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Executive Summary

The purpose of Technical Assignment Two is to perform a block load and energy use estimate of the
National Rural Utilities Cooperative Finance (NRUCFC) Headquarters Building using a computer-based
method. The new headquarters building is 120,000 square foot office building that will also house a
fitness center, café, and executive lounge. The three-story above grade building is located on a 42-acre
lot in Sterling, VA, about 10 miles north of the Dulles International Airport, at the intersection of Route
28 & 7. The headquarters is LEED® Gold certified.

To determine the loads and the energy use of the building, TRANE Trace 700 was used. A block
load method was used to determine both the loads and energy consumption. The building
loads were compared to ASHRAE Pocket Guide values and were found to be much lower than
the standard’s values. The large difference is believed to be because of errors in modeling the
systems as they are designed and because block load method was used as opposed to a space-
by-space method, which would have been more accurate.

Using the same model, energy consumption, operating costs and emissions were calculated.
The calculated values were compared to national average of buildings with similar square
footage and function. The electrical consumption exceeded the national average while the
natural gas consumption was roughly half the national average.
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Mechanical Systems Overview

Primary Cooling
Two 210 ton electric centrifugal chillers are located in the first floor central plant. They incorporate oil-

IM

free compressors to increase part-load efficiency. Six “ice on coil” storage tanks will circulate 25%
ethylene glycol solution through the chillers. Two induced draft cooling towers are located on the roof.
The central plant and piping has been configured to allow for future expansion and serve as the central

plant for other buildings.

Primary Heating

Two high efficiency natural gas-fired condensing boilers are located in the mechanical penthouse and
serve as the primary heating source. They will circulate water to the terminal units with a hot water heat
feature. The heating plant is also configured for future expansion.

Atrium Heating and Cooling

A combination of radiant flooring and ventilation units serve as the heating and cooling for the three
story atrium. A water to water heat pump serves the radiant flooring while three ground source heat
pumps ventilate the space. Both systems are connected to the geothermal well located in the parking
lot.

Office Space Heating and Cooling

Four central air handling units, located on the roof, serve as the heating and cooling for the office
spaces, supplying to the zones shown in Figure 1. The perimeter spaces are ventilated by fan powered
boxes with a hot water coil. Interior spaces are ventilated by VAV boxes.

Figure 1 | AHU Zones
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Design Load Estimation

Block Assumptions

Weather Data

Weather data from the ASHRAE Handbook of Fundamentals for Washington, D.C. was used for the load
and energy simulation. The project location of Sterling, VA is approximately 30 miles from Washington
D.C. and experiences similar weather conditions. Table 1 provides a summary of the weather design
conditions used in the simulation.

Table 1 | ASHRAE Weather Data | Washington, D.C.
ASHRAE Values Outdoor DB (°F) Outdoor WB (°F) Design Indoor DB (°F)
Summer Design Cooling (0.4%) 93.2 75.1 75.2
Winter Design Heating (99.6%) 9.6 - 71.8
Occupancy

Occupancy for each space was determined from the design documents provided by the project team
and therefore the ASHRAE Occupant Densities were not used.

Lighting Loads

Lighting loads were assumed on a Watt per square foot basis. Because of the variety in lighting fixtures
used throughout the building, the lighting power densities were taken from ASHRAE Standard 90.1-2007
to simplify the model. If exact values based on the fixtures were used for each space, a more accurate
model could be generated.

Electrical Loads
Electrical Loads were assumed on a Watt per square foot basis. For spaces with large equipment loads, a
larger density was assumed.

Ventilation

The ventilation rates were assumed on cfm per person rate for regularly occupied spaces like offices or
conference rooms or a cfm per square foot rate for spaces such as corridors and storage areas. The
occupancy classifications from ASHRAE Standard 62.1-2007 were used to determine the rates for the
different spaces.

Wall Construction

The wall type for exterior walls was generalized to save time. It was assumed that all walls were face
brick, 4” light weight concrete and 6” insulation. From this TRACE output a U-factor of .0403. The walls
however do vary. On the east side and part of the north and south walls are mainly brick while the west
walls and the other part of the north and south walls are primarily glass with shading devices. The
glazing was also assumed to be consistent throughout the building and was given an assumed U-factor
of .214. The glazing percentage was assumed to be 40%, the maximum allowed by ASHRAE Standards. It
was also assumed that shading devices were used on the glazing.
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Schedules
Schedules were not assigned in TRACE to be able to find the max load that the building would consume
if they were to operate continuously for 24 hours.

A summary of the TRANE Trace templates with all assumptions can be found in Appendix A.

System Load Analysis Results

Table 2 summarizes the results of the load analysis performed in TRANE Trace 700. The values of the
design loads from the engineer were unknown so the results are compared to the ASHRAE Pocket Guide
check figures. The calculated values are roughly four times lower than the average check figure for
refrigeration. Loads for each space could have been underestimated for each piece of equipment was
not accounted for within each space. The percentage of glass used for the exterior spaces was assumed
and modeled as 40%, based on ASHRAE’s maximum requirement, but there is more glazing used on the
exterior walls but the exact value was unknown, which could have led to the discrepancy in the results.
In order to get the most accurate results, each room would have to be modeled with all its design
conditions and not with the block load assumptions used. Additionally, all the systems used in the
NRUCFC Headquarters building were not modeled. The four main air handlers and the heat pump that
serves the atrium and main lobby were modeled but the heat pump that serves the stairways and the
radiant flooring in the atrium was not modeled.

Table 2 | System Load Results

System Cooling (ft*/ton) Heating (BTU/h-ft?) Tot?‘l:fsmu;)gl%' Alr
AHU-1 1020.88 28.78 0.80
AHU-2 897.80 31.80 1.06
AHU-3 1088.00 26.93 0.75
AHU-4 843.10 32.52 0.90

HP-3 70.40 110.84 1.77

ASHRAE Guide 280.00 - 1.0-1.6
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Annual Energy Consumption and Operating Costs

The annual energy consumption and operating costs were modeled using the same TRANE Trace model
used for the heating and cooling loads. The cooling plant was modeled as two water cooled chillers with
cooling towers for absorption chillers. The ice storage tank was neglected. The heating plant was
modeled as two natural gas fired boilers. An energy analysis was performed by the design engineer
using a combination of eQUEST, TRANE Trace, and Excel. The analysis was unavailable for comparison.
No schedule was provided so it was assumed that everything was operating 24 hours a day, 7 days a

week.

Energy Consumption

Table 3 below shows a breakdown of energy consumption by system. Figure 1 shows the same results.
The lighting and receptacle loads appear to consume the most energy annually and the cooling energy
consumption appears to be larger than the heating load. The results are inaccurate. The primary heating
should be the largest consumer of energy. The lighting and receptacle values could be off because they
are scheduled to be 100% available when in reality the lighting would be on occupancy schedules and
the receptacle load would consume the most energy during normal work hours. Also, due to
unfamiliarity with the modeling software the heating and cooling plants may not be modeled as
designed. Mircoturbines and a photovoltaic array were not modeled as part of the energy analysis. They
would have led to a reduction in energy consumption for the lighting and receptacle loads.

Table 3 |Energy Consumption
Electric Gas Water. T_o t?' % of Total
System Consumption | Consumption Consumption Building Building
(kWh) (kBtu) L Energy Energy
gallons) (kBtu/yr)
Primary Heating 1,601,655 1,601,655 15.4%
Primary Cooling 504,574 1,616 1,722,111 16.6%
Cooling Compressor 349,405 1,192,518 11.5%
Tower/Cond Fans 41,552 1,616 141,818 1.4%
Condenser Pump 104,857 357,878 3.5%
Other Clg Accessories 8,760 29,898 0.3%
Auxiliary 98,576 336,439 3.2%
Supply Fans 17,633 60,182 0.6%
Pumps 80,942 276,257 2.7%
Lighting 891,231 3,041,772 29.3%
Receptacle 1,075,234 3,669,774 35.4%
Totals 2,569,615 1,601,655 1,616 10,371,751 100.0%
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Primary Heating
15%

Auxiliary
3%

Figure 1 | Energy Consumption

Building Energy Costs

The energy and natural gas rates for Virginia were used and are shown in Table 4 below. The values
were taken from the US Energy Information Administration because no actual utilities bills were
available.

Electricity (S/kWh) .0821
Natural Gas ($/1000 ft°) 10.63
Monthly Utility Costs

Based on the utility rates in Table 4, monthly operating costs were generated. Figure 2 below shows the
monthly operating cost for both electricity and natural gas. The natural gas peaks during the winter
months when the heating load is the greatest. The electric load peaks during the summer months when
the cooling load is the greatest.
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Figure 2 | Monthly Utility Costs -

Technical Report Two |10.26.2011 -



National Rural Utilities Cooperative Finance Corporation Headquarters _

Annual Energy Costs

The annual total operating cost is approximately $229,191.44 per year and $2.38 per square foot. The
annual operating cost is higher than it should be due to modeling errors. As previously mentioned, if the
additional on-site energy producing systems were modeled the utility costs would be lower both
annually and monthly. Compared to Commercial Buildings Energy Consumption Survey (CBECS) tables
(found in Appendix B) provided by the U.S. Energy Information Administration (EIA), the NRUCFC
Headquarters building exceeds the national averages in terms of electrical energy use but is well under
the average for natural gas as shown in Table 5 below.

Table 5 | Energy Consumption (kBtu/ft?)
Electricity
Calculated 91.2
100,001 to 200,000 ft* Buildings 57.7
Office Buildings 58.9
Gas
Calculated 16.6
100,001 to 200,000 ft* Buildings 36.5
Office Buildings 32.8

Building Emission Rates

The emission rates for pollutants have been calculated based on the total energy consumption
determined from the block load model previously discussed. The results for the NRUCFC Headquarters
building pollutants can be found in Table 6 below. The emission factors were taken from tables provided
by the National Renewable Energy Laboratory (NREL) which can be found in Appendix C.

Table 6 | Pollution Emission Rates

Electricity Natural Gas Total

Pollutant | Emission Electric Electric Emission Gas Gas Pollutants

Factor | Consumption Total Factor Consumption | Total (Ibs/yr)

(Ib/kWh) |  (kWh/yr) (Ib/yr) | (Ib/1000 ft®) | (1000 ft*/yr) | (Ibs/yr)

CO2, 1.40E+00 2,569,615 3,597,461 1.97E+00 1,560 3,072 | 3,600,533
CO2 1.33E+00 2,569,615 3,417,588 1.96E+00 1,560 3,057 | 3,420,645
CH, 2.52E-02 2,569,615 64,754 4.00E-05 1,560 0 64,754
N,O 2.81E-05 2,569,615 72 4.00E-05 1,560 0 72
NO, 2.67E-03 2,569,615 6,861 1.78E-03 1,560 3 6,864
SO, 8.04E-03 2,569,615 20,660 1.01E-05 1,560 0 20,660
Cco 9.74E-04 2,569,615 2,503 1.50E-03 1,560 2 2,505
TNMOC 8.77E-05 2,569,615 225 9.82E-05 1,560 0 226
Lead 1.02E-07 2,569,615 0 9.01E-09 1,560 0 0
Mercury 3.24E-08 2,569,615 0 4.16E-09 1,560 0 0
PM-10 7.25E-05 2,569,615 186 1.35E-04 1,560 0 187
Solid
Waste 1.47E-01 2,569,615 377,733 - - - 377,733
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Appendix A | TRANE Trace Templates

Internal Load Templates - Project

8

Aliernative Ia‘-‘«lternative i ;I Apply
Description |OFFICE-1 ]
People. ..
Type IGeneraI Office Space ;I e
Density |1 [Facple | Schedule [avaiable (100%] - oo |
Senshle |250 Btush Latent 200 Btush Delete |
Wiorkstations. . m
Density |1 I work station/person LI
Lighting...
Type IHecessed fluorezcent, not vented, 80% load to space LI
Heatgain |11 |wi/sght =|  Schedule |Available (100%) |

Mizcellaneous loads. .

Type ISh:I Office Equipment

L« L«

Erergy |05 |wiisqht w|  Schedule |Available [100%)
Enr;?é?y I E lectricity ;I
Internal Load I Airflows I Thermostat Conztruction Bioom
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Airflow Templates - Project

Apply ASHRAE Std62.1-2004/2007 |Na -

Type IGeneraI Office Space
Cooling |5 |cfmx’person
Heating |5 Icfmx’person

Schedule | Available [100%)

L] I*_I*_I*_ILEI

Infiltratior...
Type I Meutral, Tight Const.
Coaling |EI.3 Iair changes/hr ;I
Heating |EI.3 Iair changes/hr ;I
]

Schedule I.&vailable [100%)

Alernative I.-'Z\Iternative 1 ;I
Desciiption | OFFICE R
b gin zupply... Avwihary zupply...
Cooling I ITD be calculated ﬂ Cooling I ITD be calculated LI Hew
Heating I ITn:n be calculated ﬂ Heating I ITD be calculated LI Copy |
Wertilation... Std B2.1-2004/2007...

f

Delete

Add Glabal |

ClgEz IEeiIing clg supply, ceiling retuﬂl 4
HigEz I Ceiling zupply > trm+1 5°F[8°Cﬂ| %
Er IDefauIl bazed on spstem t_l,lpejl pA

DV Min 04 Intske [ [None =]

R oom exhaust..
Rate ID

Schedule |Available [100%)

Iair changes/hr

=l
=l

VAN minirmum...
Rate | |2 Cig Aitlows

=
Schedule [Awvailable (100%) |
=

I Default

Type

Internal Load

Airflow [

Thermosztat I Conztruction I Boom

Thermostat Ternplates - Project

Altermnative Alternative 1

Apply

Description

Thermostat settings...
Cooling dry bulb
Heating dry bulb
Relative bumidity
Coaling driftpoirt

Heating driftpaint

=]
=]

Cloze

Capy

Delete

R g

Add Global

Led L

Cooling schedule INDne

Heating schedule INDne
Senzor Locations...

Thermosztat IH.:..:.m

CO2 sensar IFln:n:nm
Hurnidity. ..

Led L

Muoisture capacitance I b edium

Humidiztat location I Foom

Internal Load I Ajrflow

Led L

Thermostat I Construction I Room
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[J) Create Rooms - Single Worksheet

o] & ]

Alternative 1 Apply |
Floom description [ADMIN AREA-294 | Claze |
Ve Length width
Foom IDefauIt ;I Floor... 133 ft I'I ft Mew Room |
Internal | OFFICE-2 =] Recft. @ o oo n Capy |
Airflow | OFFICE - " Equals floar
I _I Delete |
Tetat IDefauIt ;I
wiall...
Constr |2ND ;I
Dezcrption  Length (ft)  Height [f]  Direction % Glass or Oty Length (ft]  Height (i) Window
| o J14 Jo [0 o o fo I =
[ [o [14 Jo [ o o [ =
[ [o [14 [o [ o o o |
Internal loads... Airflows. ..
People |2 IPeopIe vl Cooling vent |5 Icfma’person j
Lighting I‘I A |\,wsq ft vI Heating vent |5 Icfrn.n’person ;I
Misc loads |El.5 IW.-’sq ft 'I VAN minimum | [ g il |
Boormsz Foaofs | Wi allz I Int Loads I Airflows | Partn/Floors
[_aj Create Rooms - Walls El
Altermative 1 Apply |
Fioom description |2 LI
Templates... Wweall...
Roam IDefauIt ;I Tag IW’aII -1 Construct I Face Brick, 4" L'w Concrete, 6" Ins ;I Mew
wiall - 2 wfall
Internal |DATA =l Lengh  [17 & Udfactor [O04030 BtushiteF
Aiflow | DATA =] Height |1 7 ft Tilt |n deg E&Eﬁ'
Tatat - Grnd reflect |1 Directi 0 4
ta IDefauIt J mulipler irection eg Dolete
Constr |1ST j Pt wall area to underfloor plenum I 4 Wall
Openings...
Tag IDpening -1 @ window ¢ Door Mew
Openin
W wallarea [40 % Type |G Tpl LoweE Film [44) Tint 12mm A = | IS
Length i Quantity |0 Copy
I Length [0 & Height [0 ft I Opening
U-factor [0.214  Btuskefte"F  Sh. Coef |'3-22 Ldto RA |D %
) Delete
Shading... DOpening
Intemal I Maone LI
External ICombined Harz. & Yert. Fins - Sample ;I
Single Sheet I Roomsz I Roofs Walls Int Loads I Airflows I Partn/Floors
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Appendix B | CBECS Energy Consumption Tables
Released: September, 2008

Table ETA. Natural Gas Consumption (Btu) and Energy Intensities by End Use for
All Buildings, 2003

Total Natural Gas Consumption MNatural Gas Energy Intensity
(trillion Btu) (thousand Btu/square foot)
Space | Water Cook- Space Water Coaok-

Total | Heating | Heating ing Other Total | Heating | Heating ing Other

All Buildings c..oocooviiniiiiineniinens 2,100 1,420 348 164 168 433 283 T2 3.4 35

Building Floorspaca
(Square Feat)

1,001 10 5,000 oo 257 161 36 42 18 81.0 50.6 11.3 133 58
5,001 10 10,000 . 224 162 33 az T BB.5 383 8.4 8.1 1.7
10,001 to 25,000 ... . 353 273 35 26 19 452 349 45 33 24
25,001 to 80,000 ... 278 202 43 14 Q 422 30.6 6.5 21 3.0
50,001 to 100,000 ..o 277 102 47 14 25 KL 256 6.2 1.8 3.3
100,001 to 200,000 .. 275 187 58 10 20 365 248 77 13 27
200,001 to 500,000 .. . 211 138 44 11 17 358 234 7.5 1.8 29
Cwer 500,000 o 224 115 52 14 4z K 18.3 87 2.4 7.0
Principal Building Activity
Edueation ..o 268 207 37 5 19 38.1 205 52 0.7 27
FoodSales ... 39 27 2 8 a 1.7 356 3.2 11.2 Q
Food Service . 203 B4 56 41 Q 1456 380 40.0 B5.4 Q
Health Cara ... 243 136 74 10 23 453 53.6 289 KR 9.1
Inpatient ... 204 103 71 9 21 113.2 56.8 39.4 52 11.9
Qutpationt .......o.ooooveeeerien 38 34 3 Q a E1.8 456 35 Q Q
Lodging ... . 215 G4 124 14 Q 50.4 156.0 292 a3 Q
Marcantile ... 264 188 19 24 a3 335 239 24 3.1 41
Retail (Other Than Mall} ... 91 a4 3 3 2 314 283 1.0 0g a7
Enclosed and Strip Malls .. 172 104 18 22 31 344 20.8 3.1 43 6.1
Offica ... 269 230 13 3 23 28 28.1 1.6 0.3 28
Public Assamily 102 92 2 k] Q avs 338 04 1.0 Q
Public Ordar and Safaty ............. 29 15 10 a Q 450 24.1 15.1 Q Q
Religious Waorship ... &2 7T 2 3 Q 3.2 291 0.9 1.0 Q
SOOVICE e, 139 119 2 Q 17 E5.8 47.8 0.9 Q Q
Warehousa and S1o0rage ... 132 111 4 aQ Q 241 202 07 Q Q
Other . a7 72 2 Q 12 69.7 57.9 1.7 Q 9.4
WA .o 28 25 Q a Q 237 220 Q Q Q
Year Constructad
Before 1920 143 114 12 15 Q B1.7 41.0 4.4 55 Q
1920 10 1945 232 152 24 18 38 4B6 318 51 38 7.8
1946 10 1959 223 163 35 11 14 450 335 7.2 24 28
1960 to 1969 276 200 47 12 17 448 326 76 2.0 27
1970 10 1979 402 272 T2 8 30 457 31.0 8.2 31 34
1980 10 1982 339 207 T2 28 31 433 26.4 9.2 36 4.0
1990 10 1999 345 226 58 a3 27 s 246 6.3 36 30
2000 1o 2003 140 88 28 17 <] 43 21.0 6.9 4.2 22
Census Region and Division
MOMhEaSt ..o 462 332 51 a4 45 455 327 51 33 4.4
Mew England ......ccoovvieeereennn a7 ) Q Q 5 45.8 36.9 43 28 29
Middle Atlantic 375 263 44 i} 39 452 31.7 52 35 47
Midwest ................ 751 580 a2 az a7 83.1 41.7 58 23 33
East Moeth Cantral ..o 567 452 G2 23 30 548 437 6.0 2.2 29
‘Wast North Central ... 184 137 20 ] Q 4B5 362 54 24 45
Southl e 527 201 129 2] 38 45 181 8.4 4.5 25
South Atlantic ..... 245 132 &0 az 22 337 18.1 8.2 4.4 3.0
East South Central . 107 &8 25 a 5 426 274 10.0 33 18
‘Wast South Cantral 174 a0 44 8 12 3.8 16.5 8.0 5.1 22
West . 360 208 85 2 38 405 234 96 33 43
Mauntain ... 180 132 35 [i] 17 RB.4 40.5 10.8 20 51
Pacific .o 170 76 50 23 21 a0 13.5 8.9 4.0 38
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Released: September, 2008

Table E4A. Electricity Consumption (Btu) Intensities by End Use for All Buildings,
2003

Elactricity Energy Intensity (thousand Btu/square foot)

Space Water Office
Heat- | Cool- | Venti- | Heat- | Light- | Cook- | Refrig- | Equip- | Com-
Total ing ing lation ing ing ing eration | ment | puters | Other
All BUlldings oooooviinniinmnsininnns 50.7 24 6.9 .2 1.3 19.1 0.3 5.4 1.0 2z 6.0

Building Floorspace
(Square Faat)

1,001t 5,000 ... 606 29 6.8 28 1.7 14 8 1.1 M2 1.2 18 6.0
5,001 1o 10,000 440 26 5.7 28 1.1 14.3 07 8.6 0.5 1.4 58
10,001 to 25,000 ... 388 21 4.4 4.1 1.1 14.7 0.2 45 0.8 1.8 5.1
25,001 to 850,000 ... 437 2.0 B.8 E.1 1.3 154 0.2 4.0 0.8 1.9 53
50,001 to 100,000 ... 50.8 27 7.5 7.6 1.4 19.6 0.3 34 0.7 2.0 58
100,001 1o 200,000 .......coovvenene 57.7 2.3 8.0 89 1.1 23.0 0.1 2.8 1.3 3.2 6.7
200,001 1o 500,000 ... 518 1.5 7.4 7.5 08 23.0 0.2 1.3 1.1 27 6.2
Cver B00000 5.4 30 a0 Ba 15 287 03 24 12 32 73
Principal Building Activity
Education ........cccocoveeiiiiiie 3Te 1.5 7.5 8.4 1.1 11.5 0.2 1.6 0.4 33 21
Food Salas 168.5 5.1 9.9 6.0 Q 37.2 1.9 96.1 1.6 1.5 8.1
Food Service ... 1308 6.3 17.0 14.8 6.3 254 8.1 421 1.0 1.0 89
Health Care .......ooovieeececeee 78.3 1.9 10.6 13.3 0.8 331 0.2 2.6 1.2 32 11.3
Inpatiant .... 937 1.6 13.0 200 1.1 401 04 20 1.1 36 109
Qutpatient . 55.0 23 7.0 33 0.3 226 0.1 3.5 1.3 26 12.0
Lodging ... 46.1 28 4.7 27 23 243 0.4 2.3 Q 1.2 47
Marcantile .......oooovvenenes G55 52 a.7 6.0 34 275 0.2 44 0.7 1.0 T4
Retail (Othar Than Mall) .......... 48 8 1.5 5.9 37 04 257 0.1 5.0 06 09 51
Enclosed and Strip Malls ......... 8.0 75 122 7.5 52 286 0.3 40 0.8 1.1 8.8
OFFICE e 58.9 27 8.3 52 0.6 231 0.1 2.8 26 6.1 7.5
Public Asgambly ......... 426 1.3 849 18.8 0.1 7.0 0.1 2.2 a 0.5 58
Public Ordar and Safety 52.3 1.8 7.2 8.5 30 16.5 0.1 2.8 0.6 1.5 9.2
Religious Worship . 16.6 0.8 2.8 1.4 0.1 4.4 0.1 1.7 0.1 0.z 449
SEVICE e TE 1.4 3.8 6.1 0.1 15.8 Q 2.2 0.3 08 7.0
Warahouza and Smrgg.g ) 259 0.5 1.4 2.2 0.2 14.0 Q 38 02 05 3.2
[0, 11 OO 76.8 1.4 .3 6.1 0.3 34.3 Q 6.0 ] 249 128
WACEN e 83 a5 0.8 0.5 o] 24 Q 0.2 Q 0.1 37
Year Constructed
Bafore 1920 .. 242 0.5 1.7 25 L] 9.2 0.3 45 0.6 0.9 3.2
1920 10 1945 321 07 25 4.5 0.4 13.8 0.2 g 0.4 1.2 4.6
1946 1o 1958 .. 35.0 1.5 4.0 5.1 08 13.3 0.3 38 0.6 1.6 42
1960 to 1969 .. 418 1.8 54 6.2 0% 14.8 0.1 48 0.8 2.2 5.0
1970 10 1878 571 33 7.4 71 1.5 220 0.3 53 1.1 24 6.7
1980 10 1989 64 2 34 48 B.7 20 242 04 6.0 14 32 T4
1930 to 1999 .. &0.1 27 9.0 73 1.6 214 0.5 6.7 1.3 27 6.8
2000 to 2003 576 24 89 6.2 1.2 225 0.5 6.7 0.7 1.8 6.3
Censug Region and Divigion
Mortheast ... 422 2.4 3.1 55 0% 17.2 0.2 45 0.5 23 53
MNew England ... 411 29 2.4 45 1.3 16.1 0.3 6.1 0.7 2.0 49
Middle Atlantic . 428 22 34 58 07 175 0.1 4.0 1.0 2.4 54
Midwast ... 451 3.0 32 6.2 0.5 17.7 0.3 5.2 0.5 2.0 58
Eazt Morth Cantral ... 47.0 27 3.1 6.8 08 18.9 0.3 51 1.0 2.2 6.1
Wast Morth Central .................. 408 36 34 48 0g 15.0 0.2 5.4 0.7 1.8 51
South . 593 20 11.8 B8 18 209 05 6.4 08 22 6.3
South Atlantic ......... G625 2.2 11.1 7.2 2.1 225 0.6 6.9 0.5 27 6.4
Eazt South Central . 55.2 2.4 7.5 6.9 1.5 20.4 Q 71 0.6 1.8 6.8
Wast South Cantral ... B5.7 1.3 137 8.2 1.5 185 0.4 5.5 0.7 1.7 6.0
Wast 503 23 6.5 57 1.1 19.5 0.3 47 1.6 2.4 6.2
Mauntain 55.7 31 7.3 B.5 1.1 228 0.2 48 Q 22 6.4
Pacific oo 477 2.0 8.1 5.4 1.1 18.0 0.3 4.6 1.7 25 8.0
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Appendix C | Emission Factor Data
Total Emission Factors for Delivered Electricity by State (b of pollutant per kWh of electricity)

Pollutant (Ib) RI SC sD TN T uT VA vT WA Wi Wv wy

€Oz 1.18E+00| 1.00E+00 | 1.45E+00 | 1.46E+00| 1.99E+00 | 2.62E+008 1.40E+0CQ 1.88E-02| 4.11E-01 | 2.03E+00| 2.41E+00 | 2.67E+00
CO: 1.04E+00| 8.57E-01| 1.36E+00 | 1.40E+00 | 1.85E+00| 2.51E+00 1‘33E+DDI 1.78E-02| 3.82E-01| 1.92E+00| 2.31E+00 | 2.52E+00
CH, 5.65E-03 | 1.72E-03 | 3.02E-03 | 2.43E-03| 5.80E-03 | 4.21E-03) 2.52 E—DBI 2.25E-05| 1.13E-03 | 4.13E-03| 3.85E-03 | 5.42E-03
NzO 2.04E-05| 2.12E-05| 3.91E-05| 3.28E-05| 4.37E-05| 5.53E-05f 2.81 E—DEI 1.70E-06 | 1.05E-05| 5.32E-05| 5.08E-05| 7.30E-05
NOx 7.91E-04| 1.90E-03| 2.45E-03| 2.77E-03| 2.42E-03| 5.00E-03§ 2 STE—DSI 1.38E-04| 6.13E-04| 3.51E-03| 4.62E-03| 4.58E-03
SOx 9.90E-03| 5.73E-03| 3.97E-03 | 7.32E-03| 1.05E-02( 1.47E-02 8.04E-DE§I 1.13E-04 | 1.70E-03 | 6.60E-03| 1.35E-02 | 7.05E-03
co 8.52E-04 | 3.22E-04 | 5.26E-04 | 4.14E-04 | 5.77E-04 | 6.83E-04f 9.74E-04) 5.80E-05| 1.80E-04 | 7.13E-04 | 6.50E-04 | S.00E-04
TNMOC 9.92E-05| 4.89E-05)| 4.12E-05| 4.17E-05| 8.22E-05| 5.78E-05 S.TTE-DSI 1.02E-04 | 3.74E-05| 8.26E-05| 5.26E-05| 7.43E-05
Lead 6.87E-09| 7.66E-08 | 1.47E-07 | 1.24E-07 | 1.49E-07 | 2.08E-07Q 1 .02E-D7I 6.33E-10| 3.21E-08 | 1.97E-07 | 1.92E-07 | 2.77E-07
Mercury 4.08E-09| 1.62E-08 | 3.01E-08 | 2.50E-08 | 2.96E-08 | 4.15E-08Q 3.24 E-DBI 1.03E-08| 6.62E-09 | 4.01E-08| 3.87E-08 | 5.54E-08
PM10 T.02E-05| 4.61E-05| 8.12E-05| 6.75E-05| 1.37E-04 | 1.14E-048 7.25E-058 7.67E-06| 2.46E-05| 1.11E-04| 1.05E-04 | 1.48E-04
Solid Waste 1.31E-02 | 1.17E-01| 2.26E-01| 1.81E-01] 1.82E-01| 3.20E-018 1.47E-018 2.83E-04 | 4.96E-02 | 3.03E-01| 2.85E-01] 4.26E-01

Emission Factors for On-Site Combustion in a Commercial Boiler (Ib of pollutant per unit of fuel)

Commercial Boiler
i ' igni Residual isti
PG|{||L:]ant Eltgrgér:?us IE‘.IE:l“’E L Fuel Oil Bl':ll.?:.‘lll l-:;a:-ti? —

1000 Ib 100016 | 1000 f2 **= 1000 gal 1000 gal 1000 gal
COze 2.74E+03 | 2.30E+03 1.23E+02 2 56E+04 | 2.28E+04 1.35E+04
CO: 2.63E+03 | 2.30E+03 1.22E+02 255E+04 | 2.28E+04 1.32E+04
CHa 115E-01 | 2.00E-02 2 50E-03 2.31E-01 2 32E-01 2. 17E-01
N2O 3 68E-01 NDT 2 50E-03 1.18E-01 1.19E-01 9.77E-01
NOx 5.75E+00 | 5.97E+00 1.11E-01 6.41E+00 | 2.15E+01 1.57E+01
SOy 1.66E+00 | 1.29E+01 6.32E-04 4.00E+01 | 3.41E+01 0.00E+00
co 2 89E+00 | 4.05E-03 9.33E-02 534E+00 | 5.41E+00 2 17E+00
voC NDT ND T 6.13E-03 3.63E-01 | 2.17E-01 3.80E-01
Lead 1.79E-03 | 6.86E-02 5.00E-07 1.51E-06 NDT ND T
Mercury 6.54E-04 | 6.54E-04 2 BOE-07 1.13E-07 ND T ND T
PM10 2.00E+00 ND T 8.40E-03 4.64E+00 | 1.88E+00 4.89E-01
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