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Model Overview

Purpose

The Power Asset Simulation model has been developed to value the operation of power generation assets embedded in a simulated, evolving market.  The model simulates daily loads and power prices, monthly fuel prices and plant forced outages.  It dispatches plants by attempting to optimize day ahead economics subject to the operating constraints that are specified for the generation assets. 

PSIM reports on monthly (by hour of day) capacity utilization, generation costs, and revenues (or costs) of market sales (or purchases) of power.   The PV of cash-flows for each simulation and the expected PV over all simulations is provided.  An additional report shows the realized daily and monthly power volatility over the simulation period.

Functionality

Multi-Fuel Type:
PSIM model allows plants to operate on several fuels types.  Only power/fuel correlation is considered, while cross fuel correlation is ignored in simulation.  As of now only one power market is modeled. 

Fuel Switch:
PSIM permits a generator to switch between two types of fuels.  The model selects the cheapest fuel to operator.  Cross commodity correlation between these two fuels is ignored as well (assumed to be zero).  

Volatility Curves:
The model uses volatility curves to simulate power and fuel prices.  The volatility curves are converted to forward-forward volatility curves for simulation.  For power, peak and off-peak volatility curves are specified separately. 

Dispatch, Demand:
Based on the simulated market conditions that consist of power prices, fuel prices, market demand and plant operation conditions (scheduled and forced outages), PSIM determines the order of plant dispatch, dispatch amount, the amount to sell to or buy from market using bid-offer spread.  It then calculates net present value of the whole operation.  

Order of plant dispatch is based on generation cost.  That is, cheapest plant is to dispatch first.  And the order is re-calculated at the beginning of each month. 

In the “Simple Dispatch” mode, dispatch decision is made based solely on whether the market power price is higher than the generation cost, that is, whether it is economically profitable.  

In the “Semi Optimal Dispatch” mode, physical constraints such as minimum up hours, minimum down hours, start-up hours, start-up costs, fuel switching cost are taken into consideration in making dispatch decisions. 

In the “Optimal Dispatch” mode, simplified stochastic optimization is performed to rank the order of dispatch and then make dispatch decision accordingly. 

Full Requirement:
For full requirement deal, user can specify three types of contract price: negotiated contract prices, gas index adder, and gas index multiplier. 

Hedge:


Hedge can be put on at the valuation date and hedge adjusted P/L is calculated. 

Power Price Cap:
Simulated power price will be capped by a user can specify a power price cap. 

Heat Rate: 
User can input heat rate either by specifying heat rate at three different operation levels, or by specifying the coefficients of a quadratic function of the heat rate. 

Background

The precursor to PSIM was created to evaluate full requirements deals in which ECT would own or control various power generation assets and would supply power to a native load customer.  ECT would be free to optimize the use of the generation assets in coordination with market purchases and sales of power.  It still allows for the evaluation of full requirements deals, but the native load can be turned off in order to simply evaluate the generation assets against assumed market conditions.  Pavel Zadorozhny and Stinson Gibner created the precursor to PSIM.  Stinson Gibner and Zimin Lu increased the flexibility of the model and added the more convenient Excel interface.  Tom Halliburton and Alex Huang have updated the Excel interface and output, including simulation statistics, automated data input procedure, improved dispatch logic by incorporating a simple stack ordering, introduced bid-offer spread to take into account of market elasticity, plotted output histograms, added heat rate quadratic function input, power price cap, and fuel switching logic.  Hedging strategies are incorporated into the model.  “Semi Optimal Dispatch” mode is created.  

Chonawee Supatgiat implemented “Optimal Dispatch” mode using simplified stochastic optimization.

Dispatch Logic

In “Simple Dispatch” mode, dispatch is done using a three step process.  First, the plants (generation units) are ordered by cost of generation, the cheapest to run is to dispatch first.  Dispatch order is re-calculated at the beginning of each month.  Second, day ahead predicted prices and loads are used to determine which generation assets will be up and available on the following day.  The assets are identified either as dispatchable, meaning that they are run economically, or “must run” which means that they will always generate except during planned or forced outage periods.  The dispatchable assets are used based on 24-hour economics.  If the asset is dispatched, it is assumed to run on a 24 hour basis, although it is allowed to ramp freely between its minimum and maximum capacity in order to optimize profitability.  Any remaining long or short hourly power position is balanced by day ahead market sales or purchases.

After the day ahead dispatch is determined.  Actual daily loads and prices are simulated along with unexpected forced outages.  Plant dispatch is then adjusted along with any additional spot market purchases or sales required to meet the actual load obligations.

In “Semi Optimal Dispatch” mode, dispatch order is determined as in “Simple Dispatch” mode.  The generation units are classified as either “IDLE,” meaning they are up but not dispatching, “DISPATCHED,” or “NOT-AVAILABLE.”

The unit will take “Start Hours” to start dispatching, and has to run “Minimum Up Hours” before being taken off line, and has to remain off line for “Minimum Down Hours” before being putting back on line again.  The unit will be turned on only if in “Start Hours” the profit can cover generation cost. 

Curve and Load Simulation

Power price and fuel price curves are inputs to the model.  PSIM then uses Monte Carlo simulation to allow the curves to vary over a specified number of future price scenarios.

The model has been set up to simulate (shock) the curves as follows:


CURVE

SHORT TERM PROCESS

LONG TERM PROCESS
a)  Power price curve
Load Deviation + Daily Mean Reverting
Brownian motion



b)  Fuel price curves

none




Brownian motion

c)  Loads



Temperature + Daily Mean Reverting
Brownian motion

Simulation is done using both “long term” and “short term” perturbations.  The user may specify that long term perturbations follow either standard geometric Brownian motion or simple Brownian motion on a monthly time step.  The correlation of the long term shocks for power, fuel, and load is specified by the user.

Short term perturbations are on a daily time step by using two processes which may be correlated.  The first process is designed to capture weather variability.  The temperature deviation from normal is modeled as an AR(1) process, so that the influence of each new perturbation decays over a period of several days.   The resulting temperature is mapped to a load level using a monthly empirical formula.  This temperature dependent load is further perturbed by an additional shock.  The shocked load is the mapped to a hourly load profile based on historical load profile. 

In order for the above process to be calibrated correctly, historical load and temperature data should be analyzed to find the appropriate inputs for the climate and load sheets. 

The daily power price change is also driven by two factors.  The first is a short term shock (which is completely mean reverting from one day to the next?????).  The second short term factor is derived from the simulated load.  The power price is subjected to an additional shock driven by the deviation of each day’s load from the day’s “normal” load level.  The “price-load” coefficient adjusts the strength of this load driven shock. 

One danger to recognize is that because this load driven shock is determined, in part, by the shape of the load vs. temperature curve, the resulting simulated power prices will have an expectation value which differs from the forward price curve.  The model does not internally attempt to re-normalize the resulting mean power prices, however, as a diagnostic, the model does produce a report showing the resulting average power price by month of simulation.

Outages

The model allows for both planned and forced outages.  You may specify dates and lengths of planned outages for each individual asset. 

Forced outages are modeled as a Poisson process.  The mean forced outage rate for each asset is specified by year.  The length of each forced outage is also specified for each asset and is the same for each outage.  (Extra for experts: Note that the Poisson statistics can be used to vary the uncertainty in the outage rate realized for each iteration of the simulation process.)

Hedging

User can put on three types of hedges: build new plant, buy/sell peak, off-peak, base load forward contracts, and buy/sell options.  Hedge can be monthly or daily.  Hedging profit will be calculated and added to the total P/L calculation.  Hedging cost and profit will be reported separately.  

Hedge is supposed to be put on at the valuation date so costs is calculated at today’s price while profit is discounted to today.  The model does not handle hedging put on in the future yet. 

Model Shortcomings – Possible Improvements

Assets:  Model allows instant ramping of assets (but does require day ahead dispatch for an asset to be available on a given day.)

Market purchases/sales:  The model does currently allow for correlating price spikes with load spikes, and we are in the process of including the ability to let market purchase or sales quantities affect the market pricing.   One shortcoming is that the model allows hourly purchases and sales, whereas individual hourly blocks probably do not trade with any liquidity in most markets.

When using shocks derived from load fluctuation, it would be convenient if the model had the ability to internally re-normalize the forward power prices.

Dispatch logic:  As of now, dispatch logic is rather simplistic.  We have not incorporated minimum down time, minimum up time, ramp up time.  Chonawee Supatgiate has worked on a more realistic dispatch module and it is hoped that it can be incorporated into PSIM model. 

A sheet by sheet tour of the model

GenInfo

The GenInfo sheet contains the top level controls for running the model.  Here you can change the number of assets, the simulation period, number of simulation iterations, and location of output data.

Number of Assets is specified in cell B3.  The model will read asset information starting with the worksheet named “Asset1” and then “Asset2” and so on up to “AssetN” where N is the specified number of assets for this run.

File path:  The pathname specified in cell B4 is where the model will write some temporary asset information and also where all the reporting data will be written to .txt files.  You can specify any directory to which you have write permission.   If you end the path with a character other than “\” the last string will be used as a prefix to the output files.  For example if you specify the path “C:\myoutput\runA” then the output files will go into the directory “C:\myoutput\” and will be named runAreport.txt, runAvol.txt...

Valuation date:  The valuation date for the deal (usually today’s date).

Deal start date:  The starting date for the deal simulation.  Note that the first month of all of the price curves (fuel curves, power price curves, interest rate curves) must be the same as the month which contains the Deal start date.  If you change the deal start date to a different month, you will have to shift all of the price curves appropriately.

Deal end date:  Then ending date of the deal simulations.

Number of iterations:  The number of future price scenarios run by the model.  More iterations take longer to run but will give you a statistically more accurate result.

Dispatch model:
Currently only mode=1 is implemented.

off-peak Volatility Flag:  When flag is 0, off-peak prices do not vary.  When flag is 1 off-peak prices are affected only by the long term power volatility.  When flag is 2, off-peak prices have the same volatility as peak prices.

No outage flag:  When flag is 1, there are no planned or forced outages.

Price Elasticity:  Not currently implemented.  This should be set to zero.

Load Margin:  For full requirements deals only.

Native Load Contract Price:  Price received from native load customer.  One can choose one of the three types.  This is for full requirements deals only.

Transmission loss factor:  Fraction of generated power which is lost.

Interest Rate spread Libor-AA:  Interest rate spread over Libor AA. 

Calculate Intrinsic Value Also:  Flag to calculate intrinsic deal value. 

Number of fuel curves:  Must correspond to number of fuel curves used from the fuel sheet.  May be up to 5.

Number of power curves:  Must be 1.  Model does not currently support multiple power markets.

Put on Hedge:  Flag to indicate hedge is on or not. 

Load Group:
Not currently used.

Curve Fetching:  Selecting the proper curve region and pressing “Update Curves” will update all the curves automatically. 
Load1

Forecasted load for the entire tenure of the deal needs to be specified.  Bid-off spread (in cents) is also specified on this page. 

Load vs. Temperature is inputted by month, in the form of percentage deviation from the normal.  More precisely, -0.99% of Feb at 40 degrees indicates that in February, if daily temperature is 40 degrees, then the load is 0.99% below the daily average of this day. 

An addition field “Annual Growth Rate (%)” can be used to increase or decrease the forecasted load.  This is to incorporate user’s view on the market. 

(Native load is specified as a function of temperature and day of week on the Load1 sheet.  The load vs. Temperature relationship is input as a series ordered pairs.  The temperatures must be consistent with the temperature curve on the Climate sheet.  Typically the temperatures are chosen to represent the average of the daily high and low temperature.  The loads are interpreted as being the total daily load in MW.  The model uses linear interpolation between the specified values.  An additional offset may be specified for each day of the week.  This offset is added to the previously interpolated load.)  

As mentioned above, the loads may be scaled down to be of inconsequential magnitude in terms of power consumption if the model is not to be run as a full requirements model.  Even so, they can be used as a driver of the price process, if desired.

Starting at row 27 a series of load profiles specifies the shape of the intra-day hourly load profile as a function of day of the year.  Note that the absolute values of these profiles have no effect.  The relative hour to hour values are used only to find the hourly distribution of the total daily load.

ContractPrice

For full requirement deals, user inputs negotiated contract prices, or gas index adder/multiplier. 

InterestRate

Collect interest rate information.  No user input is needed.  Interest rate can be further modified in the GenInfo page. 

PwrPrice1

The PwrPrice sheet contains the power forward curve for the market that will be used for purchases and/or sales of power.  The curve consists of monthly peak and off-peak prices starting with the month which corresponds to the Deal start date specified on the GenInfo sheet, as well as peak and off-peak volatility. The model will use the curves in columns C to F starting at row 6.  No user input is needed. 

Power Curves

Power curves are fetched automatically according to the specification on the GenInfo page.  No user input on this page is needed. 

Scalar1

The Scalar1 sheet contains hourly scalars which are used to produce hourly prices from the monthly power price curve.  Data are fetched automatically.  The sheet also contains Saturday and Sunday scalars which are specified by month of the year.  User can modified the information contained in this page if needed. 

Fuel

The Fuel sheet contains the fuel forward curves.  There may be up to five curves.  The model will read the curves starting with the curve in column B.  For purposes of linking the Assets to specific fuel curves, the first curve on this sheet will be referenced as curve 0, the second curve as curve 1.  The first month of each of the fuel curves must correspond to the deal start date specified on the GenInfo sheet.  No user input is needed.

Gas Curves

Gas curves fetched from data base.  No user input is needed. 

Covar

The Covar sheet allows the user to specify the volatilities and correlations of the various price processes used in the simulation.  

The matrix starting at cell B10 specifies the vols and correlations for the long term price processes.  The annualized volatilities are input in row 11 and the upper half of the correlation matrix is input immediately below the vols.  The only information used in the calculation is the load long term vol and its long term correlation with power.  Row 10 contains flags which specify if the process is geometric Brownian motion (flag=1) or simple Brownian motion (flag=0).  If additional fuel curves are used, the size of this matrix must be expanded to accommodate the additional inputs.  

Information for the short term simulation shocks starts on row 25.  The volatilities for the short term process indicate daily volatility.   That is, a value of 30% indicates that the standard deviation of price returns from one day to the next is 30%.  Since the short term processes are mean reverting, it is somewhat meaningless to consider the “annualized” value of these volatilities.  

The best way to calibrate the volatility of the overall simulation is to look at the output statistics in the file “vol.txt” and adjust the parameters on the Covar sheet until you get a term structure that suits you.  One current shortcoming is that one cannot specify seasonal volatility except indirectly through the use of the climate inputs.

The value of cell J3 controls the effect of the simulated load on the price level.  Note that a valid load vs. Temperature function must be input on the Climate sheet for any load variation to occur.  If you are not modeling a full requirements deal but want to use the temperature driven load variability to drive the power prices, then you can simply scale down the daily loads so that they have an inconsequential total volume.  The model uses the percentage deviation from normal load to drive the price variability, not the absolute load level.

Climate

This page contains user input historical weather data. 

Asset1

The sheet which are sequentially labeled Asset1, Asset2, ... specify some of the physical and financial parameters of the generation assets to be modeled.  

Name:

The name which is used in all reporting.

Dispatch type:
Currently only two types of units are allowed. “Dispatchable” (type=2) units are dispatched based on 24 hour economics.  “Must run” units are run continuously, regardless of the economics, unless under a planned outage or forced outage.  Note that you can simulate, in a rough manner, a peaking plant by setting the minimum capacity [see below] to zero.  In this case the asset will be allowed to ramp down to zero during hours with negative economics.  A better implementation of  “Peaking” mode may be implemented in the future.

Fuel Curve:
This number specifies which fuel curve from the Fuel sheet will be used by this asset.  The curves are numbered sequentially starting with 0.

Capacity min, intermediate, peak:  Specified the minimum and maximum capacity at which the asset can run.  The intermediate capacity is provided only to allow for an additional point of the heat rate curve to be input.  (Note, however that the current implementation of the model will always run the plant at either max [during hours with positive economics] or min [during hours with negative economics] capacity.

Heat rate@min capacity, intermediate, peak:  Heat rates [nonstandard units of mmbtu/MWh] at the min, intermediate, and max operating levels.

Start Cost:  The cost ($MM) for each cold start.

Start cost recovery hurdle rate:  Used in the decision logic of when to start up a plant which is down, this hurdle rate specifies the percent of start up cost which must be recovered by one day of operation.  If one day of running does not produce profit in excess of the hurdle rate times the start cost then the plant will not be started.

Forced outage duration:  The number of days the plant is down during each forced outage.  The model assigns this fixed down time to all forced outages.

The following are specified by year of the simulation.  

Year one applies to the calendar year (or fraction thereof) which contains the simulation start date (specified on the GenInfo sheet).

Fixed cost:   $MM per year of fixed operating cost.  This may be left as zero if you want to handle fixed expenses as a bottom line adjustment, separate from the simulation model.

Non-Fuel VOM:  Non-fuel variable operating costs in dollars per MWh.

Forced outage rate:  Forced outage rate expressed as percentage.  That is, fraction of the year that the unit will be down due to forced outages.

Fuel Basis:  A monthly basis which is added to the fuel curve ($/mmbtu).

Planned Outages:  Planned outages are input by specifying the starting date and the number of days for each outage.  The outages are read sequentially until a blank row is encountered.  At least one planned outage must be specified, but it can have a duration of zero days.

Peak

This page contains details of peak hedges (from 7 to 22 hours, inclusive).  User needs to specify number of hedges of this type first in Cell “D3”.  Hedging amount and prices are specified next.  Then choose 1 for monthly hedge (settles at the beginning of the month) and 0 for daily hedge (settles day by day).
OffPeak

This page contains offpeak hedge (0 to 6, 23 to 24 hours) hedge information. 

Strip

This page contains information of twenty-four hedges. 

Option

User can also use option to hedge positions.  Information needs to be specified includes: hedging amount, hedging prices, monthly (1) or daily (0) hedge, strike price, call (1) or put (0). 

Algorithms

Software Structure

The user interface is a spreadsheet.  VBA code extracts data fro the spreadsheet, and calls two dlls to carry out simulation functions.  The dll PwrSim.dll is written in C++, converted from the original C code.  The dll contains the functions:

Writedll – writes text files, one for each physical asset

Simulate – carries out simulation

Results are viewed by running a VBA subroutine to import a text file into a spreadsheet and make some formatting changes.

Main Simulation Process

Process in the dll PwrSim.dll function Simulate:

Parameters passed from VBA

Dates are passed as number of days, where day 1 is 1 Jan 1900.  (This is the Excel format for dates.)

Open text files for output.

Set values for some options that are currently not available.

Fill Run structure with values passed from VBA.

Read data

Read forward volatility, obtained from trading database (egsprod for gas)


Convert forward vol ai to forward-forward vol bi using:
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when monthly forward volatility is used, the above equation becomes:
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Separate data for peak, off-peak volatility for power

Calculate Cholesky factorization of covariance matrices

Memory initialization

………………………………………………

For each iteration


Set all units to available, ie not on forced outage.

Generate monthly price and load forecasts by calling fLongRand

Generate daily price forecasts by calling fShortRand


Calculate generation costs by calling fGenCosts

For each day in time horizon


If the day is the first of the month, recalculate generation costs by calling fGenCosts


Generate daily market conditions by calling fGenDailyMarket


Get hourly load and price forecasts



Adjust load forecast to account for transmission loss


If no outage modeling then set all units to available.



Set all units to committed – looks like this negates any unit start up costs?



Calculate day ahead commitment, dispatch and buy / sell by calling fDispatchDailyAsset –.



If modeling forced outage flag set, simulate forced outages by caling fForcedOutages
Adjust market prices (actual hourly prices) to account for effect of advance purchases by calling fPriceQuantity.



Make hourly dispatch decision and calculate P/L by calling fDispatchHourlyAsset.


Calculate simulation statistics by calling fBookKeepingDaily.
fLongRand

Purpose:

Generates long-term (monthly) power/fuel prices and load.
Resides in:
rv.cpp.
Called by:
Main from within simulation loop. 

Calls to:

fCorrvs3
Input Variables:

StructRV *
psrv

(Simulated) Random variables 

power_curve 
pcurve

Input power curve, containing power forward curve and forward-forward volatility 

double * 
fuelv 

Fuel (gas) forward-forward volatility curve
double *** 
Choles

Cholesky matrix for peak power
double *** 
opCholes
Cholesky matrix for off-peak power
int 

iIter

Number of iteration

Output Variables:

psrv->ppdLTPert[k][j]
Simulated month j peak random value of curve k, which can be either load (k=0), power (k=1) or fuel (k=2).

psrv->ppdLTPertOP[k][j]
Simulated month j off-peak random value of curve k, which can be either load (k=0), power (k=1) or fuel (k=2).
Routine:
Initializes pertinent pointers when the function is called the first time (i.e. iIter=0).

Calls fCorrvs3 to generate the random numbers for all calculation periods.  
Random shocks are the calculated for all periods and for all curves. 

fShortRand

Purpose:

Generates short-term (daily) power/fuel prices and load.
Resides in:
rv.cpp.
Called by:
Main from within simulation loop. 

Calls to:

fCorrvs2
Input Variables:

StructRV *
psrv

(Simulated) Random variables 
 int 

iIter

Number of iteration
Output Variables:

psrv->ppdSTPert[k][j]
Simulated day j random value of curve k.

Routine:
Initializes pertinent pointers when the function is called the first time (i.e. iIter=0).

Calls fCorrvs2 to generate the random numbers for all calculation periods.  

Random shocks are the calculated for each day and for all curves.
fGenCosts

Purpose:

Calculates generation costs for a particular day per MWh, given the simulated (forecasted) fuel prices. 
Resides in:
rv.cpp.
Called by:
Main from within simulation loop as well as within days loop. 

Calls to:

fOrder.
Input Variables:


double **
ppdFuel
 
Forward fuel price curve. 
StructRV *
psrv 

Simulated random variables.
StructDate *
sDate

Date structure.
StructStack *
Stack

Generation stacks.
StructAsset *
Asset

Generation asset.
long 

day

Day count.
int

iCalcPayoff
Payoff calculation flag
Output Variables:

Stack->ppdCost[j][k]
Total cost (VOM+generation cost) of generation for asset j operating at level k. 
Routine:


For each asset



If the day is not a planned outage day, then 



For each operation level




For each fuel
Total Cost = VOM+(shocked fuel price+basis)*Heat Rate




End of each fuel



End of operation level


Else 

For each operation level

Total Cost = 0



End of operation level


End of each asset.

If Payoff calculation flag is one, order the stack by merit.

fGenDailyMarket

Purpose:

Generates forecasted and actual hourly power price and load for a given day.
Resides in:
rv.cpp.
Called by:
Main from within days loop. 

Calls to:

fDailyTemp, fDailyLoad.
Input Variables:


power_curve *

ppwr 

Power curves.

StructLoad *

psLoad 

Historical load.
StructRV *

psrv 

Simulate random variables.
StructDate *

sDate 

Date structure.
LP *


fh 

Forecasted hourly load and power price.
LP *


ah

Actual hourly load and power price.
StructTemp

*sT

Historical temperature.
StructLoadVsTemp *
sLVT

Historical load versus temperature. 
int


day

Day count 
Output Variables:
LP *


fh

Forecasted hourly load and power price.

LP *


ah

Actual hourly load and power price.
Routine:

Generate temperature of the day temp by calling fDailyTemp, using sT, sDate, and daily temperature shock srv[0].ppdSTPert.

Generate deviation from the normal load of the day load by calling fDailyLoad, using sLVT, temperature of this day temp, sDate, day count, and long term (monthly) load shock. 
Find the deviation from the normal load of the day normload by calling fDailyLoad, using sLVT, normal temperature contained in sT, sDate, and the day count. 

Add load deviation to the forecasted load to get the simulated load.  Adjust the load to account for load growth. 
Calculate load scale by 


Scale = load/historical average load of the day.

Calculate price factor by


pricefactor = monthly price shock*price shock of the day*
exp(hedgeratio * (load-normload)/normload))

Check whether this day is a weekday or weekend.

For each hour



forecasted load = historical load * Scale.


forecasted price = forward price * hourly scaler *pricefactor.

End of each hour.

If this day is weekend, then



For each hour




Reduce the forecasted load by multiplying a weekend factor.



Reduce forecasted price by multiplying a weekend factor.


End of each hour.

For each hour



Set actual load be forecasted load multiplied by a daily shock.



Set actual price be forecasted price multiplied by a daily shock.


End of each hour. 


Save the monthly forward price to the 25th hour’s actual price.
fDispatchDailyAsset

Purpose:

Generates advance buy/sell amount and price for  a given day.
Resides in:
dispatchnew.cpp.
Called by:
Main from within days loop. 

Calls to:

fPriceQuantity.
Input Variables:


Int


 iDay


Day count.
StructRun *

Run 


Simulation run parameters
StructStack *

Stack 


Generation stacks.
StructAsset *

Asset


Generation assets.
LP*


pForecastHourly

Simulated forecasted hourly price and load.
StructLPPosition *
Sched


Hourly purchase schedule.
double 


Powerspread

Bid-offer spread
Output Variables:

StructLPPosition *
Sched


Hourly advance buy/sell load and price. 

Routine:


For each hour

Set hourly load pdLoad = hourly forecasted load, adjusted by load margin
 (pForecastHourly.dLoad * (1+Run->dLoadMargin).


Set hourly price pdPrice = hourly forecasted price.


Set hourly optimal capacity pdCapacityOpt = 0.0.



Set hourly generated load tempload  = 0.0.

End of each hour.


If Run->iDispMode = 1 (simplified optimization), then 



For each asset



Set unit be the lowest ranked asset. 



If (the day is a planned outage day for this unit) then do nothing




Else  




If the stack status is UP for this unit, then 





If asset is scheduled as dispatched, then the net profit dNetProfit = 0






Else dNetProfit = -unit start-up cost





End if






For each hour







Set cost as the cheapest fuel cost. 
If the total generated load, tempload, at this hour up to this unit is greater than the hourly load pdLoad, set hourly P/L as pdPrice net bid-offer spread, net cost, times this unit’s generation capacity, else if tempload plus generation capacity is lower than pdLoad, set hourly P/L as pdPrice net cost times generation capacity, else, hourly P/L is (pdPrice-cost)*(pdLoad-tempload)+ (pdPrice-rspread-cost)*(capacity+tempload-pdLoad). 

Find the operation level optimum at which the maximum hourly P/L is achieved, and increment dNetProfit by maximum P/L. 
Increment hourly generated load by the asset capacity at the optimum level. 





End of each hour

If asset is scheduled as dispatched and dNetProfit>0, or the asset is a must-run, then 
Schedule asset as dispatched.
For each hour


Increment optimal capacity pdCapacityOpt by the asset capacity at the level optimum. 






End of each hour.






Else if asset is scheduled as idle and dNetProfit> asset start hurdle, then 







Schedule asset as dispatched







Increment number of starts of the asset by 1.

For each hour


Increment optimal capacity pdCapacityOpt by the asset capacity at the level optimum. 







End of each hour.






Else  







Schedule asset as idle.





Else






Schedule asset as idle.


End of each asset


End of  if (Run->iDispMode = 0 (full optimization) is not implemented yet.) 

For each hour



Set the purchase/sell amount dNetPosition be the total optimal capacity net hourly load dLoad.



Calculate the average price by calling fPriceQuantity.




If dNetPositio>0, then 





Set scheduled advance buy load = 0.





Set scheduled advance buy price = average price+bid-offer spread..

Set scheduled advance sell load = dNetPositio.





Set scheduled advance sell price = average price-bid-offer spread.

Else

Set scheduled advance buy load = negative of dNetPositio.





Set scheduled advance buy price = average price+bid-offer spread.

Set scheduled advance sell load = 0.





Set scheduled advance sell price = average price-bid-offer spread..


End of each hour.

fDispatchHourlyAsset
Purpose:
Generates spot buy/sell amount for a given day, but DO NOT take into account transmission loss factor or elasticity of market.
Resides in:
dispatchnew.cpp.

Called by:
Main from within days loop. 

Calls to:

None.
Input Variables:


Int


iDay


Day count.

StructRun *

Run 


Simulation run parameters

StructStack *

Stack 


Generation stacks.

StructAsset *

Asset


Generation assets.

LP*


pActualHourly

Simulated actual hourly price and load.

StructLPPosition *
Sched


Hourly purchase schedule.
double 


Powerspread

Bid-offer spread.
Output Variables:

StructLPPosition *
Sched


Hourly spot buy/sell load and price. 

Routine:


For each hour


For each asset
Set both scheduled asset load and price be 0d, adjusted by load margin



End of each asset.


End of each hour.


If Run->iDispMode = 1 (simplified optimization), then 



For each hour



Set the total load dLoad = actual load + scheduled advance sell-scheduled advance buy.




For each asset
Set unit be the lowest ranked asset. 



If (the day is a planned outage day for this unit) then do nothing





Else  
If the asset stack status is UP and asset is scheduled as dispatched, then 






Set cost as the cheapest fuel cost. 
If the total generated load, tempload, at this hour up to this unit is greater than the hourly load pLoad, set hourly P/L as pdPrice net bid-offer spread, net cost, times this unit’s generation capacity, else if tempload plus generation capacity is lower than dLoad, set hourly P/L as pdPrice net cost times generation capacity, else, hourly P/L is (pdPrice-cost)*(dLoad-tempload)+ (pdPrice-rspread-cost)*(capacity+tempload-pLoad).  

Find the operation level optimum at which the maximum hourly P/L is achieved, and the maximum hourly P/L.
Set the scheduled asset load at this hour as the asset capacity at the level optimum. 

Set the scheduled asset price at this hour as the asset operation cost at the level optimum. 
Increment total capacity pdCapacity by the asset capacity at the optimum level.

Increment hourly generated load by the asset capacity at the optimum level.





Else







Set the scheduled asset price at this hour as 0.




End of each asset



Set the purchase/sell amount dNetPosition be the total capacity net total load.




Set the average price be the actual hourly price.



If dNetPositio>0, then 





Set scheduled spot buy load = 0.





Set scheduled spot buy price = average price+bid-offer spread.

Set scheduled spot sell load = dNetPositio.





Set scheduled spot sell price = average price-bid-offer spread.
Else

Set scheduled spot buy load = negative of dNetPositio.





Set scheduled spot buy price = average price+bid-offer spread.

Set scheduled spot sell load = 0.





Set scheduled spot sell price = average price-bid-offer spread.


End of each hour.

Run->iDispMode = 0 (full optimization) is not implemented yet. 
fForcedOutages

Purpose:

Simulates forced outages at beginning of each day.

Resides in:
dispatchnew.cpp.

Called by:
Main from within days loop. 

Calls to:

None.
Input Variables:


StructDate *

sDate


Date structure. 
StructAsset *

Asset


Generation assets.

StructStack *

Stack 


Generation stacks.
long 


day


Day count.
Output Variables:

StructLPPosition *
Stack


Updated stack schedule. 

Routine:


For each asset



If the day is not a planned outage day, then




If the asset forced outage rate > 0 for this particular year, then 




Generate a uniformly distributed random variable





If
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 then






Increment asset outage by the outage duration in days





If asset is scheduled to dispatch, change status to idle.




Else do nothing. 



Else do nothing



Else 



If asset is scheduled to dispatch, change status to idle.


End of each asset. 

fRollOutages

Purpose:

Checks for planned outages and decreases any current outage remaining duration by one day.
Resides in:
dispatchnew.cpp.

Called by:
Main from within days loop. 

Calls to:

None.
Input Variables:


Int


 iDay


Day count.

StructStack *

Stack 


Generation stacks.

StructAsset *

Asset


Generation assets.

Output Variables:

StructLPPosition *
Stack


Updated stack. 

Routine:


For each asset



If the asset is down, decrease the down time by one day. 


If there is a planned outage for the day, 
Update the asset Status by increasing down time by the number of planned outage days. 

If the asset Status >0 (asset is down) and the asset is scheduled to be dispatched

Set the asset schedule as idle.
Increment the placeholders for planned outage by 1.


Else (if this is not a planned outage day)



Increment the placeholders for planned outage by 1.


End of each asset. 
fPriceQuantity

Purpose:
When flag is 1, calculates marginal and average prices for given original market price (assuming no selling or buying) and quantity bought or sold; when flag is "0", returns quantity that must be bought or sold before marginal price changes from its original level (assuming no selling or buying) to given level, as well as price.

Resides in:
dispatchnew.cpp.

Called by:
Main and fDispatchDailyAsset1 from within days loop. 

Calls to:

None.
Input Variables:


StructRun *
Run


Simulation run parameters
double 

dPrice_0


(Hourly) Market price

double 

dNum1


Buy/sell quantity, or 
int

iFlag 


Flag
double *

pdNum2


Marginal price
double *

pdAvePrice

Buy/sell price
Output Variables:

double *

pdNum2


Marginal price
double *

pdAvePrice 

Buy/sell price
Routine:


If Flag = 1 (find price), then



If the needed quantity is higher than purchase limit, then




Set very high marginal and purchase prices.



Else if the available quantity is higher than the sell limit, then




Set the marginal price be 0.

Set sell price = (Market price+price elasticity*sell limit/2)*sell limit/available quantity*(1-T
ransmission loss factor).


Else if available quantity>0 then



Set marginal price = (Hourly price+price elasticity*sell limit)*(1-Transmission loss factor).



Set sell price = (Hourly price+price elasticity*sell limit/2)*(1-Transmission loss factor).

Else (Flag = 0, find quantity), the current version does not do anything.
fBookKeepingDaily
Purpose:
Caluclate simulated statistics and power price volatility. 
Resides in:
bookkeeping.cpp.

Called by:
Main from within days loop. 

Calls to:

fPowerVol.
Input Variables:


Int


 iDay

Day of simulation.

Int


iIter

Simulation counter.

StructDate

*Date

Date structure.

StructRun

*Run

Simulation run parameters.

StructStack

*Stack

Generation stack.

StructAsset

*Asset

Generation assets.

LP


*pActualHourly
Actual hourly prices and load.

StructVol

pPowerVol
Simulated power price volatility.

StructLPPosition*
pSched

Schedulde hourly load and price.

StructLPPosition**
ppLPStat
Load and price statistics.

StructStats*

pSimStat
Simulation statistics. 

double


EnronPayoff
Payment received by Enron (profit share)

NewHedge*

PeakHedge
Peak Hedge Information

NewHedge *

OffPkHedge
Off Peak Hedge Information

NewHedge *

StripHedge
Strip Hedge Information

OptionHedge *

OptHedge
Option Hedge Information

double


vol,

Used to calculate Option Hedge cost.

double


spread

Bid-off spread

CPlots*


Qplots

Accumulated histogram.
Output Variables:

StructVol

pPowerVol 
Power price volatility. 

StructStats*

pSimStat
Simulation statistics.
Routine:


If month counter is different from simulation month or this day is the first day of simulation, then 

Set all simulation statistics be 0.


Call fPowerVol to calculate daily power price volatility.


If in the debug mode, print out debug information.


Increment Enron payoff of this month EnronPayoff.


Calculate daily buy and sell prices. 


If hedge is on and this is the first iteration



For each type of hedge, calculate daily hedging costs, assume hedges are put on at the valuation date. 


End if.


If the hedge is on

If the day is the first of the month, set hold buy and sell prices to this month’s forward price, adjusted by bid-offer spread.

For each type of hedge


For each hedge of the same type

If the hedge is monthly, set sell and buy prices to hold sell and buy prices, else set sell and buy prices to the daily sell and buy prices, respectively.  

If the hedge is long, hedge profit is hedge quantity times sell price, else the profit is hedge quantity time buy price.



For option hedge,




Determine whether the option is exercised, and then calculate hedge profit accordingly. 


End if. 


For each hour



For each asset

Add the scheduled hourly load up to get asset total load for this hour, total load of all asset for this hour this month, total load of the load group which this asset belongs for this hour, and total generation load for this month. 


Calculate asset value, which equals scheduled hourly load times scheduled hourly price. And add these values up to obtain total value of all assets at this hour and this month, and total variable expenses for this month. 

Accumulate load points.  



End of each asset.

Increment loads and prices for advance purchases, the advance purchase cost is advance purchase load times the advance purchase (power) price.  

Increment total buy expenses. 

Increment loads and prices for advance sales, the advance sales revenue is advance sale load times the advance sale (power) price. 

Increment total sale revenue.

Increment loads and prices for spot purchases, the spot purchase cost is spot purchase load times the spot purchase (power) price.  

Increment total buy expenses. 

Increment loads and prices for spot sales, the spot sales revenue is spot sale load times the spot sale (power) price. 

Increment total sale revenue.

Accumulate advance/spot buy/sale load for this month. 


End of each hour. 


If this day is the last day of the month or is the last day of simulation, then



Calculate the (annual) fraction of this month in deal period.



For each asset




Increment fixed cost by the fraction of the yearly fixed cost. 




Increment variable cost by the number of stack starts in this month times start costs. 



End of each asset. 



For each asset




Set the simulated stack start be the number of the stack starts.




Set the number of the stack starts be 0.



End of each asset.



Call fPowerVol to calculate monthly power price volatility.


End of if. 

fIterationSummary
Purpose:
Caluclate NPV and monthly statistics. 
Resides in:
bookkeeping.cpp.

Called by:
Main from within iteration loop. 

Calls to:

None.
Input Variables:


Int


iIter


Simulation counter.

StructRun *

Run 


Simulation run parameters.

StructStats *

pSimStat

Simulation statistics.

StructStats *

pAvgMonthlyStat

Monthly statistics.

double *


pdNPV


Net present value. 
Output Variables:

StructStats *

pAvgMonthlyStat

Monthly statistics.

double *


pdNPV


Net present value. 
Routine:


For each month



Set total load be total generation load plus total purchase load, net total sale load.



Total transmission loss is the total load times transmission loss factor.



Total native load is the remainder of the total load. 



Native revenue is the total native load times contract power sale price of this month.


End of each month. 


For each month



For each asset




Increment monthly start numbers. 



End of each asset.



For each load group




Increment monthly total load for this load group.



End of each load group.

Increment total generation load, purchase load, sell load, transmission loss, native load, native revenue, sell revenue, variable expenses, fixed expenses, purchase expenses. 

If hedge flag is on, increment monthly hedging profit, record monthly hedging costs.  

Calculate monthly P/L as native revenue plus sell revenue, plus hedging profit, net variable expenses, fixed expenses and purchase expenses. 

Increment NPV by discounting monthly P/L to valuation date, net hedging costs. 


End of each month.

fCorrvs2

Purpose:

Generate matrix of correlated random variables.

Resides in:
rv.cpp.

Called by:
fShortRand. 

Calls to:

None.
Input Variables:


double **
rvs 

Random variables.
double **
msigma

Cholesky matrix.
 int 

ncom

Number of curves.
 int

nts 

Number of points.
double **
nrv

Generating random variables.
Output Variables:

double **
rvs

Correlated random variables. 

Routine:


Generate independent random variables, and store them in nrv. 


Multiply nrv by Cholesky matrix msigma to generate correlated random variables. 
fCorrvs3

Purpose:

Generate matrix of correlated random variables, taking into account of term structure of the volatility curves.
Resides in:
rv.cpp.

Called by:
fShortRand. 

Calls to:

None.
Input Variables:


double **
rvs 

Random variables.

double ***
msigma

Cholesky matrix.

 int 

ncom

Number of curves.

 int

nts 

Number of points.

double **
nrv

Generating random variables.

Output Variables:

double **
rvs

Correlated random variables. 

Routine:


Generate independent random variables, and store them in nrv. 


Multiply nrv by Cholesky matrix msigma to generate correlated random variables.
fDailyTemp

Purpose:

Generate daily temperature using historical fitting and random shocks. 
Resides in:
rv.cpp.

Called by:
fGenDailyMarket. 

Calls to:

None.
Input Variables:


StructTemp *
sT 

Temperature structure.
StructDate *
sDate 

Date structure.
double 

dz 

Daily random shock to temperature. 
Output Variables:



Simulated daily temperature. 
Routine:


Calculate

Sigma = (A+B*COSINE((Days in year-Offset)*2*/365))*, 
all these coefficients come from the temperature structure.


dt = Decay*Previous day’s deviation from normal temperature +Sigma*dz



Temperature = daily normal +dt.
fDailyLoad
Purpose:

Generate daily load using historical fitting and random shocks. 

Resides in:
rv.cpp.

Called by:
fGenDailyMarket. 

Calls to:

yinterp.
Input Variables:


StructLoadVsTemp *
psLVT

Load versus temperature structure 
double 


temp

Simulated daily temperature.
int 


iday 

Day of the year. 
Output Variables:



Daily load. 

Routine:


Determine daily load deviation by interpolating on Load vs. Temperature structure, using load vs. temperature table of appropriate month. 
fPowerVol
Purpose:

Calculate power price volatility.
Resides in:
bookkeeping.cpp
Called by:
fBookKeepingDaily. 

Calls to:

None.
Input Variables:


StructRun

*Run


Simulation run parameters.


StructDate

*Date


Date structure.


LP


*pActualHourly

Actual hourly load and price.


StructVol

*pVol


Power price volatility.


int


flag


Daily/Monthly flag.
Output Variables:



StructVol

*pVol


Power price volatility.

Routine:


Calculate the standard error of power price simulation. 
fOrder
Purpose:

Arrange stack merit order..
Resides in:
util.cpp
Called by:
fGenCosts. 

Calls to:

None.
Input Variables:


int


 iNumOfElem

Total number of elements.

double 


*pdVector

Ordering standard.

int 


*piOrder

Vector storing stack order.
Output Variables:


int 


*piOrder

Vector storing stack order.
Routine:


Order the stack according to the order specified in pdVector.


























































Simulate Function Arguments

Visual Basic






C++




Tab
Range

lControls




long  
*lControls

Array of long variables. 

dControls




double
*dControls

Array of double variables. 


(lControls contains: 




ValDate, 


Valuation date, excel format, 




FirstDate


First date of simulation, excel format,




LastDate


Llast date of simulation, excel format.




iNiter


Number Of Iterations, initialized in "geninfo.c" 




iDispMode

Dispatch mode.




iOffPeakShock

Type of off-peak volatility shock. 




iNoOutages

Flag to remove all outages,  initialized in “geninfo.c" 




ContractFlag

Flag to indicate how contract price is determined.




IntrinsicFlag 

Flag to calculate intrinsic value.




DebugIter 

Indicating the number of iteration output for debugging purpose. 




iCalcPayoff 

Flag to calculate Enron payoff.




iUseOffPkAdder 

Flag to use off-peak adder. 




HedgeFlag

Flag to whether hedge is on. 




PHedgeCount 

Number of Peak Hedges. 




OPkHedgeCount 

Number of Off Peak Hedges.




StHedgeCount 

Number of Base Hedges.




OpHedgeCount

Number of Option Hedges. 


dControls contains:




dElasticity

Price elasticity, initialized in "geninfo.c" 




dLoadMargin

(Percentage) Margin scheduled above forecasted load




dTransLossFactor

Transmission loss factor. 




growthrate

Annual load growth rate. 




fDecay


Parameter used to simulate temperature. 




fA


Parameter used to simulate temperature.




fB


Parameter used to simulate temperature.




fOff


Parameter used to simulate temperature.




dOffPkAdder 

Amount to add to off-peak value.




DPercentPayoff

Enron’s percentage share of peak profit.)
ContractPrice 
GenInfo ContractPrice

double
*dContractPrice

Contract price paid for power 

transLossFactor 
GenInfo
transLossFactor

double
dTransLossFactor
transmission loss factor 

LoadGrp(1) 

GenInfo LoadGroup, 20x 1
int
*iLoadGroup
group assets for accounting purposes

GrowthRate    
Load1
GrowthRate

double
growthrate

LoadOffset(1) 
Load1 
Offsets, 1x7

double
*dayoffset

dLoad(1,1) 

Load1
dLoad, 10x12

double
*dLoad

dTemp(1) 

Load1
dTemp, 10x1

double
*dTemp

Load1(1) 

Load1
Load1, 366x24

double
*dLoad1


1 dimensional

peak(1) 

PwrPrice1 peak, NMONTHSx 1
double
*dPeak


monthly peak prices 

offPeak(1) 

PwrPrice1 offPeak, NMONTHSx1
double
*dOffPeak

monthly off-peak prices 

Scalar(1, 1) 

scalar1
Scalar, 26x12

double
*MonthByHour
  expand monthly to hourly prices 

Fuel(1) 

Fuel
Fuel_mtx

double
*ppdFuel     months x num fuels, passed as 1-d array.

fDecay 

Climate
fDecay


double
fDecay

fA 


Climate
fA


double
fA

fB 


Climate
fB


double
fB

fOff 


Climate 
fOff


double
fOff

normtemp(1) 
Climate 
normtemp

double
*pfNorm

lvol(1) 

Covar
lvol


double
*lvol

svol(1) 

Covar
svol


double
*svol

ltype(1) 

Covar
type1, type1(1)=idiml
long
*ltype

stype(1) 

Covar
stype, stype1(1)=idims
long
*stype

lcorrel(1, 1)    
Covar
corel1


double
*LongVar

scorrel(1, 1) 

Covar
scorrel


double
*ShortVar

discountRate(1) 
InterestRate discountRate

double
*dDiscountRate

path 


GenInfo
FilePath


char
*path

NOA 


GenInfo
NumAsset

int
NOA

Number of assets

nFuelCvs 

Fuel
nFuelCVs

int
Run.iNFuelCurves  number of fuel types

peakv(1) 

Pwrprice1  peakv


double
*peakv

offpeakv(1) 

Pwrprice1  offpeakv

double
*offpeakv

fuelv(1) 

Fuel
fuelv


double
*fuelv 
Fuel volatility, months x numfuels

pfcor(1)

Fuel
corr


double
*cor
Fuel-power correlation, months x numfuels

BinWidth(1)

GenInfo
binwidth


double
*Binwidth

ForecastedLoad(1)  Load1
Forecastedload

double 
*dForecastedLoad.

BidOfferSpread(1)
BidOfferSpread

double 
* BidOfferSpread. 

PeakHedge(1, 1)

Peak Hedge Info

double 
* PHedge

OPHedge(1, 1)

Off Peak Hedge Info
double 
* OfPkHedge

StripHedge(1, 1)

Strip Hedge Info

double 
* StHedge

OptionHedge(1, 1)
Option Hedge Info
double
* OPHedge
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