E3 Calculator August 2010 Update (using April 2010 costs) 
This document provides a guide to the spreadsheets used to create the avoided costs and load impacts by end use measure that are used in the E3 Calculators.  This document is for the PG&E 2010-2012 results, although the process is the same for the other IOUs.

The flowchart shows the spreadsheets that are used (indicated by boxes) and their functions.  The slanted boxes indicate exogenous input data, and the boxes with the curved bottoms indicate spreadsheet outputs.  The top half of the flowchart shows the avoided cost calculation process, which then proceeds to the end-use shape pre-processing that creates the data that is found in the E3 Calculator CostG and CostE tabs.
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Avoided Costs
Three spreadsheets are used to update the gas and electricity generation avoided costs.  
Gas Avoided Costs

Gas Forecast Methodology

The updated Avoided Cost gas forecast in gasUpdate 5-4-10.xls follows the CPUC 2009 MPR gas price forecast methodology.  In following this methodology, the Avoided Cost gas forecast uses 12 years of New York Mercantile Exchange (NYMEX) forward price data. 


The MPR Gas Methodology uses a 22-trading day average of NYMEX forward prices ending with the close of the utilities’ solicitations.  Accordingly, the 2009 MPR takes NYMEX forward prices from the 22-trading days between 7/27/2009 and 8/25/2009.  The Avoided Cost gas methodology takes NYMEX forward prices from the 22-trading days between 3/10/2010 and 4/8/2019.

The MPR model’s long-term gas contract uses an average of fundamental gas forecasts to project gas prices in the years when NYMEX forward prices are not available.  The MPR fundamental forecast for years 13 – 25 was developed using an average of three out of four private sector natural gas forecasts (Henry Hub) from Cambridge Energy Research Associates, PIRA Energy Group, Global Insight or Wood Mackenzie.  Due to contractual obligations requiring the CPUC to keep the forecast confidential, the MPR does not reveal which of the four firms the forecasts were purchased from.  The Avoided Cost fundamental gas forecast is taken directly from the 2009 MPR Model.

The MPR natural gas forecast methodology employs two steps to transition from the 12 years of NYMEX data to the long-term fundamentals forecast. 
First, a trend of the last five years of annual average NYMEX prices is used to extrapolate a price for the first year after the 12 years of available NYMEX data (2023).  A five year trend is used to mitigate the effect of one price in the thinly traded outer years of the NYMEX futures market on the long-term forecast.  Second, the extrapolated price in the 13th year is escalated using the annual escalation rate for each year of the long-term fundamentals forecast.   

The MPR natural gas forecast is done on an annual basis.  For this reason, it is necessary to apply monthly weightings to the annual forecast prices to produce the monthly natural gas prices used in the Avoided Cost Model.  This is done by taking the average monthly weighting from the final 5 years of NYMEX data and applying that shape to the fundamental forecast prices.

California Basis Adjustment

The MPR uses NYMEX Clearport prices for years when NYMEX data is used and California Basis data from private fundamental forecasts when the MPR Gas Methodology relies on private fundamental forecast data. The Avoided Cost gas forecast uses the PG&E Citygate price for PG&E and the SoCal Border Clearport price for SCE and SDG&E.  During the 22-trading days in which price data was collected, the PG&E Citygate contract was traded until 2012 and the SoCal Border contract was traded until 2014.  For the years beyond the dates in which the contracts are traded, basis prices from the 2009 MPR private fundamental forecast are used.

Gas Forecast Sources

CPUC, “2009 MPR Model”, http://www.cpuc.ca.gov/PUC/energy/Renewables/mpr
NYMEX Henry Hub Natural Gas Futures, NG

Clearport PG&E Citygate Basis Swap, PC

Clearport SoCal Basis Swap, NS

Using this information, the gasUpdate 5-4-10.xls spreadsheet creates the gas price commodity forecast that feeds into both the gas and electricity avoided costs used by the E3 Calculator.

gasModel9_5-5-10.xls then takes the commodity forecast, brings in the emission and T&D information, and formats the data for use in the gas pre-processing model.

Electricity Avoided Cost
The electricity avoided costs were updated in cpucAvoided26-1_update MPR 2009 eac 5-3-10.xls for 1) the new gas price forecast from gasUpdate 5-4-10.xls, 2) a $30/tonne CO2 cost that is constant in nominal dollars, and 3) the CCGT generator cost and performance assumptions from the 2009 MPR.
The process used to update the electricity avoided costs is as follows:
1 Update gas inputs using the data from gasUpdate 5-4-10.xls.
2 Replace the 2004 adopted CO2 cost stream with $30/tonne, constant in nominal dollars

3 Run the model to generate avoided costs using generation and environmental and market adders only (no T&D).  This is done by using the “Export Outputs to File” button on the 8760x20 tab.

Settings:  




Market:
TRUE



T&D

FALSE



Enviro:

TRUE

Voltage: (Secondary, set by macro)



Measure start year: does not matter



Measure end year: does not matter

This will create an excel output file in the same directory as cpucAvoided26-1_update MPR 2009 eac 5-3-10.xls.

4 Run the model to output T&D hourly costs.  This is done by using the “Export Outputs to File” button on the 8760x20 tab.

Settings:  




Market:
FALSE



T&D

TRUE



Enviro:

FALSE

Voltage: 
(Secondary, set by macro)

This will create an excel output file in the same directory as cpucAvoided26-1_update MPR 2009 eac 5-3-10.xls.  The files will have a naming convention that indicates the utility being modeled and the climate zone.(e.g.: PG&E-CZ1-S.xls)

5 Create Avoided Cost Output file 

a. Copy the T&D Secondary results (from step 4) into a single spreadsheet (PG&E_HourlyCosts.xls).  (note that the tab names match the inputs in the T&D tab of the pre-processing spreadsheet(s).)  

b. Copy the Gen & Environmental results (from step 3) into the same spreadsheet.

6 Check links and year labels for pre-processing spreadsheets

a. Check year in TD and Gen Tabs

b. Spot check values back to hourly output spreadsheet

c. List of pre-processing spreadsheets (PG&E Example)

i. PG&EResCalcTOU

ii. PG&E_PreProc
(DEER hourly shapes)

iii. PG&EComCalcTOU

7 Run Models with current data to confirm combo lookup names, especially for system values

Pre-processing

Two types of pre-processing were performed depending upon whether the measure end use data was available in hourly form, or only by Time of Use (TOU) period.  The TOU period data is also referred to as “H-factor” information, consistent with PG&E’s past practices.
Pre-processing – hourly loads

· Hourly Shapes (by sector, measure, CZ)

· Multiply against 8760hr x 25yr x climate zones 
(PG&E_PreProc_8-16-10.xls)
Also calculates a “system” avoided cost.  The system avoided cost uses the values from the climate zone that provides the lowest average avoided cost for that shape.  8760 hourly costs by 25 years and climate zone are from the CPUC avoided cost model that are stored in PG&E_HourlyCosts.xls.   Hourly loads by climate zone are from the draft 2008 DEER, and stored in DEER2008-NLS-PGE-v3.xls.

· Calculate avoided costs by quarter for each shape.  
The CEE calculator performs calculations on a quarterly basis.  The quarterly resolution was judged to be a reasonable compromise between monthly detail and annual data.  The use of quarterly data allows better insight into the amount of peak reduction that would likely be in place during the critical summer months.  Costs are calculated in two parts.
· Generation (All-in energy with no separation of capacity)

· T&D Capacity

· Calculate Monthly Coincident peak, Noncoincident peak, and average demand for 12 months.  The use of monthly resolution is meant to provide more meaningful information to the Utility’s procurements and planning departments.  
· Monthly Coincident peak is the average load during the five highest system hours for each month. System hours are determined from PG&E’s system load for the period corresponding to the hourly load data.  Residential is based on 1994, and non-residential is from 1996. 
· Noncoincident is the highest load during the month.
· Calculate emission reductions for CO2, NOX, and PM-10
Avoided emissions per MW for each hour are unchanged in the 2010 update.  The avoided emissions for each shape were calculated in the same way as generation, except that the calculation is summarized to the annual level (not quarterly) and does not vary by year.
The pre-processing outputs are pasted into the CostE tab of the calculator workbooks.

Pre-processing: H-factors

· Obtain H-Factors by end-use measure
(2001 PAM Model data from H Factors.xls)
· Use H-factors from PG&E.  

· Residential

· Shares of annual energy reductions by TOU period

· Capacity reduction by TOU period, expressed in kW per annual kWh.

· Non-Residential

· Shares of annual energy reductions by TOU period

· Capacity reduction by TOU period, expressed as the kW reduction in the TOU period relative to the kW reduction in the summer on-peak period.
· Obtain average hourly avoided energy costs by TOU period and year.  
This is produced by the E3 avoided cost model, and stored in PG&E_HourlyCosts.xls.
· Calculate avoided costs by TOU period for 25 years 
(PG&EComCalcTOU_5-4-10.xls and PG&EResCalcTOU_5-4-10.xls)
· Generation = TOU Share * Energy avoided cost by TOU period

· T&D Capacity =  TOU Capacity Factor * Avoided T&D Cost by TOU period.  Note that the T&D capacity numbers are flagged as being kWh-based (for residential) or kW-based (for non-residential).  This is necessary so that the CEE Calculator Tools can correctly apply either measure annual kWh or summer peak kW reductions to calculate the avoided capacity cost.

· Map TOU periods to quarters. 
The mapping uses TOU definitions based on PG&E’s E-20 rate class.  The model uses hourly data, so it cannot perfectly match PG&E’s partial peak definition.  The partial perk period starting and ending times are shifted by 30 minutes to fit the hourly data. The summer partial period is modeled as 8am to noon, and 6pm to 9pm on non-holiday weekdays.  This TOU mapping is done in the avoided cost model.  The costs by TOU period are appended to the bottom of the hourly cost files.
· Calculate avoided costs by quarter for each shape, going out 25 years.  Apply quarter and TOU share information from the Qtr TOU Mapping.xls spreadsheet to allocate TOU avoided costs to quarters.  Note that all pre-processed avoided costs are on a normalized basis of $ per annual kWh or $ per summer peak kW reduction.
· Calculate Monthly Coincident and NonCoincident Peaks.  

· Residential

· Coin: average Smr Pk or Wtr Ptl demand, based on kWh H-factor

· NonCoin: largest average seasonal demand, based on kWh H-factor

· Non-Residential

· Coin:  use Smr Pk and Wtr Ptl H-factors for Smr and Wtr quarters

· Noncoin:  Use highest of seasonal H-factors

· Calculate emission reductions for CO2, NOX, and PM-10
Avoided emissions per MW by TOU period are unchanged in the 2010 update. 
Gas pre-processing
· Calculate average natural gas costs ($/therm) by month and year from GasModel9_5-5-10.xls (The CPUC avoided cost model)

· Generate three sets of gas costs from the avoided cost model for Residential, Commercial and Total Core market segments.

1. Residential Commodity and Environment (based on furnace enduse)
2. Commercial Commodity and Environment (based on small boiler enduse)
3. Total Core Commodity and Environment (based on small boiler end use)

· Input the three sets of gas avoided costs into the PG&EGas_5-5-10.xls spreadsheet.

· The spreadsheet calculates average gas costs by quarter for 25 years for the three market segments (residential, commercial, and total core).  The quarterly values are the simple average of the monthly gas prices corresponding to each quarter.

· The spreadsheet also creates costs for three types of gas reduction profiles for each market segment

1. Summer Only (values for quarters 2 and 3. Zero for quarters 1 and 2)
2. Winter Only (values for quarters 1 and 4, zero for quarters 2 and 3)
3. Annual (values for all four quarters each year)
· The nine sets of quarterly gas costs are copied to the Calculator tools.  Gas costs are not pre-processed against end use shapes.  The calculator tools allow the user to select between three usage shapes

1. Summer reductions only

2. Winter reductions only

3. Annual reductions

For gas reductions, the Calculator tool assumes that the reductions are spread uniformly between the two or four quarters each year during which the reductions are in effect.

Gas emission rates were also obtained from the CPUC avoided cost model.  The emission rates for NOX vary based on combustor type and controls as shown below.
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Summary of Spreadsheet Files Used in the 2010 Update
	Filename
	Purpose / Comment

	PG&E_HourlyCosts.xls
	Intermediate spreadsheet that contains the hourly generation avoided costs (including emission costs, etc) and hourly T&D costs by climate zone.

	DEER2008-NLS-PGE-v3.xls
	Hourly residential and non-residential measure end use shapes from DEER

	PG&E_PreProc 5-4-10.xls
	Main calculation spreadsheet for hourly pre-processing.  Output from this spreadsheet is pasted into the CostE tab of the E3 Calculator 

	PG&EResCalcTOU_5-4-10.xls
	Calculation spreadsheet for pre-processing Residential TOU-based data.  Output from this spreadsheet is pasted into the CostE tab of the E3 Calculator

	PG&EComCalcTOU_5-4-10.xls
	Calculation spreadsheet for pre-processing Non-Residential TOU-based data.  Output from this spreadsheet is pasted into the CostE tab of the E3 Calculator

	PG&EGas_5-5-10.xls
	Converts CPUC avoided cost model gas output into quarterly values by market segment and reduction profiles.

	cpucAvoided26-1_update MPR 2009 eac 5-3-10.xls
	Electricity avoided cost model

	gasModel9_5-5-10.xls
	Converts gas forecast into values input into the CostG tab of the E3 Calculator.

	gasUpdate 5-4-10.xls
	Calculates the annual and monthly natural gas commodity avoided cost.
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