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APPENDIX A — DATA SOURCES AND METHODOLOGICAL APPROACH

This appendix provides the methodology and data sources used to estimate refined product demand and supply

for the study area.

SUPPLY ESTIMATION

The major supply points for the study area are located in New Jersey. The Linden-Newark-Bayonne area, along
with Perth Amboy houses some of the largest petroleum port and storage facilities in the United States. These
terminals not only supply regions in the study area, but the northern half of New Jersey, western Pennsylvania,
southern New York State, and even New England states via tanker and barge. This region is viewed as a central
supply point for the entire northeast for three reasons. There are two large refineries, two large port facilities,
and the terminus of the largest petroleum product pipeline in the United States: The Colonial Pipeline. ICF's
assumption is that any demand not supplied by New York ports in the study area is made up by the distribution

of products from New Jersey.

The primary source of supply data is the U.S. Energy Information Administration (EIA). There are two
publications that are useful in estimating the supply picture in the study area. The first is EIA Company Level
Import Data. This data series is reported on a monthly basis using form EIA-814 “Monthly Imports Report”.
The smallest geographic location for which data is available is port of entry city. There are four ports in this
data series that lie within the study area: Albany, NY, New York, NY, Newark, NJ, and Perth Amboy, NJ. The
three products of interest that EIA reported data for were distillate fuel oils, residual fuel oils, and kerosene.
Data for volumes of shipments by product were extracted from the EIA database for these four ports and three
products. From 1996 to 2003, data for distillate fuel oil imports was broken into two categories based on sulfur
content, <.05% sulfur content, which is generally diesel fuel, and >.05% sulfur content, which is mostly home
heating oil. Beginning in 2004, distillate fuel oil imports were further broken out into four different categories
based on sulfur content. These four categories are: <15 PPM, 15<PPM<=500, 500<PPM<=2000, and >2000
PPM. From 1996-2002, data for residual fuel oil was reported on a total residual fuel oil imports basis. In
2003, EIA began to report residual fuel oil imports on a sulfur content basis. Import volumes for residual fuel
oil are now reported by <.31% sulfur content, .31-1.00% sulfur content, and >1.00% sulfur content. The New

York City area requires 0.3 % sulfur content residual fuel oil

Imports into Port Cities

Energy Information Administration Company Level Imports 1996-2004 available on web at:
http://www.eia.doe.gov/oil_gas/petroleum/data_publications/company_level imports/cli.html.
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The second EIA publication used to estimate supply in the study area is EIA Petroleum Supply Annual. Table
34 of Petroleum Supply Annual Volume 2 reports movements of crude oil and petroleum products by tanker and
barge between PAD Districts. These data are reported on a monthly basis using form EIA-817 “Monthly
Tanker and Barge Movement Report”. Data for movements between PADD 3 and Central Atlantic were
extracted because the Central Atlantic region encompasses the study area. Once again the products of interest
were distillate fuel oils, residual fuel oils, and kerosene. The breakout of residual fuel oils by sulfur is reported
in a similar fashion to how the imports are now reported. Data for volumes of shipments of distillate fuel oils

are still broken out by only two sulfur categories.

Movements of Petroleum Products between PAD Districts

Energy Information Administration Petroleum Supply Annual, Volume 2 1995-2003 and Petroleum Supply
Monthly Jan. 2004 to Dec. 2004 available on web at:

http://www.eia.doe.gov/oil gas/petroleum/data publications/petroleum supply annual/psa_volume2/psa volu
me2.html
http://www.eia.doe.gov/oil_gas/petroleum/data_publications/petroleum_supply monthly/psm.html

Deriving estimates of movements of distillates and residual fuels from New Jersey to the New York portion of
the NYSERDA study area

Movements from NYC Metro-NJ to the NYC Metro-NY Area and Long Island were based on filling the
demand requirements for those regions. The figures generated represent the difference between the demands in
those two study regions minus imports into those two study regions. The demand data from EIA is the total of
all the commerecial, industrial, residential, transportation, and electricity generation sales. The import data is

from the EIA Company Level Imports database.

Movements from NYC Metro-NJ to the Albany/Hudson study region are based on movement data from the
United States Army Corp of Engineer Waterborne Commerce Data Series. Data for volumes of movements of
residual fuel oil and distillate fuel oil between the NYC Metro-NJ and the Albany/Hudson study region were
extracted from the Waterborne Commerce database. ICF also made an assumption regarding the amount of
residual fuel oil supplied from NYC Metro-NJ to the Albany/Hudson region. This was based on the assumption
that Albany was the distribution point for the surrounding region. As a result, the Albany/Hudson region
requires more supply than would be used solely within the area to meet the surrounding demand. Therefore,
ICF concludes the Albany/Hudson region most likely supplies the surrounding region with residual fuel oil via

rail and truck transport.

Movements between NYC Metro-NJ study region and Albany/Hudson study region
U.S. Army Corp of Engineers Waterborne Commerce Data Series 1995-2003 available on the web at:

Petroleum Infrastructure I— 2
#022005.appendices.rpt I F

COMSULTING


http://www.eia.doe.gov/oil_gas/petroleum/data_publications/petroleum_supply_monthly/psm.html
http://www.eia.doe.gov/oil_gas/petroleum/data_publications/petroleum_supply_annual/psa_volume2/psa_volu

Final Report
September, 2006

http://www.iwr.usace.army.mil/ndc/wesc/wesc.htm.

DEMAND ESTIMATION

The primary source of demand data is the Energy Information Administration (EIA). The EIA publishes two
data series related to demand, Consumption and Prime Supplier Sales. The smallest geographic location for
which this data is available is the state level. Consumption is a direct estimate of refined products consumed.
Prime Supplier Sales is based on the survey form EIA-782-C, that measures primary petroleum product
deliveries into the states where they are locally marketed and consumed. To avoid double counting volumes,
survey respondents are instructed to exclude sales to other prime suppliers and traders. The design of the EIA-
782C makes possible accurate measurement of sales volumes for consumption at the United States and regional
levels, as well as for most states'. Since actual consumption data at the state level is only available for years
prior to 2002, the sales data was used as a substitute for years 2002 and 2003. Neither sales nor consumption

data were available at the state level for 2004.

The major sectors for which state-level data is available and their definitions as per EIA are given below.

Residential. An energy-consuming sector that consists of living quarters for private households. Common uses
of energy associated with this sector include space heating, water heating, air conditioning, lighting,
refrigeration, cooking, and running a variety of other appliances. Sales to farmhouses are reported under “Farm”

and sales to apartment buildings are reported under “Commercial.”

Commercial. An energy-consuming sector that consists of service-providing facilities and equipment of non-
manufacturing businesses; Federal, State, and local governments; and other private and public organizations,
such as religious, social, or fraternal groups. The commercial sector includes institutional living quarters.
Common uses of energy associated with this sector include space heating, water heating, air conditioning,

lighting, refrigeration, cooking and running a wide variety of other equipment.

Industrial. An energy-consuming sector that consists of all facilities and equipment used for producing,
processing, or assembling goods. The industrial sector encompasses the following types of activity:
manufacturing and mining. Overall energy use in this sector is largely for process heat and cooling and
powering machinery, with lesser amounts used for facility heating, air conditioning, and lighting. Fossil fuels

are also used as raw material inputs to manufactured products.

! Energy Information Administration, Prime Supplier Report, January 2005
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Electric Power: An energy-consuming sector that consists of electricity only and combined heat and power
(CHP) plants whose primary business is to sell electricity, or electricity and heat to the public. volumes directly

imported and used by the electric power companies are included.

Transportation: The transportation sector consists of the following sub-sectors defined by EIA.

Railroad. An energy-consuming sector that consists of all railroads for any use, including that used for heating
buildings operated by railroads.

Vessel Bunkering. An energy-consuming sector that consists of commercial or private boats such as pleasure
craft, fishing boats, tugboats, an ocean-going vessels, including vessels operated by oil companies. Excluded are
volumes sold to the U.S. Armed Forces.

On-Highway Diesel. An energy-consuming sector that consists of motor vehicles: automobiles, trucks, and

buses. Vehicles used in the marketing and distribution of petroleum products are also included.

Off-Highway. An energy-consuming sector that consist of farm equipment:

Construction. An energy-consuming sub sector that consist of all facilities and equipment including
earthmoving equipment, cranes, generators, air cCompressors, etc.

Other. An energy-consuming sub-sector that consists of all off-highway uses other than construction. Includes

logging, scrape and junk yards, and refrigeration units on trucks.
Deriving County Level Estimates from State level EIA data.

The study region poses a special challenge to determine values for energy consumption, supply and movements,
in that the EIA data is only available at the state level, but the study region is at sub-state level. One of the steps
taken to make data estimation easier for the study region was to define the region as consisting of distinct
counties. This helps estimating numbers for the study region by using demographic and business pattern data
that are available in the County Business Patterns Report from the U.S. Census. Appropriate characteristics
were chosen from Census data that would help ICF estimate the distribution of fuel demand across the various

counties. The assumptions used for each of the sectors are given below.
Residential

EIA data provides annual state-wide data for residential consumption of distillate fuel and kerosene for 1960 —
2001 and sales data after that. The U.S. Census Bureau provides the number of housing units using fuel oil for
heating on a county-wide level. Housing units within apartment buildings were removed from this total by using
the percentage of housing units in multi-unit structures so that only single unit homes were included in the
residential data. This information from the Census Bureau was used to calculate the distribution of state energy

consumption data among various counties based on the proportion of fuel oil customers within that county. In
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cases where counties of interest did not have data on the number of fuel oil customers (only the larger counties

have data), the population was used to estimate the proportion of the consumption in that county.

Data Sources for Residential Sector

State Wide Residential Consumption

Energy Information Administration. Table 8. Residential Sector Energy Consumption Estimates, 1960-2001,
New Jersey available on the web at:

http://www.eia.doe.gov/emeu/states/sep use/res/use res_nj.html

Energy Information Administration. Table 8. Residential Sector Energy Consumption Estimates, 1960-2001,
New York available on the web at:

http://www.eia.doe.gov/emeu/states/sep_use/res/use_res_ny.html

State Wide Sales for Residential Use

Energy Information Administration. Table 7. Fuel Oil and Kerosene Sales 2001 - 2003 available on the web at:
http://www.eia.doe.gov/pub/oil_gas/petroleum/data_publications/fuel oil and kerosene sales/historical/2001/f
oks 2001.html
http://www.eia.doe.gov/pub/oil_gas/petroleum/data_publications/fuel oil and kerosene sales/historical/2002/f
oks 2002.html

http://www.eia.doe.gov/oil_gas/petroleum/info_glance/distillate.html

Number of Residential Customers

United States Census Bureau. American Fact Finder — American Community Survey 1998 — 2003 available on

the web at:

http://factfinder.census.gov/servlet/DTGeoSearchByListServlet?ds name=ACS 2003_EST G00_ & lang=en&
ts=121188717372

Housing Units in Multi-unit Structures
United States Census Bureau. State and County Quick Facts 2000 available on the web at:
http://quickfacts.census.gov/qfd/

Heating Degree Days
National Oceanic and Atmospheric Administration. National Climatic Data Center.
http://www.ncdc.noaa.gov/oa/ncdc.html

Industrial and Commercial

The County Business Patterns data series provides the number of commercial and industrial establishments
present in a county. These establishments are composed of different sectors of business such as wholesale trade,
manufacturing etc. Appropriate businesses were grouped under commercial and industrial sectors to provide a
means to disaggregate state data into county data. Exhibit A-1 provides a list of various categories under County
Business Patterns’ commercial and industrial establishments and the consumption sector that they were

allocated to.
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Exhibit A-1: Allocation of County Business Patterns’ Commercial and Industrial
Establishments categories into energy consumption sectors (Commercial and Industrial only)

for the Study area

County Business Pattern Categories Industrial Sector | Commercial Sector

X

Forestry, fishing, hunting, and agriculture support
Wholesale trade

Retail trade

Transportation & warehousing

Information

Finance & insurance

Real estate & rental & leasing

Professional, scientific & technical services
Management of companies & enterprises

Admin, support, waste mgt, remediation services
Educational services

Health care and social assistance

Arts, entertainment & recreation

Accommodation & food services

Other services (except public administration)
Auxiliaries (excl. corporate, subsidiary & regional mgt)
Unclassified establishments

Mining

Utilities

Construction

Manufacturing
Source: US Census Bureau, County Business Patterns, and ICF Consulting assumptions

XXX XXX XXX X[ X|[X|X]|X]|X

XX XX

Data Sources for Commercial and Industrial Sectors

State Wide Commercial Consumption

Energy Information Administration. Table 9. Commercial Sector Energy Consumption Estimates, 1960-2001,
New Jersey available on the web at:

http://www.eia.doe.gov/emeu/states/sep_use/com/use_com_nj.html

Energy Information Administration. Table 9. Commercial Sector Energy Consumption Estimates, 1960-2001,
New York available on the web at:

http://www.eia.doe.gov/emeu/states/sep_use/com/use_com_ny.html

State Wide Sales for Commercial Use

Energy Information Administration. Table 8. Fuel Oil and Kerosene Sales 2001 - 2003 available on the web at:
http://www.eia.doe.gov/pub/oil _gas/petroleum/data_publications/fuel oil _and_kerosene_sales/historical/2001/f
oks 2001.html

http://www.eia.doe.gov/pub/oil _gas/petroleum/data_publications/fuel oil_and kerosene_sales/historical/2002/f
oks 2002.html

http://www.eia.doe.gov/oil gas/petroleum/info_glance/distillate.html

Number of Commercial Establishments
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United States Census Bureau. Censtat Database — County Business Patterns 1998 - 2002
(NAICS Codes 11, 42, 44, 48, 51 — 56, 61, 62, 71, 72, 81, 95, 99) available on the web at:
http://censtats.census.gov/cbpnaic/cbpnaic.shtml

Heating Degree Days
National Oceanic and Atmospheric Administration. National Climatic Data Center.
http://www.ncdc.noaa.gov/oa/ncde.html

State Wide Industrial Consumption

Energy Information Administration. Table 10. Industrial Sector Energy Consumption Estimates, 1960-2001,
New Jersey available on the web at:

http://www.eia.doe.gov/emeu/states/sep_use/ind/use_ind_nj.html

Energy Information Administration. Table 10. Industrial Sector Energy Consumption Estimates, 1960-2001,
New York available on the web at:

http://www.eia.doe.gov/emeu/states/sep_use/ind/use_ind_ny.html

State Wide Sales for Industrial Use

Energy Information Administration. Table 9. Fuel Oil and Kerosene Sales 2001 - 2003 available on the web at:

http://www.eia.doe.gov/pub/oil_gas/petroleum/data_publications/fuel oil and kerosene sales/historical/2001/f
oks 2001.html

http://www.eia.doe.gov/pub/oil_gas/petroleum/data_publications/fuel oil and kerosene sales/historical/2002/f
oks 2002.html

http://www.eia.doe.gov/oil gas/petroleum/info_glance/distillate.html

Number of Industrial Establishments

United States Census Bureau. Censtat Database — County Business Patterns 1998 - 2002
(NAICS Code 21, 22, 23, 31) available on the web at:
http://censtats.census.gov/cbpnaic/cbpnaic.shtml

EIA MECS Survey
Energy Information Administration. Manufacturing Energy Consumption Survey 1998 available on the web at:
http://www.eia.doe.gov/emeu/mecs/contents.html

Heating Degree Days
National Oceanic and Atmospheric Administration. National Climatic Data Center.
http://www.ncdc.noaa.gov/oa/ncdc.html

Transportation

EIA has state-wide data on transportation consumption of aviation gasoline, distillate fuel, jet fuel, LPG,
lubricants, motor gasoline, and residual fuel for years 1960 to 2001. EIA also provides annual state-wide data
on sales of distillate fuel and residual fuel oil for transportation use that is used as a surrogate for demand for
the years 2002 and 2003. Since diesel is primarily used for on-road consumption in the transportation sector, its
consumption was disaggregated to the county level by using the number of gasoline stations in each county
given in the Census Bureau’s County Business Patterns. The primary use of residual fuel in transportation is for
vessel bunkering at the ports. A list of ports in the states of New York and New Jersey is available from the
U.S. Army Corps of Engineers. A count of the number of ports in the county is the closest indicator of demand
for oil at the county-level that could be found. Other alternatives, like residual storage capacity by county, were

explored, but were deemed poor indicators since the storage could be for electricity generation or temporary
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storage for oil enroute to another location. Yet another alternative, estimating demand by distribution of vessel

tonnage by port, was not considered to be any better an indicator than the number of ports.

Data Sources for Transportation Sector

State wide Transportation Consumption

Energy Information Administration. Table 11. Transportation Sector Energy Consumption Estimates, 1960-
2001, New Jersey available on the web at:

http://www.eia.doe.gov/emeu/states/sep_use/tra/use_tra_nj.html

Energy Information Administration. Table 11. Transportation Sector Energy Consumption Estimates, 1960-
2001, New York available on the web at:

http://www.eia.doe.gov/emeu/states/sep_use/tra/use_tra_ny.html

State Wide Sales for Transportation Use

Energy Information Administration. Table 11. Fuel Oil and Kerosene Sales 2001 - 2003 available on the web
at:

http://www.eia.doe.gov/pub/oil_gas/petroleum/data_publications/fuel oil and kerosene sales/historical/2001/f
oks 2001.html

http://www.eia.doe.gov/pub/oil_gas/petroleum/data_publications/fuel oil and kerosene sales/historical/2002/f
oks 2002.html

http://www.eia.doe.gov/oil_gas/petroleum/info_glance/distillate.html

Number of Gasoline Stations

United States Census Bureau. Censtat Database — County Business Patterns 1998 - 2002
(NAICS Code 447) available on the web at:
http://censtats.census.gov/cbpnaic/cbpnaic.shtml

Number of Ports
US Army Corps of Engineers. NDC Publications and US Waterway Data CD. Volume 9. 2003

Prime Supplier Sales
Energy Information Administration. Prime Supplier Report 1998 - 2003
http://www.eia.doe.gov/oil_gas/petroleum/data_publications/prime_supplier_report/psr_historical.html

Electricity Generation

The EIA-906 “Power Plant Report™ contains fuel consumption data at the power plant level for both utility and
non-utility electricity generation. This data was used for the years 1997 to 2001. Individual plants were mapped
to the county and region that they are located in. The consumption from plants that could not be mapped was
divided using the same proportions as industrial demand. Although the EIA-906 data is available for the years
2002 and 2003, EIA sales data was used instead in order to be consistent with estimation methodology used for
the other sectors. The state-level sales data was distributed among the various counties and regions in the study

area using the 2002 demand data from EIA-906.

State Consumption Data

o EIA has state-wide data on electric plant consumption of distillate fuel, jet fuel, LPG, and residual fuel
for 1960 — 2001.
State Sales Data
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e EIA data provides annual state-wide data on sales of distillate fuel and residual fuel oil for electric
plant use.
Plant-Level Data
e The EIA form 906 contains fuel consumption data at the power plant level for both utility and non-
utility electricity generation. Individual plants were mapped to the county that they are located in.
e  The consumption from plants that could not be mapped was divided using the same proportions as
industrial demand.
Daily Approximation
e  Consumption from electric power generation was assumed to follow the same pattern as cooling
degree days for Brooklyn, NY.

Data Sources for Electric Power Sector

State Wide Sales for Electric Plant Use

Energy Information Administration. Table 10. Fuel Oil and Kerosene Sales 2001 - 2003 available on the web
at:

http://www.eia.doe.gov/pub/oil _gas/petroleum/data_publications/fuel oil and kerosene sales/historical/2001/f
oks 2001.html

http://www.eia.doe.gov/pub/oil_gas/petroleum/data_publications/fuel oil and kerosene sales/historical/2002/f
oks 2002.html

http://www.eia.doe.gov/oil_gas/petroleum/info_glance/distillate.html

Electric Plant Consumption

Energy Information Administration. EIA 906 Database — Monthly Utility Power Plant Database 1998 —
2003available on web at:

http://www.eia.doe.gov/cneaf/electricity/page/eia906u.html

METHODOLOGY FOR DATA EXTRAPOLATION OF GAS DEMAND OF INTERRUPTIBLE

CUSTOMERS FOR 2004-2005 HEATING SEASON

ICF extrapolated the monthly gas consumption of interruptible customers from October 2004 to the remaining
months of the 2004-2005 winter season in order to assess the number of days coverage that the fuel oil storage
capacity would provide to these customers in an event of a gas supply interruption. The extrapolation was done

using scaling factors derived from an analysis of sectoral gas consumption in New York State.

The demand ‘scaling factor’ for each month of the 2004-2005 winter season was calculated as the daily average
demand in each sector for that month divided by the daily average demand for October 2004. The scaling factor
was then applied to the October 2004 gas consumption for only the gas interruptible customers (customers
successfully cross-referenced between databases) to estimate their likely gas demand” from December 2004
until March 2005. This estimated gas demand was then used to calculate the number of days coverage that the
fuel oil storage capacity will provide. The state level natural gas consumption data from EIA that was used to

estimate the scaling factor categorizes apartment buildings in the commercial sector. Exhibits IV-10 and IV-11

? The data for interruptible customers was allocated to either Commercial, Industrial or Electric Sector based on their “Site Type’ in Exhibit
IV-10. Customers with unclear site type like “Other” or “Unknown” were assigned to the commercial sector and the respective scaling
factor was used.
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extrapolate the gas consumption for apartment buildings using the same classification as EIA. However,
apartment buildings may also exhibit gas usage in a pattern that mirrors the residential sector that shows a
greater peak in the winter than the commercial sector. Therefore, Exhibits IV-12 to IV-13 estimate the number
of days of fuel backup storage assuming apartment buildings to be in the residential sector in order to evaluate
the case of extreme winter demand peak. It should also be noted that sectoral New York state consumption data
from the EIA for January 2005 were affected somewhat by interruptible customers being instructed to switch
off gas, as the last half of that month was very cold. The specifics of those interruptions were as follows:
KeySpan Long Island - customers were interrupted for 3 days, Con Edison - customers were interrupted for
approximately 9 days, and Central Hudson - customers were interrupted for 15 days. These gas interruptions
result in actual gas consumption being lower than true gas demand since some customers would have switched

to alternative fuels during the interruption period.
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APPENDIX B - MODELING RESULTS
Appendix on the Fuel-Switching Simulation

The objective of this simulation is to estimate the distribution of fuel switching per heating season caused by
natural gas supply interruptions in the study area. Because the frequency with which levels of switching occur
is of interest, especially for extreme events, the output of the simulation shows not just the mean, but the full

expected range of the quantity of such fuel switching.

Basic Design

The model simulates the markets in the study area for natural gas, No. 2 distillate fuel oil, and No. 6 residual
fuel oil. The unit of time in the simulation is one day. While it is difficult to obtain all the data inputs with that
frequency, it is necessary to model natural gas interruptions on the daily level as the decision to ask for

interruptions is made on a daily basis. Some interruptions may be as short as one day.

The model runs in two modes, calibration and forecasting. During its development, the simulation was run in
calibration mode which models the markets for all the days of an historical heating season and then compares
the simulated results with actual history. The key comparison is predicted natural gas interruptions to dual-fired

customers versus actual interruptions.

Once a good match is found, the model can be run in forecasting mode. To do this it uses models of the
behavior of heating degree days (HDD) over the heating season in the study area and the behavior of wholesale
prices of the three fuels. These equations generate a large number of simulated heating seasons, and the results

by season are collected to estimate the full range of outcomes of interest.
Demand: Sectors, Fuels, and Entities

The simulation models four demand sectors — residential, commercial, industrial, and electric utility. Three
fuels are included — natural gas, distillate, and residual. The residential sector demands only distillate and

natural gas; the other three sectors utilize all three fuels.

The basic simplifying concept in the model is entities, which are the source of demand for fuels. An entity is
defined by its sector and the set of fuels it can burn. Exhibit B-1 lists the 17 entities that were used in the
model. As the exhibit shows, the commercial, industrial, and electric utility sectors have five sectors each that

burn distillate only, natural gas only, residual fuel only, gas and distillate, and gas and residual fuel.
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The exhibit also shows the typical daily demand of each entity and its demand function. The demand functions
for the single-fired entities were estimated by regression analysis. Those for the dual-fired entities were made
by combining the functions of the corresponding single-fired entities within the same sector. The typical
demand levels of the dual-fired entities were calibrated to match the fuel switching observed during some

historical gas interruptions.

Exhibit B-1: Model Inputs for Entities

Typical | [

Consumption] Demand Function Coefficients Elasticity
Sector Fuels Burned (Dth/day)| Intercept HDD Price| at Means
Residential |Distillate Oil 1,415,313| 241,560 38,175 -65,246 -0.52
Residential [Natural Gas 1,812,341 37,160 48,614 -8,338 -0.23
Commercial |Distillate Oil 599,568| 342,892 16,185 -614 -0.57
Commercial [Natural Gas 1,064,285 150,318 33,804 -32,084 -0.31
Commercial [Residual Qil 419,047 144,079 11,312 -307 -0.35
Commercial |[Gas & Dist. 176,430 51,068 5,314 -3,550 -0.40
Commercial |Gas & Resid. 106,119 20,622 3,238 -2,381 -0.32
Industrial Distillate Qil 68,265 51,760 1,843 -97.7 -0.76
Industrial Natural Gas 227,639 109,180 4,163 -2,274 -0.08
Industrial Residual Oil 114,429 100,928 3,089 -215 -0.89
Industrial Gas & Dist. 19,112 10,294 385 -144 -0.23
Industrial Gas & Resid. 38,898 23,671 820 -75.2 -0.34
Elec. Utility |Distillate Oil 18,038 87,392 487 -196 -4.88
Elec. Utility |Natural Gas 545,982 756,133 27,147| -266,422 -1.71
Elec. Utility [Residual Oll 643,038 308,404 17,358 -656 -0.48
Elec. Utility |Gas & Dist. 3,442 8,227 148 -1,108 -2.63
Elec. Utility |Gas & Resid. 210,932| 189,060 7,901 -22,484 -1.05

All the demand curves are linear functions of HDD and the retail price of their fuel. The units of measure are
decatherms for quantity and (2000) dollars per decatherm for prices. This uniformity facilitates the fuel
switching that goes on as the model seeks a market equilibrium across the three submarkets. As the demand
functions are linear, the coefficients show the rate of change in demand with respect to HDD and price. Unlike
such functions that use the logs of the dependent and independent variables, the estimated coefficients are not
interpretable as elasticities. However, a typical elasticity can be computed at the means of the data, and these
elasticities are shown in the far-right column of the exhibit. The elasticities seem reasonable. Residential gas
demand is inelastic, as expected, with an elasticity of —0.23. All the demands are inelastic except for four of the
functions in the electric utility sector, but this makes sense, too, as that sector has more substitutes for fuel

inputs, including buying outside power.
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Inventories

The simulation tracks the levels of tertiary inventories of distillate and residual fuel held by entities. Primary
inventories at terminals and bulks storage and secondary inventories held by distributors are not tracked in the
model. Entities consume from inventory when the market price is relatively high and can bid for refills when

the price is low or equal to the outside price’.

The inventory capacity of all nonresidential entities is equal to the averages obtained by the provided data:
47.5,33.2, and 41.8 days of consumption for commercial, industrial, and electric utility distillate customers,
respectively, and 52.3 and 49.9 days of supply for commercial and industrial residual users. No data were
available for electric utility residual customers, so their capacity was assumed to equal that of electric utility

distillate users. These tanks are assumed to be 75 percent full at the beginning of the heating season.

For the distillate-burning residential entity, inventory capacity is set equal to one-fifth of the average heating-
season consumption. On average, tanks are assumed to be 62.5 percent full at the beginning of the season on

November 1.

Inventories have a refill fraction. When stocks fall below the refill level, the entity tries to refill when the price
is low. For the residential sector the refill fraction is 0.625. The other entities are assumed to receive refills
that bring their stocks up to 75 percent original capacity. Refills are not assumed to bring stocks up to
aggregate capacity in either case because of diversity — all customers do not obtain refills at once. It takes time
for sellers to cycle through the entire list of customers, and the first on the list can consumer a considerable

fraction of the last refill before the last on the list is refilled.

The model’s inventories also have a runout fraction, a level at which some members of the entity run out of
inventory. Our model of residential inventories indicates this would begin to happen at 37.5 percent of

capacity. For other entities, which probably have less fill diversity, runout starts at one-quarter fill.

Supply

The simulation has a model of the supply of each of the three fuels at the retail level for a single day. These
models are simple but realistic. Exhibit B-2 provides a generic example, which illustrates the shape of the
supply schedule for all three fuels. The supply curves are completely elastic at price Ps from Q=0 out to Q; at

which it becomes completely inelastic.

* See the next section for a definition of the outside price.

* The residential refill fraction value is derived from this model: The typical behavior of heating oil distributors is to refill residential tanks
when the fill drops to one-quarter. Once the system is in equilibrium with a diversity of fill levels, the average fill will be the average of
one-quarter and full or 5/8 (0.625).
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Exhibit B-2:

PRICE

Ps

Qs QUANTITY

Qs is the maximum quantity that can be supplied in a day. For the liquid fuels, ICF estimated these supplies at
24,451,600 gallons of distillate per day and 16,800,000 gallons of residual fuel per day. However, these limits
are not constant. For the liquid fuels it clearly varies with ice and snow conditions that affect delivery by truck
or barge. We approximate this relationship by reducing the Q; for distillate and resid at low temperatures, as
illustrated in Exhibit B-3. As the exhibit shows Q; is constant between 0 and 40 HHD, and then falls linearly to
65 HDD where it reaches 70 percent of the maximum. This estimate of 70 percent is taken from responses we
received from heating oil distributors. While HDD is not a perfect proxy for ice and snow conditions, there is

not sufficient data on actual snow and ice conditions to use them as variables in the model.

B-3: Distillate and Resid Supply Reductions in Very Cold Weather

100%
Percent
of 70% ________________________________________________
Base
Supply
HDD 40 65

Petroleum Infrastructure . 14
#022005.appendices.rpt I F

COMSULTING



Final Report
September, 2006

The natural gas supply is not constant, either. The gas supply comes from an essentially constant component:
from pipelines and peaking components from gas storage, cogeneration sources, and winter peak shaving. In a
cold heating season, the peaking components can be exhausted before the season ends, so the maximum gas
supply can decline. ICF estimated the maximum that could be attained from all gas suppliers into the study area

at 6,031 kilodecatherms of which 2,378 kilodecatherms are from flowing pipelines.

The ideal measure for Py would be a lower-bound price set in the outside market that reflects the general level of
prices rather than local conditions. For example, for the liquid fuels, it would reflect the world price of crude
oil, and the levels of primary stocks, but not the effect of current, local temperature; that is handled in the

model. We chose to use the New York Harbor prices of distillate and residual fuel. They are close to ideal as
they are correlated with world prices and with deviations of primary stock levels from normal. However, they
are also somewhat correlated with deviations of HDD in the Northeast, but on balance, they are the best

available.

However, to use these wholesale prices in the model, we had to connect them to the retail prices needed for the
market supply models. We found that regression analysis could estimate the relationship between monthly
retail and wholesale prices. The formulas we used are shown in Exhibit B-4. In calibration mode, the model

reads in daily wholesale prices and uses those formulas to convert them to the three base prices (Ps).

Exhibit B-4: Equations to Convert Wholesale to Retail Prices

Sector Fuels Burned Intercept Beta
Residential Distillate Oil 0.77 0.73
Residential Natural Gas 8.07 0.23
Commercial Distillate Oil 0.17 1.03
Commercial Natural Gas 5.09 0.67
Commercial Residual Oil 0.24 0.84
Industrial Distillate Oil 0.10 1.08
Industrial Natural Gas 3.46 0.73
Industrial Residual Oil 0.24 0.84
Elec. Utility Distillate Oil 0.02 1.28
Elec. Utility Natural Gas 0.82 1.12
Elec. Utility Residual Oil 0.24 0.84
Petroleum Infrastructure —
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Equilibration

To find an equilibrium set of fuel prices, the model polls each entity in turn and lets it switch an increment of
fuel demand from a higher price fuel alternative to one with a lower price. This polling and switching

procedure continues until no customer can obtain a lower price from any further switching.

Entities that use only natural gas cannot switch; they simply buy what is indicated by their demand curves at the
equilibrium gas price. Entities that do not use gas have two supply alternatives, buy on the market or use some
inventory. The price of inventory is conventionally set at one cent above P so that inventory will be used only

when the market price is being bid up the inelastic part of the supply curve.

When the market price is at the base, no one takes from inventory because they can get all they want at the
lowest possible price. Also, when prices are at the base, entities with inventories below the refill level will bid
for fuel to refill their tanks to the refill fraction. If the total demand for refilling is greater than the amount that
would drive the total demand to Q, then the available refill is prorated among the applicants. Thus, the demand

for refilling is not allowed to bid up the market price above Ps.

Even though this algorithm does not involve looking ahead or optimizing complex dynamics, it makes the

entities mimic optimizing behavior. They buy inventory at a low price and use it when the market price is high.

Running Out

Entities that burn a liquid fuel can run out. Running out occurs when inventory at the beginning of the day is
below the runout fraction and the part of an entity’s consumption that comes from a liquid fuel is less than its
demand for that fuel at P,. For example, if an entity starts the day with inventory ten percent below the runout
level and does not make up that decatherm shortfall by buying a fuel on the market, then ten percent of that
entity has run out. Dual-fired entities can make up the shortfall with either fuel if their gas supply has not been

interrupted.
Statistics and Accounting

After the simulation solves for the market equilibrium, it updates the balance sheet for each entity finding its
demand, inventory use, inventory refill, and consumption. Statistics on running out, days that demand at P,

exceeded supply, and switching from gas are collected and aggregated for the heating season.
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Calibration

The simulation was calibrated against the data we had on the actual interruption experience of the 2002-2003
heating season. We also intended to calibrate against the 2003-2004, but the data for that season were
inconsistent. During midwinter, the data we collected showed that HDDs as low as 39 were causing

interruptions, but in February and March HDDs as high as 50 were not.

The 2002-2003 heating season was quite cold — the third coldest of the 21 seasons from 1984 to 2004.
According to the data we collected for the 2001 through 2004 heating seasons, this one had the most gas supply

interruptions at 76 days, and is the logical choice for calibration.

The simulation’s summary page of statistics for the calibration is shown in Exhibit B-5. The five lines of
documentation record the key input assumptions and parameter values that were adopted for this model run. As

the exhibit shows, these include:

= Gas supply interruptions for nonresidential customers. The model can let dual-fired entities
choose their more economic fuel, or it can use the option adopted in this run to interrupt such entities
whenever the demand for gas exceeds the supply.

=  Using 40 tranches of gas surge capacity. From the load-curve data provided by National Grid, we
constructed tranches of gas supplies from storage, cogeneration, and winter peaking. Each tranche has
a volume in decatherms and a limiting number of days it can be drawn.

=  Variable supplies of distillate & residual fuels. As discussed above, the available supplies of
distillate and residual fall when the HDD exceeds 40 to reflect the slowing of truck deliveries during
extreme weather.

= Residential distillate inventories started at equilibrium. The simulation gives the user the option to
start residential heating oil full or in equilibrium on November 1. Equilibrium means that the tanks
have a steady-state range of fills; some are calling for refill, some have just been filled, etc. The model
assumes that the average fill for residential tanks is 62.5 percent in equilibrium.

=  Nonresidential refill factors at 75 percent. Nonresidential tanks can be started full on November 1
or at 75 percent of capacity, and the model user can choose whether they refill after use to 100 percent
or to 75 percent. The former would represent diligent efforts by companies to refill their tanks after

use.

The first table on the summary page shows the number of days that each fuel supply was insufficient to meet
demand at the base price. For natural gas, this condition means an interruption for dual-fired customers in this
run, as explained in the first bullet above. The summary in the exhibit shows that the model predicted that there

should have been 71 gas supply interruptions; in fact 76 occurred, which is close agreement. However, these
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statistics do not account for whether the predicted and actual interruptions occurred on the same days. The
“hits” statistic handles that and shows that 63 of the 73 interruptions predicted by the model match actual
interruptions. The summary also shows that distillate fuel supplies fell short of demand on seven days and

residual fuel supplies were short on 17 days.

The table of runout days in Exhibit B-5 shows the number of days that each entity ran out of distillate or
residual fuel. Only residual-only entities ran out. The commercial entity ran out for just less than one day.
This can be interpreted as 96 percent of the companies in the entity ran out for a day. Runout days for the

residual-only industrial entity was 0.61; it was 0.91 for the electric utilities burning resid only.

The last table in the summary shows the number of days that the dual-fired entities either chose to switch to a
liquid fuel or were forced by an interruption to do so. We expect the minimum here to be about 73, the number
of gas interruption days, and the maximum can be more because of voluntary switching, especially in late

March when the base price of residual fuel was lower than the price of gas.
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Exhibit B-5: 2002-2003 Heating Season

Gas supply interruptions for nonresidential customers
Using 40 tranches of gas surge capacity

Variable supplies of dist. & resid

Residential distillate inventories started at equilibrium
Nonresidential refill factors at 75 percent

Days that Demand at Base Price Exceeded Supply

Gas Dist Resid

Model 71 7 16

Hits 61

History 76
Runout Days by Entity

Num Sector Fuel 1 Fuel 2 Days Out
1 Residential Dist None 0.00
3 Commercial Dist None 0.00
5 Commercial Resid None 0.00
6 Commercial Gas Dist 0.00
7 Commercial Gas Resid 0.00
8 Industrial Dist None 0.00
10 Industrial Resid None 0.00
11 Industrial Gas Dist 0.00
12 Industrial Gas Resid 0.00
13 Electric Dist None 0.00
15 Electric Resid None 0.00
16 Electric Gas Dist 0.00
17 Electric Gas Resid 0.00
Weighted Average 0.00
Days Switched
Num Sector Fuel 1 Fuel 2 From Gas

6 Commercial Gas Dist 72.8
7 Commercial Gas Resid 80.4
11 Industrial Gas Dist 72.9
12 Industrial Gas Resid 81.1
16 Electric Gas Dist 73.1
17 Electric Gas Resid 81.4
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B-6: 2002-2003 Heating Season

HS Demand in KDth Supply in KDth Prices in $/Dth
Day HDD Gas Dist Resid Gas Dist Resid Gas Dist Resid
1 26.0 3319. 1203. 1076.] 3583. 3391. 2515.| 4.12 5.10 4.42
2 36.0 4723. 1562. 1324_.] 4820. 3391. 2515.] 3.82 5.10 4.42
3 32.0 4202. 1419. 1225 4375. 3391. 2515.] 3.82 5.10 4.42
4 26.0 3421. 1205. 1076.] 3583. 3391. 2