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EXECUTIVE SUMMARY

This inventory report was prepared Ibg tDepartment dflatural Resources and Environmental
Control (DNREC), Division ofAir Quality (DAQ) for Delaware to present the findings of the

2010 Greenhouse Gas (GHG) emissions inventory. This inventory report was prepared to
accounffor GHG enissions and sinksn theState of Delaware. The inventory includes

Delaware GHG emissions from1990 to 2010 as well as emission projections from 2011 t02030.
In addition to emissions data, this repmvides information onemissionsources andctivities,

as well asnventorymethods

Delawar® s a nt hGbl@ emissiansvere developed using a set of generally accepted
principles and guideliness well as protocol®r State GHG emissions inventories established
by the U.S. Environmental Protection Agency (EPA) and hatigsnal Organization for
Standardization (ISO). ThHeéeneral Methodology and Assumptiaection of this report
describes the principles and general methods applied to this GHG inventory process.

GHG emi ssi ons f r om pleshtantlasrepdt byussng aiconomers medic, e
carbon dioxidesquivaleits (CO,€), whichaccounts fothe relative contributions of each gas to
globalaverage radiative forcing on a Global Warming Pua(GWP) weighted basisThe
emissions estimates this reportare represented million metric tons of C@equivalens

(MmtCO,e).

To develop the annual emissions of GHGs from Delaware for the period of 1990 to 2010 with
projections, emissions estimations were perfo
(SIT) as well as the projection tool (PT). The SIT and the PT con$istSExce® spread

sheets, which facilitate the collection of activity d@tformation on the extent to which human

activity takes plac&and emission factorsdefficients which quantify emissions or removal per unit

activity)* that are based on economic activitissDelaware. Projection of GHG emissions are

estimated by utilizing the U.S. Energy Information Administration Annual Energy Outlook data

as well as other economic data that are used to predict GHG emissions.

! Sinks:Removal or sequestration of greenhouse gases from the atmosphere.

The term fanthropogenico, in this context, refers to greenho
activities or are the result of natural processes that have been affected by human activities (IPCC/UNEP/OECD/IEA 1997)

32006 IRCC Guidelines for National Greenhouse Gas Inventories

42006 IPCC Guidelines for National Greenhouse Gas Inventories

5 This includes fossil fuel combustion, industrial processes, agricultural activities and waste management



SOURCES OF GHG EMISSIONS AND TRENDS

The 2010 GHG inventory estimated GHG emissions from various sources. Data collection was
performed by characterizing the sources into eight economic sectors of Delaware including
electric power, transportation, industrieesidential, commercial, agricultural, waste

management and lange, laneuse change & forestry (LULUQF To estimate GHG emissions,
each economic sector was subdivided based on subsectors and economic activities, as well as

methodologies.

Between 990 and 2010, GHG emissions from Delaware added a cumulative amount of 386.99

million metric tons of carbon dioxide equivalents (Mm#@§io the atmospherén 2010,

Del awar ®3HS engissionsvas equivalent to 13/8entCOse. Al so in 2010, C
net GHG emission was equivalent to 12.48 Mm#&0OFrom 1990 to 2010, gross GHG

emissions decreased by approximately 31%, while net emissions decreased by approximately
37%.Del awar eds gr os slOraHeGp approxisnatélydR% of grosg 0.SGH

emissions (6,821.8 MmtG®)’.

Figure ES1 presents a breakdoWo f GHG emi ssions in 2010 by De
sectors. The largest source of GHG emissions in #@Hthe transportation sectdihe

transportation sector represented 34% of gross @(Ssions in 2010 as presented in Figure

ES1. This was followed by the electric power sector with approximately 31%.The industrial

sector was the third largest emitter of GHG emissions in 2010 representing approximately 16%

of gross emissions that yearile all other sectors including residential, commercial, agriculture

and wastenanagemendll represented approximately 8%, 6%, 4% and 1% respectigely

presented in Figure EB

Figure ES2pr esent s D e'{Ga@ anmissidns projjle fom $936 2010. It shows

that in general, GHG emissions in Delawarebs

® Gross GHG emissions excludeetric tons of CG@e removed from the atmosphere (sink)

"The landuse category was a sink for the rema®@l, from 1999to 2010 because it generatehative C@emission

®In 1990, gross emission waguivalent tmet emission (19.78MmtC®) becauséhere was no negative emission.

°U.S. EPA: 2012 Inventory of U.S. GreenhousssEmissions and Sinks:199D10

YFigure 1 percentages are b d360#mEqeardeadtthematenissiensifA8 ss emi ssi on.
MmtCO.e.

11 Gross emissionmcluded all positive emissions includes all positive emissions and excludes all negative ernmsid990

to 2010



to 2010 with some fluctuations. Greenhouse gas emissions decreased from 19.78&&IimtCO
1990 to 13.60 MmtCe in 2010, a decrease of approxima@l9s. This decrease occurred at
the annual rate of 0.24 MmtGOper year with GHG emissions peaking at 20.95 Mm&CO

FIGURE ES-1. 2010DELAWARE GHG EMISSIONS BY ECONOMIC SECTOR
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FIGURE ES-2.DELAWARE 66 GROSSGHG EMIssION FROM 1990T10 2010
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FigureES-3 presents nét GHG emissions from 1990 to 2010. Emissions decreased from 19.78
MmtCO.e in 1990 to 12.48 MmtC#@ in 2010 as presented by Figure ES his was a decrease
of approximately 37% at the rate 0.32 Mmt@&@er year.

FIGURE ES-3. DELAWARE &6 NET GHG EMISSIONS FROM 199010 2010

25.00
20.00

15.00

MmtCO ,e

10.00

5.00

O d AN M T IO OMMN0OO O AN MM I OO O

D OO OO O)O) O)O) O)O) OO O OO OO OO ODOoOoOoOo d

OO OO OO O O O O OO OO O OO OO OO OO o o

™ A A A 1 AN AN AN AN NN NN AN NN
Year

Figure E&4 presents GHG emissions by economic sectors. Figudedb®Bws that the largest

emissions sources in Delaware included the electric power, residential and industrial sectors.

In this report, lthree sectors are known as Big) Threebecause their combined GHG

emi ssions represented approxi mately 81% of De
presents, GHG emissions from tBig) Threeintersectedetween1998 and 2002. For most of the

yeas between 1990 and 2010, electric power GHG emissions exceeded emissions from the other

two sectors.

However, in 1999, GHG emissions from the industrial sector was the largest, while
transportation was second followed by electric power GHG emissions. And in 2010, the

transportation sector GHG emissions again exceeded the electric power sector GHG £mission

2 Net GHG emissions include all emissions including negative and positive emissions from 1990 to 2010.
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while industrial sector GHG emissions decreased significantly from 2009 to 2010 as Figure ES

shows.

FIGURE ES-4. DELAWARE 68 GHG EMISSIONS BY ECONOMIC SECTOR
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As the analysis indicates, the driving force for GHG emissions is largely energy coiosuimpt

all economic sector$ Energy related activities specificallgdsil fuel combustionwas the

largest source of GHG emissions because in 2010, it represented approximately 90% of gross
GHG emissions from Delawardn addition, CQ emission from tfs source makes up
approximately 90% gross emissioAs. the overall amount of fossil fuel combustedrdased

from 1990 to 20, gross GHG emissiorfsom Delawarealso deceased

Reference Case GHG Emissions projectson

The overall decline ihistorical GHG emissions is not projected to continue over time.

Projection analysf$ shows that gross GHG emissions from Delaware is expected to trend
upwards overtime. Gross Figure-b$resents projected GHG emissions by economic sectors in
2030. Greenbuse gas emissions from the transportation sector are projected to be approximately

36% in 2030. This will be a 2 % increase from 2010. The Electric power sector is projected to be

BEnergy related activities are activities that involve fossil fuel combustion for energy use.
14 Projection analyss for all economic sectors adéscussed in fronsection 4.1 through 4.7.
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the second largest emitter of GHGs representing approximately 26% in268fuee ESH

presents. This will be a decrease of 5% from 2010. Conversely, industrial GHG emission is
projected increase by 5% from 2010, representing approximately 21% in 2030. Residential sector
GHG emission is projected to represent approximatelysbdecrease of 2% from 2010.

However, GHG emissions from commercial, agricultural and waste management sectors of the

economy are all projected to represent approximately 6%, 4% and 1% respectively in 2030.

FIGURE ES-5. DELAWARE 65 2030GHG EMISSIONS BY ECONOMIC SECTOR
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Greenhouse gas emissions from Delaware are projected to add approximately 292.83&vimtCO
to the atmosphere between 2011 and 2030. Figw® r8sents projected gross GHG emissions
from Delaware from 2011 to 2030. Gréenise gas emissions are projected to increase from
13.29 MmtCQe in 2011 to 15.3MmtCO.e in 2030. This will be an increase of approximately
16% at the rate of 0.092 MmtG©per year.

Cumulative net GHG emission between 2011 and 2030 is projecte@82® MmtCQe.
Figure ES7 presents projected net GHG emissions from 2011 to 2030. Greenhouse gas
emissions are projected to increase from 12.98 Mm(G®2011 t014.68 MmtCg in 2030.
This will be an increase of approximately 13% at the rate of 0.07#80®,e per year.
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FIGURE ES-6. DELAWARE & PROJECTED GROSSGHG EMISSIONS FROM 2011102030
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FIGURE ES-7. DELAWARE &5 PROJECTED NET GHG EMISSIONS FROM 2011102030
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FigureES-8 presents projected GHG emissions by sector from 2011 to 2030. Projection analysis
shows that most of the economic sector emissions are projected to increase over time as. As

Figure ES8 presents, thBig Threesectors are expected to continue to exicall other sectors
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in terms of GHG emissions. The transportation sector is projectelargest source of GHG
emissions from 2011 to 2030. This will be followed by the electric power sector and industrial
sector as shown in Figure EBSOther sectorsuch as residential, commercial, as well as
agricultural are projected to have lower emission over time. However, the waste management

sector is expected to have negative GHG emissions from 2011 to 2030.

FIGURE ES-8. DELAWARE 65 PROJECTED GHG EMISSIONS BY SECTOR
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GHG Emission Trends by Economic sectors
The 2010 GHG emisssions inventory characterized GHG emissions into eight econmic sectors of
Delaware. The emssion trends and analytical findings of those sectors are summerized below:

Electric Power Sector

The electric power sector added a cumulative amount of approximately 127 MentCO

GHG emissions to the atmosphere between 1990 and 2010. The emission of GHGs in this
sector was driven primarily by the combustion of fossil fuel§ stsccoal, natural gas and
petroleum products in order to generate electricity. In 2010, the electric power sector
represented approximately 31%, the second largest source of emissions as Fijure ES
presents. Figure ES shows that emissions decreasedificantly from 7.60 MmtCGQe in

1990 to 4.23 MmtCee in 2011, a decrease of approximately 44% at the rate of .123
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MmtCO.e per year. Projection analysis shows that this sector is expected to add an additional
73 MmtCQe in GHG emissions from 2011 to 20&ectric power GHG emission is

expected to stabilize with slight increases between 2011 and 2030 as Figush&gs.

Annual emissions are projected to increase by approximately 30% from 2011(3.06

MmtCO.e) to 2030 (3.98 MmtCé@) at the rate of 0.05 MmMtGO per yearDecreasing

emissions in the electric power sector were attributed to decreasing consumption of

electricity due to a diminished industrial base.

FIGURE ES-9. ELECTRIC POWER SECTOR GHG EMIsSSIONS FROM 1990T10 2030
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Transportation Sector

Between 1990 and 2010, the transportation sector added approximately 106 MnotCO
the atmospheré\pproximately 98% of GHG emission was €€émission from gasoline
combustion in automobiles. In 2010, the transportation sector represented the largest
sour@ of GHG emissions with approximately 34% as Figurelfpffesents. Figure ES

10 shows that GHG emission from the transportation sector trended downwards with
major fluctuations. GHG emissions decreased from 4.76 Mpe@0O1990 to 4.64
MmtCO,e in 2010, alecrease of approximately 2.5% at the rate of 0.008 Mre@ér

year.



Projected transportation sector GHG emission shows that a cumulative amount of
approximately 111 MmtCg in GHG emissions is expected to be added to the
atmosphere from 2011 to 20300fection analysis shows that emissions are expected to
stabilize with a slight decrease from 2011 to 2030 as Figw®0ESesents. Emissions

are projected to average approximately 5.55MmCahnually between 2011 and 2030.
The projected rise in GHG emisas presented in Figure was attributed a steady

increase in Delawareds population, which

FIGURE ES-10. TRANSPORTATION SECTOR GHG EMIssIONS FROM 199010 2030
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Industrial Sector

The industrial sectadded a cumulative amount of approximately 92 Mn€io GHG
emissions to the atmosphere between 1990 and 2010.In 2010, GHG emissions from this
sector represented 16% of gross GHG emissions in 2010. As Figure 8sents,

GHG emissions from this sectibad a concave profile peaking at 5.23 Mm$€w 1995

and decreasing significantly to 2.17 Mmtg&0n 2010, a decrease of approximately 60%.
This decrease in industrial sector emissions was influenced by declining productivity in

this sector due to a slomg economyand loss of heavy industas represented by the

W



significant decrease from 2008 2009 presented in Figure HSEmissions analysis

shows that GHG emissions deceased at the rate of 0.074 Menge©year.

Cumulative GHG emission from this $ecis projected to add up to 57 Mmtgfrom

2010 to 2030. Projected emissions presented in FigwELEBedict a steadily

increasing annual GHG emission from this sector. Emissions are projected to increase
from 2.39 MmtCQe in 2011 to 3.27 MmtC4@ in2030, an increase of approximately
37% at the annual rate of 0.038 Mmte(er year.

FIGURE ES-11.INDUSTRIAL SECTOR GHG EMISSIONS FROM 1990T10 2030
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Residential Sector

The residential sector added a cumulative amount of approximately 24 Mentx€O

GHG emissions to the atmosphere from 1990 to 2030. GHG emissions in this sector were
driven by fossil fuecombustion for heatingn 2010, GHG emissions from the

residential sector represented approximately 8%. As FigwE2EBistorical emissions

from 1990to 2010 show major fluctuations. Emissions peaked atNMIrBECO,e in 2003

and it fluctuated downward to 1.0fmtCO, in 2010, a decrease of approximately 18%.

Cumulative GHG emission from this sector is expected add 20 Mget€@Qhe
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atmosphere from 201tb 2030. As Figure ES present, GHG emission from this sector

is projected to represent approximately 6% of gross GHG emissions from Delaware.

Projected emissions show that from 2011 to 2030, GHG emission is expected to stabilize
decreasing steadily bohly slightly from 1.06 MmtC@ in 2012 to 0.96 in 2030, a

decrease of approximately 9%. Over time, GHG emissions form the residential sector is
not expected to decrease significantly but remain stable with minor fluctuations

depending on future weathertfgans.

FIGURE ES-12.RESIDENTIAL SECTOR GHG EMISSIONS FROM 1990T10 2030
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Commercial Sector

The commercial sector added approximately 14 Mm#d0® GHG emissions to the
atmospherérom 1990 to 2030. Like the residential sector, commercial sector GHG
emissions are driven primarily by fossil fuel combusfimmheating purposes$n 2010,
commercial sector GHG emissions represented approximately 6% of gross GHG
emissions from Delaware as presented in Figurd B Figure ESL3 presents,

historical GHGemissions fluctuated upwards from 1990 to 2010, GHG emissions from
this sector increased from 0.58ntCO.ein 1990 to 0.84 MmtCee in 2010, an increase
of approximately 45% at the rate of 0.01 Mmt@Q@er year.
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Projected emissions show that between 281d 2030, the commercial sector is expected
to add a total of approximately 19 Mmt@o the atmosphere. In 2030, commercial
sector GHG emission is expected to remain 6% of gross GHG emissions from Delaware
as presented in Figure E55 As Figure ESL3 presents, GHG emissions are projected to
increase from 0.80 MmtC@ in 2011 to 0.98ImtCO,e in 2030, an increase of
approximately 23%. The projection profile in Figure-ESshows that emissions from

this sector are projected to rise steadily at the rateD67AVimtQe per year.

FIGURE ES-13.COMMERCIAL SECTOR GHG EMISSIONS FROM 199010 2030
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Agricultural Sector

Agricultural sector GHG emissions added a total of 12.47Mm¢GOGHG emissions to

the atmosphere from 1990 to 2010.FigurelEshows that GH@missions represented

only approximately 4% of gross GHG emissions in 2010. The GHG emissions from this

sector fluctuated downward from 0.60 Mmt&0n 1990 to 0.583IMtCO,e in 2010, a

decrease of approximately 11%. Thextease was partlydt@De | awar eds shrin
agricultural base as a result of land development, as well as improved agricultural

practices that minimize emissions as well as increase carbon storage and sequestration.
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Figure ES14 shows that GHG emission from the agriculturataeis projected to

basically remain stable with a slight decrease from 2011 to 2030. The cumulative GHG
emissions projected to be added to the atmosphere is IndZO.e between 2011 and
2030. Greenhouse emission from the agricultural sector is projectemain at 4% of
gross GHG emissions from Delaware as FiguresEfBesents. Average annual emissions
is projected to be 0.57 MmMtGO®

FIGURE ES-14.AGRICULTURAL SECTOR GHG EMiIssIONS FROM 1990T10 2030
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Waste Management Sector

Greenhouse gas emissifsam the waste management sector includes municipal solid
waste (landfills) and wastewater treatment methane emissions. This sector added a total
of approximately MmtCO.e in GHG emissions to the atmosphere from 1990 to 2010.
The waste management seatepresented only approximately one percent of gross GHG
emissions according to Figure HSAs Figure ESL5 presents, emissions decreased
sharply by approximately 79% from 1990 to 2010. This sharp decrease in GHG
emissions from this sector was driven mginy sharp decreases in methane emissions

from landfill activities. Activities such as flaring and landfill gas to energy conversion

Xiv



(energy recycling) served as emission sinks fog @idissions in the waste management

sector.

Projection analysis as pesged in Figure E45 shows that the waste management sector
is expected taontinue to b@ major sink for methane emissidnsm Delaware landfills
Landfill activities in the waste management sector are projected to remove a cumulative
amount of 8.03 MICO,e in GHG emissions from 2011 to 2030. The removal of GHG
emissions from this sector is expected to increase steadily at the rate of .001 mtCO

per year as presented in Figure BB

FIGURE ES-15.WASTE MANAGEMENT SECTOR GHG EMISSIONS FROM 199010 2030
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Land-use, Land Use Change and ForestBmission Analysis

The 2010 GHG emissions inventory identified the asd sector as a major stikor

GHG emissions in Delaware. Between 1990 and 1998, the land use sector had positive
emissions totaling 2.09 MmtG®. The emission of GHGs in this sector was driven by

the decay of dead biomass materials and forest Alrding to Figure ES6, né¢

GHG emission from this sector was negative from 1999 to 2010. The removal of GHGs

15 A sink is theremoval of GHG from the atmosphere
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in this sector peaked in 2006 with a net GHG removal of 1.17 Mag@®indicated in
Figure ES16. Net GHG removed from the land use sector totaled 11.04 Myatft@n
1990and 2010.

The analysis of the land use sector highlights the potential for carbon sequestration

projects in Delaware as part of a statewide GHG emissions reduction strategy. The IPCC
identified two types of GHG emission reduction opportunities in #a$os, which

includes changing the use of |l and and <chan
Fourth Assessment Report on climate change (20@¢)uded example of how land use

change can reduce emissions or sinks can be enhanced.

FIGURE ES-16. LAND-USE GHG SEQUESTRATION
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Indirect GHG Emissions from Electricity Consumption

Indirect GHG are emissions associated with consuming electricity that is produced in
Delaware as well as imported. This source category describes the electric power
consumption pattern of Delawareans in terms of GHG emisdiaisect CQ emission

is CO, emission that is estimated based on the amount of kildhwatt consumed by

18|PCC FourthAssessment Rep IPCC Fourth Assessment Report: Climate Change 2007
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endusers of electricity. Estimates of indir€aHHG emissions do not include electricity
generated from fossil combustion. Indir€G estimates were included in the 2010
GHG inventory to show how electricity demand in Delaware imp&eiss emissions.
Direct GHG emissions from electricity generation were separated from indiregct CO
emissions to avoid the double counting of emissions estimates.

Between 1990 and 2010, the totaliredt GHG emission from Delaware was estimated
at approximately 118 MmtCg@. As Figure EQ7 presents, indirect GHG emissions
increased from 4.40 MmtG®@ in 1990 to 6.00MmtCOse in 2010, an increase of
approximately 36%The rate of annual increase wietermined to be 0.095 MMtGO©

per year.

Indirect GHG emissions are expected to continue to increase linearly as Figlire ES
shows. Projected indirect GHG emissions are expected to increase frolnet8D,e

in 2011 to 8.53VimtCOye in 2030, an increasé approximately 23%. The rate of annual
increase was determined to be 0.091 Mn€Qer year.

FIGURE ES-17.INDIRECT GHG EMISSIONS FROM 1990T10 2030
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TABLE ES-1. GHG EMISSION ESTIMATES BY SECTORS

Economic Sectors 1990 2000 2010 2020 2030
Electric Power 7.60 5.27 4.23 3.72 4.00
CO2 from FFC 7.49 5.20 417 3.70 3.99
CH4&N20 from FFC 0.03 0.02 0.02 0.02 0.02
SF6 from T&D 0.08 0.05 0.04 0.01 0
Transportation 4.76 5.34 4.64 5.62 5.48
CO2 from FFC 453 5.08 4.55 5.55 5.41
CH4&N20 from FFC 0.23 0.27 0.09 0.07 0.07
Industrial 4.26 4.97 2.17 2.88 3.27
CO2 From FFC 4.04 4,58 1.55 2.12 2.34
CH4&N20 from FFC 0.01 0.01 0.00 0.00 0.00
CH4 from IP 0.01 0.01 0.09 0.10 0.11
CO2 from IP 0.20 0.16 0.20 0.12 0.09
HFC, PFC Emissions 0.00 0.21 0.33 0.54 0.73
Residential 1.08 1.23 1.07 1.00 0.96
CO2 from FFC 1.07 1.22 1.06 0.99 0.95
CH4&N20 from FFC 0.01 0.02 0.01 0.00 0.00
Commercial 0.58 0.63 0.84 0.93 0.98
CO2 from FFC 0.58 0.63 0.83 0.93 0.98
CH4&N20 from FFC 0.00 0.00 0.00 0.00 0.00
Agricultural 0.61 0.63 0.53 0.57 0.57
Enteric Fermentation 0.05 0.05 0.04 0.04 0.04
Manure Management 0.19 0.20 0.19 0.23 0.24
Ag Soils 0.37 0.38 0.30 0.30 0.28
Agricultural Residue Burning  0.00 0.00 0.00 0.00 0.00
Waste Management 0.578 0.457 0.123 (0.391) (0.578)
Wastewater Treatment 0.063 0.076 0.088 0.100 0.112
MSW 0.515 0.381 0.035 (0.491) (0.690)
Total GHG 19.47 18.52 13.60 14.33 14.68
Land Use/Forestry 0.31 (1.12) (1.12) 0 0
Total GHG with Land Use 19.78 17.40 12.48 14.82 15.37
Electricity Consumption 4.40 5.99 6.00 7.68 8.53
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GHG EMIssIONS By GAs

The 2010 GHG inventory estimated emissions for the six Kyoto GHGs. They include carbon
dioxide (CQ), nitrous oxide (MO), methane (CkJ, hydrofluorocarbons (HFCs),
perfluorocarbong¢PFCs) and sulfur hexafluoride (§F

FIGURE ES-18. 2010DELAWARE 8 GHG EMISSIONS BY GAS
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Figure ES18 presents a breakdown of emissions by GHGs in Z0d®hon dioxide emissions
represented thiargest emissions of GHGs with approximately 91% of gross emissions from
Delaware. This was followed X representing approximately 4%. The combined emission of
HCF, PFC and Sfrepresented approximately 3%, while Odpresented 2% of gross GHG

emissiongrom Delaware.

Figure ES19 presents a breakdown of GHG emissions by GHGs in ZD&on dioxide is
projected to remain the most emitted GHG representing approximately 90 % of gross GHGs
emitted in 2030. The combined emissions of HFC, PFC agis$Fqgected to be as distani®
representing approximately 7% of gross emissions, followed,Byaissions, which is

projected to represent approximately 4%. Methane emission was not represented in Fifure ES

because it was projected to be negagiressions in 2030.

Carbon Dioxide: The emission of C@was driven by fossil fuel combustion in all

sectors of Del awareds economy. Betwanen 199
CO; emissions as added to the atmosph@agbon dioxide was the largesintributor to

GHG emissions representing approximately 91% in 2010, and projected to represent
approximately 90% in 2030Most of the CQ emissions, approximately 98% came from

fossils fuel combustion. Carbon dioxide emissions trended downwards with maj

fluctuations.

As Figure ES20 presents C£emissions in decreased from 17.90 MmE@ 1990 to
12.36 MmMtCQe in 2010, a decrease of approximately 31%. However, gross CO
emission is projected to increase steadily from 12.02 Mrpg@®2011 to 13.55
MmtCQOe in 2030, a decrease of approximately 18#onomic activities in Delaware
are projected to add 264 Mmt@&xo the atmosphere from 2011 to 2030.
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FIGURE ES-20.CO; EMIssIONS FROM 199010 2030.
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Methane:From 1990 to 2030, approximately ntCO,e in CH, emissions was added
to the atmospher&igure ES21 shows that ClHemissions decreased significantly from
0.69 MMtCQe in 1990 to 0.27 MmtC4@ in 2030, a decrease of approximately 61%.
This decrease in CHemissions was driven by landfill gas recovery activities that
mitigate the impact of CiHemissions. These activities included flaring and landfill gas

conversion to electricity

Methane emissions are projected to decrease significantly-@& MmtCQe in 2011
to-0.41 MmtCQe, a decrease of approximately 612%. Cumulatively, a total of
approximately 5MmtCg@ i s projected to be removed
between 2011 and 2030.
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FIGURE ES-21. CH4 EMISSIONS FROM 1990T10 2030.
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Nitrous Oxide: From 1990 to 2010, approximately 16 Mmtg&0n N,O emissions was

added to the atmosphere.

FIGURE ES-22. N,O EMISSIONS FROM 199010 2030.
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Figure ES22 shows that pO emissions decreased gradually from 0.80 Mm#Ci©@
1990 to 0.60 MmtCee in 2010, a decrease of approximately 25% .This decreas®in N
was driven by improved farming activities as well as Delaware shrinking agricultural

base due to land use change.

Projected emissionsofz@ f r om Del awar eds ec oemovehwflatar e pr
with a slight decrease of approximately 3% from 2011 to 2030 as Figu2& Bisows.
Economic activities in Delaware are projected to add approximately 11 My@ati@®LO

emissions to the atmosphere from 2011 to 2030.

Hydrofluorocarbons ),Perfluorocarbons and Sulfur hexafluorideThe combined

emission of HFC, PFC and &xdded approximately 5SMmtGO to the atmosphere from

1990 to 2010Though there was a significant increase in the emission of ODS substitutes,
its i mpact t9GHDB enissionawas isimagbesa & was

approximately only % of total GHG emissions 2010 as Figure E$8 presents

However, it is projected to represent approximately 7% of gross GHG emissions in
2030 as FigureESL9 presents. The emissions this class of Gi@gasedignificantly

from .0.08 MmtCQe in 1990 to 0.37 MmtC4@ in 2AL0. This was an treaseof

approximatel\362% overtime

The increasing emissions of this class of GHGs in Delaware \wangwrimarily by
increasing consumption of ODS substitieesh as HFCs and PECGsowever, Sk
emissions from power transmission distribution in Delaware and actually declined by
approximately 54% from 1990 to 2010, and is projected to continue to diectne

future. Projection analyses show that this class of GHGs is expected to add
approximately 11 MmtCé to the atmosphere from 2011 to 2030. Emissions have been
projected to increase from 0.41 Mmt&On 2011 to 0.73 MmtCg in 2030, a

significant ircrease of approximately 78%.

' Methane emissiowasexcluded from the projection becatisbad anegativeemissions estimate in 2030
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FIGURE ES-23. HFC, PFC AND SFs EMISSIONS FROM 199010 2030.
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TABLE ES-2. GHG EMISSION ESTIMATES BY GAS (MMT CO.€)
GHGs by Sources 1990 2000 2010 2020 2030
CO2 17.90 16.85 12.36 13.40 13.77
CO2 from Fossil Fuel 17.70 16.69 12.16 13.29 13.68
Combustion
Industrial Processes 0.21 0.16 0.20 0.12 0.09
CH4 0.69 0.56 0.27 (0.23) (0.412)
Stationary Combustion 0.02 0.02 0.01 0.01 0.01
Mobile Combustion 0.02 0.02 0.01 0.01 0.01
Natural Gas and Oil Systems 0.01 0.01 0.09 0.10 0.11
Enteric Fermentation 0.05 0.05 0.04 0.04 0.04
Manure Management 0.03 0.03 0.03 0.04 0.04
Burning of Agricultural Crop 0.00 0.00 0.00 0.00 0.00
Waste
Waste 0.51 0.38 0.03 (0.49) (0.69)
Wastewater 0.05 0.05 0.06 0.07 0.08
N20 0.80 0.86 0.60 0.61 0.60
Stationary Combustion 0.04 0.04 0.02 0.02 0.02
Mobile Combustion 0.21 0.25 0.08 0.07 0.06
Manure Management 0.15 0.16 0.16 0.19 0.20
Agricultural Soil Management 0.37 0.38 0.30 0.30 0.28
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TABLE ES-2. GHG EMISSION ESTIMATES BY GAS (MMT CO2€)
GHGs by Sources 1990 2000 2010 2020 2030
Burning of Agricultural Crop 0.00 0.00 0.00 0.00 0.00
Waste
Wastewater 0.02 0.02 0.03 0.03 0.04
HFC, PFC, and SF6 0.08 0.26 0.37 0.55 0.73
Industrial Processes 0.08 0.26 0.37 0.55 0.73
Total GHG 19.47 18.52 13.60 14.33 14.68
Land Use/Forestry 0.31 (1.12) (1.12) 0 0
Total GHG with Land Use 19.78 17.40 12.48 14.82 15.37

GHG EMISSIONS PER PERSON

Another way taanalyze GHGmissions is to divide them by state population and eathem

on a per capita basishis will be useful in state to state comparison of GHG emissidasy

factors contribute to the amount of emissions per cafiteording to the EPR, factors such as
climate the structure of theconomy, population density, energy sources, building standards and
explicit stde policies to reduce emissions can im@akiG emissionsin 201Q Delaware was

39" in GHG emissions per capitathe United StatesAs Figure ES24 presents, per capita

GHG emissions decreased from 29.57mi€@ 1990 to 13.89 mtC@ in 2010, a decrease of
approximately 53%. Annual rate décrease from 1990 to 2010 was determined by trend line
analysis to be 0.75mtG@. The significant decrease in per capita GHG emissions from 1990 to
2010 can be attributed to a number of factors including; the economic recession, which lead to a
decline inthe industrial sector emissions; energy efficiency in the power, commercial and
residential sectors; and switching from a more carbon intensive fuel such as coal to a less carbon

intensive fuel such as natural gas.

However, in spite of the decreaseisior i ¢ GHG emi ssi ons, Del awar e
expected to stabilize GHG emissions. FigureZ8hows thaGHG emission per person is

expected tde stabldetweer?011and2030.D e | a w arcapida&HQemissions projected

18 StateLevel EnergyRelatedCarbon Dioxide Emissions, 20D10
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to increase from 14I7mtCQe in 2011 to 15.1&tCO,e in 2030, a slight increase of

approximately 3%.

FIGURE ES-24. GHG EMISSIONS PER PERSON IN DELAWARE FROM 1990T10 2030
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ACRONYMS AND KEY TERMS

AFVT Alternative Fuel Vehicle

B, is the maximum CH4 producing capacity
BOD 1 Biochemical Oxygen Demand

BOFi Basic Oxygen Furnace

BBtui Billion British thermal unit

Ci Carbon

CFCsi Chlorofluorocarbons

CH4'|' Methane

CH,COOHi Acetic Acid

CH3OH- Methanol
COZT Carbon Dioxide

COZe I Carbon Dioxide equivalent

COD - Chamical oxygen dmand

DAQ 1 Division of Air Quality

EAF1 Electric Arc Furnace

EFi Emission Factors

EPAT U.S. Environmental Protection Agency
EIAT US DOE Energy Information Administration
ElIP T Emissions InventyrImprovement Program
FFC Fossil Fuel Combustion

FHWA i Federal Highway Administration

GHGsi1 Greenhouse Gases

GWPi Global Warming Potential

HCOOH- Formic Acid

HFCsi Hydrofluorocarbons

IPCCi Intergovernmental Panel on Climate Change
1b7 pound

ISOT International Organization for Standardization
Kg - Kilogram

LFGTE - Landfill Gasto-Energy

LPGT Liquified Petroleum Gas
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LULUCEF- Land Use, Landise Change and Forestry
MCF ¢ methane conversion factors

MMBtu 1 Million British thermal units

MMt i Million Metric tons

MTCE T Metric Ton of Carbon Equivalent
MMTCOeqi Million Metric tons of Carbon Dioxide equivalent
Mt 1 Metric ton (equivalent to 1.102 short tons)
MSW 1 Municipal Solid Waste

N1 Nitrogen

NASSi National Agricultural Statistics Service
N.OT Nitrous Oxide

NO,T1 Nitrogen Dioxide

ODSi OzoneDepleting Substances

OHF1 Open Heat Furnace

PFCsi Perfluorocarbons

SEDSi State Energy Data System

Sk T Sulfur Hexafluoride

SITT EP A6 s Ing&nhteryt Teol

T&D 1 Transmission & Distribution

USDAT U.S. Department of Agriculture

USDSi U.S. Department of State

UNFCCC or FCCG United Nations Framework Convention on Climate Change
VBC i Vacuum Circuit Breaker

VMT 1 Vehicle Miles Traveled
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1.0 INTRODUCTION AND BACKGROUND

Del awar egieenhods@ hdkmissionsinventory accountedor the annual amount of
anthropogenit’ greenhouse gas¢6&HG) emitted to or removed from the atmosphere between
1990 and201Q The inventory also ésnated projected emissions over a 20 year period from
2011to 2030.The Divisionof Air Quality (DAQ) has prepared this GHG inventory report to
characterizddbe | awar e 0 as whllias prajecte@ei@ emissionsand thereby infornthe
policy option development process. This GHG inventory report prowidesmation on the
activities that caugskemissions and removals, as well as backgroofmdmationon the methods

used toestimate the emissions. ThelBAGHG emissions inventotyadfour key objectives:

1 Identify and Characterize GHG emissions sources and sinks

1 QuantifyGHG enissions and removal frorsourcesand sinks

1 Document the emission inventory data and analytical results, and
i Document the GHG inventory data sources.

1.1 GREENHOUSE GASES

This 20L0 GHG inventory report presents data and analyses on the six greenhouse gasses
listed in the Kyoto protocolThe Kyoto Protocol is protocolto theUnited Nations

Framework Convention on Climate CharfgdNFCCC or FCCC), an international
environmentatreatywith the goal of achieving the "stabilizationgreenhouse gas
concentrations in thetmospherat a level that woulgrevent dangerous anthropogenic
interference with the climate systéfi The six GHGs include carbon dioxide (§0
methangCHy), nitrous oxidgN2O), hydrdluorocarbongHFCs) perfluorocarbons

(PFCs) and sulfur hexafluoride (SF The following are descriptions of each of the

GHGs:

Carbon Dioxide Carbon dioxide©0O,) is an odorless and colorless gas at low

concentration. Anthropogenic sources of G@clude fossil fuel combustion, industrial

“The rfatnegrhmopogenicodo refers to greenhouse gas emissions and r
result of natural processes that have been affected by human activities (IPCC/UNEP/OECD/IEA 1997.

2 Kyoto Protocol."United Nations Framewok Convent i on oWebCB Apni2Gle Wéblsieen g e 0
http://unfccc.int/resource/docs/convkp/kpeng.pdf
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processes and waste managemé@&arbon dioxide is also removed from the atmosphere

(orisequesteredo) when i1t is absorbed by

Methane: Methane CHy) is a colorless gasvhich is lighter than air Anthropogenic
sources of methane in Delawameludeoil refining, decay of organic waste municipal
solid waste landfillslivestock and otheagriculturalpractices and wastewater treatment.
Methane islsoa primary constituent of natural gas, losses occur during the production,
processing, storage, transmission, and distribution of nagasal

Nitrous Oxide Nitrous oxide N20) is a colorless noflammable gas witla slightly

sweet smelling odor and tast# is manufactured for use as oxidizers in rockets and race
cars as an anesthetic or analgesic (pain killer) in the medical Asihaerosol

propellant anas afood preservative Sourcesf nitrous oxide in Delawar@clude

bacterial breakdown of nitrogen in soils and wagricultural soil management, animal
manure management, sewage treatnamdmobile and statioarycombustion of fossil

fuel.

Hydrofluorocarbon Hydrofluorocarbons (HFCs) were developed as alternatives to
ozonedepleting substances (ODS) for industrial, commercial, and consumer products
(U.S. EPA). Hydrofluorocarbons (HFCs) are used primarily asraltives to several
classes of ODS that are being phased out under the terms of the Montreal Protocol and
theClean Air Act Amendments of 199@DSs, which include chlorofluorocarbons
(CFCs),halons, carbon tetrachloride, methyl chloroform, Bpdrochlorofluorocarbons
(HCFCs), araised in a variety of industrial applications including refrigeration and air
conditioningequipment, aerosols, solvent cleaning, fire extinguishing, foam blowing, and
sterilization Although their substitutes, HFCggeanot harmful to the stratospheric ozone

layer, they are powerful GHGs.

Perfluorocarbons The two most importargerfluorocarbonsRFCg are Ch

(tetrafluoromethane) and,Es (hexafluoroethane)Aluminum production and
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semiconductor manufaciag are the largest known manade sources of

perfluorocarbons and are not located in Delaware at this time.

Sulfur Hexafluoride: Sulfur Hexafluoride $F;) is a colorless, odorless, nontoxic,
nonflammable gas with dielectric properti€dFsis used for inglation and current
interruption in electric power transmission and distribution equipnretite magnesium
industry to protect molten magnesium from oxidation and potentially violent buming
semiconductor manufacturing to create circuitry patterrslmon wafersand as a
tracer gas for leak detectionn Delaware, Sfemissions are attributed to the electric

power transmission and distribution equipment.

1.2 SOURCE OF GHGs

There argwo sources of GHG emissionbiogenic and anthropogeni@iogenic sources of
GHGsresult from natural processeBxamples of such include the carbon cycle, nitrogen
cycle, underground deposits of natural gas (i.e., perm&frasid decmposition of organic
materials. Anthropogenic sources, on the other handiude human activities such as fossil
fuel combustion, chemical processes and adticall activities. The U.S. EPA categorizes
GHG source¥ into five source categories based on the methods of estimating the GHG
emissions from the sources. Based on tt& U. E BriisSiens Inventory Improvement
Program(EIIP), the followingsource categories were described in this report

1 EnergyRelated Activities

1 Non-energy relatedhdustrial processes

1 AgricultureActivities

1 Waste management

1

Land Use, Land Use Change and Forestry

2l|s a soil at or below the freezing point of water 0 °C (32°F) for two or more years

%2 USEPA / NACAAEIIP Guidelines (Vol. i XIV) for the Statenventory Tool
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Energy Related Activities

Energyrelated activities are the most significant contributddte | a wgreemhéuse gas
emissionsaccounting foapproximately92 percent of total emissions in 2 Emissions
from fossil fuel combustion comprise the vast majority of these enelgted emissions.

CO, Fossil Fuel CombustianFossil fuel is combusted to heat residential and
commercial buildings, tgenerate electricity, to produce steam for industrial processes,
and to power automobiles anther vehicles As fossil fuels burn, they emit carbon

dioxide (CQ) as a result of oxidation of tlearbon in the fuel

Other gases that are precursors ob&0Dch as carbon monoxide and ioathane
volatile organic compands, are emitted as {pyoducts of incomplete combustion.
These gases are then oxidized to,@@er periods ranging from a few days to 10 years
or more Forthepurpo® of this greenhouse gas inventogynissions of these other
gases are counted @&, emissions That isall carbon emitted to the atmosphere
(except for that emitted in the foraf methane) is reported as €émissions, even
though a very small portion of the carbon willdmaitted as these other ga$é8y
reporting emissions in this fashidhg inventory emissioastimates of Cowill reflect

total loadings of carbon to the atmosphere

N,O and CH StationaryFossil FuelCombustiorSourcs?. In addition to carbon

dioxide, canbustion of fuelsat stationary sources ressiih the emissionof methane

(CH,) andnitrous oxide K,0). Stationary combustion sources of £5nd NO included
electric power, residential, i ndustrial,
economy. In generalemissions of Cihdand NO will vary with the type of fuel

combustedthe size and vintage of the combustion technology, the maintenance and
operation of the combustion equipment, and the type of pollution control technology
used In this report, NO and CH emissions from stationafyel combustiorwas

%3 Methane emitted from combustion of fossil fuels in stationary and mobile sources issaddrethe section covering non
energy related industrial processes.
2 Stationary combustion sources &red sourceghat emit of GHGs as a result of fuel combustion.
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separated from C{emissions from stationary fossil fuel combustion because the

methodology for calculating both types of emissions are different.

N,O and CH Mobile Fossil FuelCombustion Soure®”. Although there is virtually no
methane (El,) in either ga®line or diesel fuel, B, is emitted asa by-product of fuel
combustion Methane emission isfluenced by fuel composition, odustion
conditions,and contol technologies. Depending on temission control technologies
used, G4 emissionsmay also result from hydrocarbons passing unburned or partially
burned through the engine, and then affected by anycpogiustion control of

hydrocarbon missions,such as catalytic converters.

Nitrousoxide (N2O) formation in internal conbustionengines is not yet well
understood, and data dmete amissions are scarce. It is believed tNaD emissions
come fromtwo distinct processes. In the first process, durimgbesstion in the
cylinder,N,O is formed as nitrogen oxidetieracts with combustiomtemmediates

such as NH and NCO. The secdyD forming process occurs during catalytic after

treament of exhaust gases.

Emissions of G4 andN,O from northighway mobile soues have received
relatively little study. These sources include jet aircraft, gasflieled piston
aircraft, agricultural and construction eqgugnt, railway locomotives, boats, and
ships. Except for gasoliffeeled aircraft, all of these sourca typically

equippedwith diesel engines

The 2010 GHG inventorseportcharacterizes emissioassociated with energy related
activities according t® e | a w a&onenticssecteras described in section 4.0. The
economic sectors includdectric power, transportatiomdustrial, residential, commercial,

agricultural and waste management.

5 Mobile combustion sources are sourthest emittof GHGs as a result ofuel combustn while moving from one point to
another
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Non-energy Related Industrial Processes

Greenhouse gas emissions from the-apargy related industrial processaccounted

nearly thregercent of totaGHG emissions in 201Emissions are often produced as a by
product of various neenergy related industrial activitids. some industrial sectors, raw
materials are chemicallyansformed from one state to anoth&his transformation often
results in the release gfeenhouse gases such as,Gkethane (Ch), nitrous oxide

(N20), hydrofluorocarbon§HFC), perfluorinated carbon®FC) andsulfur hexafluoride
(SK). The production processes addressed in this section are oil refining, iron and steel
production, titarum dioxide manufacturing, soda ash consumption and use, the use of
substitutes for ozordepleting substances, and sulfur hexafluoride use in electrical power

systems

The 2010 GHG inventory report characterizes emissions associated witnergy

relaed industrial processes under the industrial sector as described in s&tion 4.

Agricultural Activities
Greenhouse gas emissions from the agricultural actietesunted for nearly four percent
of total GHG emissions in 2010. Emissions from thegegory came from the following

sources:

Soil ManagementWarious agricultural soinanagement practices contribute to
greenhouse gasnissions The use of synthetic and organic fertiig@dds nitrogen to

soils, resulting in missions of nitrousxide (N,O). Other agricultural soinanagenent
practices, such as irrigation, tillage practices, or the fallowing of land, can also affect

fluxes of greahouse gases to and frahe soil

N,O is produced naturally in soils through timécrobial praesses of denitrificatioand

nitrification®® A number of anthropogenic activities add nitrogen to sdiisteby

26 Denitrification, the process by which nitrates or nitrites are reduced by bacteria, results in the release of nitrogen
into the air. Nitrification is the process by which bacteria and other microorganisms oxidize ammonium salts to

nitrites, and further oxidize nitrites nitrates.
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increasing theraount of ntrogen available for nitrificatioand denitrification, and
ultimately the amount of JO emitted. These actiities include application of

fertilizers, anmal production, altivation of nitrogenfixing crops, and incorgation of
crop residuesAnother @ricultural activity that leads to JO emissions, through the
mineralization obld nitrogenrich organicmatter, is the cultivation of histoséls

(highly organic soils) In addition, applied nitrogen (i.e., froamimal wastes or
fertilizer) contributesndirectly to emissionsfrom agricultural soils through
volatilization, leading, andrunoff. The sourcesfa\,O described here are divided into
threecategories:(1) direct enissions fromagriculural soilsdueto croppingpractices;
(2) direct enissions fromagricultural soils due tonamal production; and (3)raissions

from soils indirectly induced bygaicultural applications ofitrogen

Livestock Manure Managementlanure decmposition is a process in which
microorganisns derive energy andhaterial for celllar growth by metabolzing organic
material inmanure When decomposition occurs withoutygen (i.e., aaerobic
demmposition),methane (El,) is produced In addition to CH, nitrous oxide K,0) is
produced duringhe manure decaposition proces€Emissions fromanimal waste
during stoage in ananagenent systenare acounted It is assumed that thenanure
from these wastmanagment systms is ultmately applied to soils, where further

emissions takelace

Enteric Fermentation:Methane (CH) is a natural byproduct of animal digestion

During digestion, Chlis produced through@rocess referred to as enterianfientation,

in whichmicrobes that reside in anal digestive systas break dowrieed consmed by

the anmal. Ruminants, which include cattle, sheep, and goats, have highgr CH

emissions than other types of amls becausef their unique digestive syste

Ruminants possess ame n or Istamagé, 6f o ne whimobntad si gni f
CH,-producingfermentation occursNon-ruminant denestic anmals, such as swine and

horses, havewuch lower CH emissions than nminants becausauch less Cht

27 A histosolis asoil consisting primarily obrganic materials
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producing fementation takes place in their digestive systeCH, emissions are

counted only for dmesticated amnals; enissions fromwild animals are not considered,

because suchessions are not the result ofrhanactivity.

CH, produced as part of the moal digestive processes of amls result in missions
that account for a significant portion oHZ emissions in the United States,
approxmately 5.4million metric tons annually, or 19 percent of total UGH,
emissions (U.S EPA 2004) Approximately 200 species and strains of
microorganisns are present in the digestive systfmuminant® animals, although
only a snall portion, about 10 to 20 species, are believed to plasnpartant role in
ruminant digestn (Baldwin and Allison 1983)Themicrobial fementation that
occurs in the nnen enables minant annals to digest coarse plami&aterial that non

ruminant anmals cannot digest.

CH, is produced in the raen by bacteria as a fproduct of the fenentation process
This CH,is exhaled or eructated by themal and accounts for thraajority of
emissions fronruminants CH, is also produced in the large intestines ofinants
and is excretedNon-ruminant herbivores have arlited anount of fementation in the
large intestines or cec& he H, produced in thisnanner is quitersall compared to

the anount produced by minant annals

Agricultural Residue Burningin Delaware, agricultural residue burning falls under the
category oprescribed fire Prescribed firer controlled burn is any fire intentionally
ignited to meet specific land management objectives sulemdxlearing for

agricultural purposes. Agricultural residue burning is not considered a net source of
CO,, becaus¢he carbon released into the atmosphere during burning is reabsorbed
during the next growing season. However, agricultural residue is net source ahdCH

N0, which are released during combustion and are not reabsorbed during the growing

% A ruminant is a mammahatdigests planbased food by initially softening it within the animal's first compartment
of the stomach, principally through bacterial actions, then regurgitating thelggrsied mass, now known as cud,
and chewing it again.
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season. Cropthat are grown in Delaware and may undergo agricultural residue

burning include corn, barley and soy beans.

The 2010 GHG inventory report characterizes emissions associated with agricultural

activities under the agricultural sector as described in sedtth

Waste Management
Greenhouse gas emissions from the waste management category accounted for nearly one
percent of total emissions in 20Emissions from this category came from the following
sources:
Solid Waste Disposalln landills, methane (€l,) and carbon dioxide (Cfpare
produced fromanaerbic decanposition of organienatter bymethanogenibacteria
Organic waste first decomposasrobically (in the presence of oxygen) anthen
decanpaosed by anaerobic nemethanogenidacteria, which convert orgamiaaterial to
simpler forms like cellulose, mino acids, sugars, and fat§hese snple substances are
further roken down to gases and shohin organic cmpounds(H,, CO,, CH;COOH,
HCOOH, and CHOH), which support the growth @hethanogenic bacterial he
bacteria furthemetabolize these farentation products into stabilized orgamaterials
a n tiogfia s hiah consists of appromiately 50 percent COand50 percent €, by

volume

Neitherthe CO, emitted directly as biogas nor the @, emitted from combusting CH at
flares is counted as an anthropogenic dgnease gas emissioThe source of the G,

is primarily the decmposition of organienaterials derived frorbiomass sources (e.qg.,
crops,forests), and in the United States thesgcas aregrown and harvested on a
sustainable basisSustainale harvesting implies that phatmthesis (which removes
CO, from the atmosphere) is equal to degmsition (which adds C{xo the

atmosphere).

Much of the carbon in landfillshat is not converted to@, or CH, is stored

indefinitely and renoved from the pool of carbon available to cytdehe
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atmosphere, i.e., it is sequesterdd accordace with the Intergovemental pasl on
Climate Change (IPC) guidelineson greenhouse gas accbing
(IPCC/UNEP/OECD/IEAL997), only biogeic carbon (i.e., carbdmom plant or
animal matter) is couted as sequtered Plastics tlat are bndfilled represent a
transfer of carbon frorane longterm carbon podoil or natural gaseserves) to

another (landfills), and thus are not courssdncrenental carbon sequestered

Wastewater TreatmenDisposal and treatent of industrial andnunicipal wastewater
often resllt in methane missions. Wastewatenay betreated ushg aerobic and/or
anaerobic technologies, or if untreatedy degrade wter either aerobic omaerobic
conditions. Methane is produced when organaterial in treated andhtreated

wastewater degrades anabically, i.e., in the Bsence ofoxygen.

Municipal wastewater is treated primarily through either sefpii& systens or sewage

treatment plants. Septic tanks,ramon in low population desity areas, collect
wastewater onsite i n an omedigeprexusedd t ank ;
theair, the waste is deagposed anaerobically. more populatedraas, dmestic

wastewater is treated at a large central facility. Such treatment plants service
approximately 75 percent ohAmerican households (8. EPA 2001). Athese

facilities, the wastevater urdergoes amulti-step treahent process in which wasteay

be deconpaosed both aabically and anaerobicall

In highly organic wastewater stres, e.g., streas from food processinglants or pulp

and paper plants, the availaldxygen in the water is rapidly depleted as the organic

matter decmposes. The organic content (se@ime s known as fAl oadi ngo]
wastewater streas is expressed in t@s of biochenical oxygen dmand, or BOD.

BOD represents the amount of oxygeretakip by the organimatter in the

wastewater during decuposition. Alternatively, the cimical oxygen demand (COD)

is often used to characterize isthial wastewater. COD refers to theaunt of

oxygen consmed duing the oxidation of both organmatter and oxidizablenorganic

PagelOof 234



matter. Under the sae conditiors, wastewater with a higher BOD or COD will

produce more methane than wastewater with a lower BOD/COD.

Nitrous oxde is emitted fromboth danestic andndustrial wastewaterontaining
nitrogenrich organicmatter. Nitrous oxide is produceddigh the natural processsof
nitrification and denitrification. Nitrificatiomccurs aerobically and convedsimonia
into nitrate, whereas denitrification occurs anaerdlyicand convertsitrate to nitrous
oxide. Human sewage is belred to constiite a significant prtion of thematerial

responsible for nitrous xide emissions fromwastewater (Spector 1997).

The 2010 GHG inventory report characterizes emissions associated with waste

management under the waste management sector as described in section 4.7.

Land Use, Land Use Change and Forestry

Whenhumansause andilter the biosphere thugh landuse changend forest ranagement
activities, the balandeetween the emission angtakeof greenlouse gasesGHGS)
changes, affecting their aospherc conentration; this bdance betwen emsson and
uptakeis known as net GHGléx. Such advwities can include cleariran area of forest to
create cropland, rexiking alogged forestdraining a wetlad, or allowing a pasture to
revert to gassland Carbon in theform of yard trimmings andood scraps can also be
sequesred inlandfills, aswell as intrees in urbam@reas In addiion to carbonlfix from
fores managemaent, urban trees and landfills, other saurces of GHGs under the categoly of
land useland-usechange and forestry areCO, emissias from liming of agriaultural soils,
emissions of methne (CH,), and nitrous oxideN,O) from forestfires, and\,O emissions

from fertili zation of settlemat sdls. The 2010 GHG inventory report characterizes
emissions associated with land use undet.#ra Use, Land Use Change and Forestry

sector as described in section 4.8.

2.0 GLOBAL WARMING POTEN TIAL
The global warming potentiédGWP) of a gas is a numb#ratcompars its potentiato trap heat
in the atmospheneelative toanothergas. In technical terms, the GWP obasis defined as the

Pagellof 234



ratio of the timeintegrated radiative forcing from the instantaneous release of 1aitogky) of
a trace substance relative to that of 1 kg of a referené® Jasereferencegasusedfor this
reportis CO, because it has the least potential to trap heat in the atmosphetderefore
GWP weighted emissions are measure@® equivalens (COe).

The GWP is calculated over a period of tinkelonger period of time yields a lower GWFor
instancethe GWP forCHyg is 72 over a 2§earperiod, but 25 over a 16@arperiod This 2008
GHG emissions inventory uses the GWPs listed in Table 1 below for estimating the relative
contribution of each GHG to global warming. These GWP values were calculated based on a

100-year period.

TABLE 1. GWP oF GHGS CALCULATED OVER A 100-YR PERIOD
GHG GWP
CO, 1
CH, 21
N,O 310
PFCs 5,400
HFCs 11,700
Sk 23,90

IPCC (1996

3.0 GENERAL METHODOLOGY

The methodologies uden the development of this 20BHG emissions inventory are based on
the emissions accountimgethodologies presented by tH8 EPAEmissions Inventory
Improvement Program (EIIP), aitd national GHG emissiornsventoryguidelinesfor States

(based in turn,on the 2006 emissions inventory guidelines from the Intergovernmental Panel on
Climate Chage (IPCC), the international organization responsible for developing coordinated

methods for national GHG inventorjesFor the most part, the activity data utilizadhe

2 |pCC 2001. Climate Changé@1: Impacts, Adaptation, and Vulnerability. Contribution of Working
Group Il to the Third Assessment Report of the IPCC.
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development of this20lBHG i nvent ory was col |l ecyTeol vi a
(SIT) Model.

3.1  STATE INVENTORY TOOL

The2010State Inventory Tool (SITylodelis a collection oExcel® spreadsheetesigned
by theU.SEPA to assist states in developing GHG emissions inventofiesSIT model
provides a streamlinempproach for statese use in order tapdate an existing inventory or
complete a new inventoryThe SIT model providabe ability toapply statespecific data
or ue default data The default data gathered by federal agencieotret sources
covering fossil fuels, agriculture, forestry, waste management, and indndtprovided in

the model.

While the SIT provides overall emissions estimates for states, it does not provide emission
estimates for individual facilities @ources. This is because 8@ model follows d@op-

down approach to calculating greenhouse gas emiszidhs state level. df example,

tons of coal burned times an emissions factbgives an aggregated total for each sector

at the state levebut does not include emissions for specific power plants, industrial
facilities, or other point sourcedhe methods used and theurcesovered are the same

as those in th&).S. GHG Inventory and as described in the Emissions Inventory
Improvemen®rogramof The EPA, Volume Ill on emission estimation meti8dsble 2

provides a summary of modules and economic sectors incindiee SIT.

TABLE 2. MODULES AND SECTORS | NCLUDED IN THE STATE |INVENTORY TOOL

Modules Sub-Sectors
1 Residential 9 Electric Power
Carbon Dioxide from Fossil
) 9 Commercial 9 Bunker Fuels
Fuel Combustion (C¢
9 Transportation 9 Industrial
) _ 1 Residential 9 ElectricPower
Stationary Combustion (CH&
1 Commercial 9 Industrial
N2O)

% US EPA 2006, Emissions Inventory Improvement Program Volume VIII
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TABLE 2. MODULES AND SECTORS |NCLUDED IN THE STATE |INVENTORY TOOL

Modules

Sub-Sectors

Mobile Combustion (CH4 &
N-O)

1 Highway Vehicles
1 Aviation

9 Boats & Vessels

1 Locomotives
1 Other NonHighway Sources

9 Alternative Fuel Vehicles

Industrial Processes (GQH,,
& N,0)

9 Cement Production

1 Lime Manufacture

1 Limestone and Dolomit&se

9 Soda Ash Manufacture and
Consumption

1 Iron and Steel Production

1 Ammonia Manufacture*

9 Nitric Acid Production

9 Adipic Acid Production

9 Aluminum Production

1 HCFG22 Productia

9 Consumption of Substitutes for
OzoneDepleting Substances

1 SemiconductoManufacture

1 Electric Power Transmissiaf
Distribution

1 Magnesium Production and

Processing

Coal (CHy)

1 Coal Mining

9 Abandoned Underground Coal

Mines

Natural Gas and Oil (C&&
CH,)

9 Natural Gas Production
9 Natural Gas Transmission

9 Natural Gas Distribution

1 Natural Gas Venting & Flaring

9 Petroleum Systems

Agriculture (CH, & N,0)

1 Enteric Fermentation
9 Manure Management
9 Agricultural Soil

Management

9 Rice Cultivation

9 Agricultural Residue Burning

Land-Use Change and Forestry
(C021CH41 & NZO)

9 Forest Carbon Fhu
1 Liming of Agricultural Soils
9 Urban Trees

T N,O from Settlement Soils

9 Non-CO, Emissions from Forest Fires
i Landfilled Yard Timmings and Food

Scraps

Solid Waste (C@& CHy)

9 Landfills

9 Waste Combustion

Wastewater (Ckl& N,0)

1 Municipal Wastewater

9 Industrial WastewaterFruits &

Vegetables, Red Meat, Poultry, Pulp

Paper

Synthesis Tool

9 Gathers emissions from all

modules into one summary table

Projection Tool

1 Projects emissions estimates into the future
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3.2 DATA COLLECTION APPROACH
The data colletion approach used in this 20BHG emissions inventory was based on the
IPCC guideline¥ and combinesoth topdown and bottorup approachefhybrid

approachy.

The topdown approach involved the collection of econodata from Federal databases to
estimate GHG emissions. For instance, the amou@Hs3 emission$rom fossil fuel
combustion in each economic sector of Delaware was estimated by collecting activity data
on various fuel types from the Energy Information Administration (EIA). Table 3 provides
a summary of data sources used in the collection of activity dabottormup approach
involves the collection of endse data directly from various sources. The hybrid approach
is the preferred approach because it allows for flexibility in inventory development. The
hybrid approach also improves the accuracy ofrilientory results by characterizing
individual sources as well as aggregate sourtés. hybrid approach in this 20GHG
inventory was especially necessary due to missing or unreliable data in the SIT. For
instance, DAQ collected activity data from someéustrial facilities including Delaware

City Refinery (barrels of refined oillgvraz Claymont Steehfetric tons of steel
production)and DuPont Edge Moor titaniuniotide facility. An additional source of

activity data was Delaware Solid Waste Autho(DSWA), which submitted landfill data
from three of its municipal landfills including Cherry Island Landfill, Central Solid Waste

Management Center and Southern Solid Waste Management Center.

TABLE 3. SUMMARY OF INVENTORY DATA SOURCES

Sources Information provided Use of Information in this
Analysis
US EPA State US EPA SIT is a collection of Where not indicated otherwis
Inventory Tool (SIT) i | linked spreadsheets designed to| SIT default data is used to

http://www.epa.gov/statel | help users develop State GHG | calculate emissions from
ocalclimate/resources/tool] inventories for historical emissior] Delaware sources.
html as well as projections. The SIT

*IPCC, 2006 Guidelines for National Greenhouse Gas Inventoviels,2, Section 2.2
32EPA, Developing a Greenhouse Gas Inventory Web, 18 April 2011
http://www.epa.gov/statelocalclimate/local/activities/ghgentory.html
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TABLE 3. SUMMARY OF |INVENTORY DATA SOURCES

Sources

Information provided

Use of Information in this
Analysis

contains default data for each St
for most of the information
required for an inventory.

US Energy Information
Administration (EIA)
State Energy Data
System(SEDS}
http://www.eia.gov/state/s
eds/

EIA SEDS provides energy use
data in each Statannually for all
fuels to 2010

EIA SEDS is the source for
energy use data. Emission
factors from the SIT are used
to calculate energgelated
emissions.

EIA State Electricity
Profiles -
http://www.eia.gov/electri

EIA provides information on the
electric power industry generatio
by primary energy souecfor 1990

EIA State Electricity Profiles
were used to determine the n
of in-state electricity

city/ i 201Q generation by fuel.
USDA National USDA NASS provides data on | Crop production data used to

Agricultural Statistics
Service (NASS)
http://www.nass.usda.gov/

crops and livestock.

estimate agricultural residue
and agricultural soils
emissions; livestock
population data used to
estimate manure and enteric
fermentation emissions.

3.3

GENERAL PRINCIPLES AND GUIDELINES

This 2010GHG emissions inventory was performed according to the follogamgraly

acceptedsHG emissionsccounting principled® for evaluatinchistorical and projected

GHG emissions

1  Transparency the inventory report includediata sources, methods, del/

uncertaintiego allowfor open review and opportunities for additional revisions

based on input from others

1  Consistency The 2010GHG emissions inventory was designed to be externally

consistent with current emission reporting of GHG emissions for other States, and

also to meet national and international standafde 2A.0 GHG emissions

332006 IPCC Guidelines for National Greenhouse Inventories
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inventory utilized the State Inventory Tq&IT) from the EPA for estimating
historical emissions as a starting poifihese initial estimates will be refined and
updated periodically to conform with Stddased inventory and basase
projection needs

1 Priority of Significant Emissions SourcesMore effort was spent on analyzing
and reporting leger emissions from each of theusce categories than thoséh
relatively small emigen levels in order to characterize more fully the major
sources of emissions in Delaware

1  Use of ConsumptiorBased Emissions EstimatesThe inventory will also account
for emissions associated with electricity consumed in Delaware but not produced in
Delaware The emissions in this category will be reported separately to avoid

double counting

4.0 EMISSIONS INVENTORY OVERVIEW BY ECONOMIC SECTOR

41 ELECTRIC POWER SECTOR

Theelectric powessector is categorized as one of the big tHreeurces of GHG emissions

in Delaware. In 2010, the eleic power sector of Delaware represerapgroximately31%

grossGHG emission in Delawar&reenhouse gas emissions associatedviehl a war e 60 s
electricity sectowascharacterized intowo types of emissions namely direct and indirect

GHG emissions. Dect GHG emissiongomefrom in-stategeneratiorof electricity asa

result of fossils fuel combustioand transmissions and distribution (T&D) of electricitire

sources of this type of emissions are owned and contwlied hi n t heordBre | awar e o

This inventory report categorizes direct emissions uGd#® emissions associated with-in
state generation of electricigs described in section 4.1And GHG emissions associated
with T&D, which is a minor source of GHG (specifically sulfur hexafluoride emissians)
categorized unddgmission of Sgfrom T&D asdescribed in section 4.1.Bdirect GHG

emissionsare emissions associateth the consumption of purchased electricity

3 The big threesources of GH@missions in Delaware are economic sectors including electric power,
transportation and industrial sectors.
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Delawareand not generation by fossils fuel combustidhe ®urces oindirect GHG
emissions go beyorid e | a wa r e Orkis irventorg repors categorizes indirect
emissions undeHG Emissions associated with electricity consump®described in
section 4.1.2.

There is aroverlapbetween direct and indire@HG e mi ssi on associ ated v
electric powessectorbecauséndirect emissions accounts for both instate and out of state
generation, and adding both emissions estimates can lead to double ¢auRtirayoid

double counting, this report separatésdirect emissions from gross emissions from all other

saurces.

41.1 GHG Emissionsassociated withn -stateGenerationof Electricity

Greenhouse gases are emitted wlentric generatorarefired usingfossil fuelssuch as
coal, natural gas guetroleumDe | awar eds el ectricity output
compared to other states in the U.S. According to the U.S. EIA, Delaware raffkied 50
net electricity generatiom 2013with an output of 509,000 MW/n-state &ctric power
generationfias generally been the largestrce of Gros&HG emissionsn Delaware.
The dectric power generation emittegphproximately 18.00MmtCO,e intothe
atmospherdetween 1990 and 2018owever in 2010GHG emissiors from the
transportation sect@xceeded GHG emissions from #lectric powessector. Eectric
power generatiogontributed 419 MmtCO.e into the atmosphere, while the
transportation sector contributed 4.64 MmgE@missions fromelectric power

generatiorrepresentedpproximately 3% of Del awar e d s inh291Qa l GHG

Methodology

GHG emissions from hstate electric power generation were estimated using the U.S.
EPA SIT. The SIT was populated with fossils fuel consumption data collected from the
U.S Energy Information Administration (EIA)he general formula used tetenate the

emissionss as follows:

% Accounting for emissions from a source or source categorg than once
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EQUATION 1. GENERAL EMISSION EQUATION FOR ELECTRIC POWER SECTOR

Emissions = F (Activity dat a

Activity data®® required in this case was thaantity offossil fuel consumed for irstate
generation of electricityThe EIA publishes emission factds three major GHGs
includingCarbon Dioxide (C¢), Methane (Ck) and Nitrous Oxide (pD), which are
released when fuels are burriedyenerate electricity.

In-StateElectric Power GeneratiorEmissions

Figure 1shows the GHG ermssions fronthe electric powegeneratiorfrom 1990 to

2010. GHG emissions dropped from 7.52 MmM$€@ 1990 to 4.19 MmtC£ in in

2010, a decrease of approximately 44%. In spite of the increase of GHG emissions from
2002to 2008 as observed in Figurethe general trend of emissions has been downward
with an averagedecreasef 0.12 MtCQe per year.

Figurel alsoshows that from 199® 2002 GHG emissions decreased from 7.52

MmtCOse to 5.07 MmtCG@e. This decrea&sin emissionsan bepartly attributed to a

declinein overallelectricity demand during that periodhe decline itGHG emissions

from electricity generatioas represented in Figuraslthe result of a decrease in
electricityconsumptiorparticularlyi n t he i ndustrial sector due
industrial baseluring that period.Closures of facilities such as General Motors, and

decline in manufacturing with high electricity demand leadeduction in the annual

electricity consumption andibsequently GHG eissionsf r om Del awar eds pow
In addition to the recessiofuel switching (coal to natural gas) aedergy efficiency

initiativesi n Del awar e 6s phewstalatios e comloined cyclearfits a s
contributed to the deidle inGHG emissions.

% Data sourceDefaultstatd evel dat a d State Energgohsunuption, Priceé) ansl Expenditure

Estimates (SEDS) 20: Consumption Estimate&IA 2012). http://www.eia.gov/state/seds/sddtafuel-

prevcfmDef ault state synthetic nat ur distorigghNaturdl&asa obt ai ned
Annual(EIA 2012), and Table 8 for Natural Gas Annual publications fr@601-2010
http://www.eia.doe.gov/oil_gas/natural_gas/data publications/natural_gas annual/nga.html
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FIGURE 1. GROSSGHG EMISSION FROM ELECTRIC POWER GENERATION
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GHG Emissions by Fuel Type

Del awar eds el eGHG enmissionp avariverr prinsaglycbly the combustion
of fossil fuelssuch asoal, natural gas and petroleum. Coal is generally more carbon
intensive than natural gas or petroletfigure 2presents the percentage of emissions by
fuel typein 2010.

Coal combustiorfior in-state generation of electriciepntributed2.82 MmtCQein to the
atmosphere in 2010. This represert@élothe GHG emissions from this sectdlatural
gascombustion contributed 1.32 MmtG&©to the atmosphere, which represented
approximately 32%f GHG emissions from the power sector Natural gas emissions from
the powersector However, the combustion petroleumto generate electric only
contributedof 0.05 MmMtCQein 201Q Thisrepresented approximately 18bgross GHG

emissions from the electric power sector.
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FIGURE 2. 2010GHG EMISSIONS BY FUEL TYPE
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FIGURE 3. FOSSIL FUEL CONSUMPTION IN 2010
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Figure3 presentgossil fuel consumptioffor in-state generation of electriciby fuel
type. Compared to the othisvo fuel types, coal is vergarbon intensive. Although ceal
fired power generatioaccountedor approximately 67% of GHG emissions from the
electric power sectan 201Q it represents approximately 54%fosésil fuels consumed
asFigure3 present Converselyemissions frormatural ga consumptiorwas
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approximately 320 of GHG emissions from kstate generation of electricity, whereas
natural gas represented 4%59els consumed in Delaware for@tate generation of
electricity. Coalfired emissions are higher than natural gas fired generation because the
carbon contenf natural gass approximately55%°of that for coalthe carbon content

of coalis approximately 26 metric tons per billion Btu, while natural gas is
approximately 1%netric tons per billion Btu)rigure 2 showshat petroleum

consumption in the electric power sector wpgraximately 1%, whicls consistent with

its percenGHG emissionss presented in FiguB

Figure4 shows thaemissions frontoal fired electricityexceeded all other sources of
emission between199%Md2010. Emissionbad a seepdeclinein the 1990%ut
rebounedin the2000s with a sharp drop from 5.48 Mmt&On 2008 to 2.82 MmtO.e

in 2010.Table 4provides emission estimates by fuel type.

FIGURE 4. GHG EMISSIONS BY FUEL TYPE
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TABLE 4. ESTIMATES OF EMISSIONS BY FUEL TYPE

MmtCO ,e 1990 1995 2000 2005 | 2010
Coal 5.05 4.49 4.24 5.01 2.82
Natural Gas 0.61 1.48 0.45 0.71 1.32
Petroleum 1.86 0.70 0.53 0.61 0.05
TOTAL 7.52 6.67 5.22 6.32 4,19

Types of GHGs fromn-StatePowerGeneration

Carbon dioxide (Cg emissiornrepresents the largest emissairgreenhouse gdsom
in-state generation of electricitin 2010, CQ emissions from the power sector
representedpproximately 9% of all GHG emissions from the power sectath 4.17
MmtCOse. Figure5 presents C@emissions from irstate power generatioHistorically,
CO, emissions from the igtate generation of electricity halveen decreasingince
1990 Trendline analysis shows that €é@missions decreased at the rate of 0.122
MmtCO.e per yeabetween 1990 an201Q

Methane (CH) andnitrous oxide (MO) emissiondoth represented approximatédgs

than0.5% of GHG emissions from tha-state generation.

FIGURE 5. CO2EMISSIONS FROM POWER SECTOR FFC
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FIGURE 6. N,O AND CH4 EMISSIONS FROM POWER SECTOR FFC
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Reference casProjections- GHG Emissionfrom In-StatePower Generation

Projections of GHG emissions fram-stateelectric power generation were estimated

using

Uu. S.

EPAG6s projection tool Energy

outlook was multiplied by fuespecific carbon coefficient and combustion efficiency.

The annual variablearbon coefficient and cdmstion efficiencies erebased U.S. EIA

data. The resul$ of theprojected emissions were categoriz&o fuel types including

coal, natural gas and petroleum

Figure7 presentshe projected annual emissions fromstate electric powegeneréon
from 2011to 2030.Ba s e d 0 n emigsien d&drass &SHG emissions from power

generation in Delawarare projected toincreaseat a rate 00.059MmtCO,e per year
form 3.03 MmtCQe in 2011 to4.00MmtCO,e in 2030This is an increase of
approximately 2%. Figure8 presentseference casgrojected emissions from 201d
2030 by fuel type.

Based on EIA projections, emissions from coal fired power geneiatexpected to

continue toexceed emissions from both natural gas and petroleum fired power
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generationEmissions from coalired power generatiom Delaware are projected to
increase steadily at a rate of 0.051 MmgE€Per year from 2.14 MmtG@ in 2011 to
3.07 MmtCQe in 2030 as Figurg presents. GHG emissions from natural gas and
petroleum ired power generation are projected to hold steady at averages of 0.84
MmtCO.e and 0.04 MmtCe respectively.

Figure 9 presents the reference case projection of GHG emissions by fuel type in 2030.
The GHG emission from codéired power generation in Dealvare is projected to increase
from approximately 67% in 2010 as presented by Figure 2 to approximately 77% in 2030
as presented by Figure 9. Conversely, GHG emission from natural gas fired power
generation will decrease from approximately 32% in 2010esepted in Figure 2 to
approximately 22% in 2030 as presented by Figure 9. GHG emissions from Petroleum

fired power generation are projected to remain the same.
FIGURE 7. GHG EMISSIONS FROM IN-STATE POWER GENERATION FROM 2011710 2013
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FIGURE 8. GHG EMISSIONS BY FUEL TYPE FROM POWER GENERATION 201110 2030
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FIGURE 9. 2030EMISSIONSBY FUEL TYPE
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The projecteaignificantincrease irGHG emissions from codired generation is the
resultof a projectedncrease in coal consumptiontime power sector of Delaware
Figure 10 presents projected data on the consumption of fossil fuels in the electric power
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sector. Mitural gas and petroleum consumption will remaindtapresented in Figu .
The reference case projection of fossil faehsumption in Delawarguggests that
substituting coafired units with natural gaBred units will reduce GHG emissions from
t he De lpawersecterbable 5 provides GHG emissions data on projected
emissions from 2011 to 2030.

TABLE 5. ESTIMATES OF INDIRECT GHG EMISSIONS BY FUEL
TYPE
MmtCO ,e 2011 | 2015 2020 2025 | 2030
Coal 2.14 2.61 2.87 3.04 3.07
Natural Gas 0.87 0.83 0.81 0.86 0.90
Petroleum 0.03 0.04 0.04 0.04 0.04
TOTAL 3.03 3.48 3.72 3.94 4.00

FIGURE 10. CONSUMPTION BY FUEL TYPE IN THE ELECTRIC POWER SECTOR
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4.1.2 GHG EmissionsAssociated with Electricity Consumption
The purpose of thisection is to characteriZ8HG emissionsassociated witlelectricity

consumption in Delawaralso known asnidirectGHG emissios™. IndirectGHG

® This report quantifies C#@ only, because it is difficult to separate emissions associated with electricity
consumptiorby individual GHGs that are normally associated electricity generation such as CO2, CH4 and N20.
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emissions arestimated based on the amount of kilowsttr (kWh) consumed by
electricity endusers The electricity consumed by enders includes Hstate generated
electricity as well as imported electricikccording to the EIADelaware generates less
than onehalf of the electricity sold to customers. Although generation is increasing, the
state remains a net recipient of electricity. Less thartluing of Delaware households

use electricity as their primary source for homethea

Estimates of indiredBHG emissions do ndhclude direct’ emissions associated witi
state electric poweageneration Indirectemissionsestimates were included in thelZD
GHG inventory to show how electricity demaaold consumptiopatterns of
Delawar@ansimpactsGHG emissions.Because there is an overlap between indirect and
direct GHG emissionsndirectGHG emissions were separated from Diré¢iG

emissions in the 2M GHG inventory to avoid double counting

Methodology

TheElectricity Consumption module of the Siwas used to estimate indirégBHG
emissions.Indirect GHG enissiors from electricity consumption we categorized into

the three main endse sectorsicludingindustrial, residential, and commercial.

Electricity is consumeth these sectors primarily for lighting, heatiogerating

appliances, electronickeatingand air conditioning. The electricity consumption

module calculates C{&quivalent emissions for each of these sectors by multiptiimg
electricity consumptionf enduse equipment in each sector by emission factors, while
taking into account electricity losses resulting from the transmission and distribution of
electricity. The general equation used by the SIT module to calculate in@irGt

emissions from elddcity consumption is shown in Equation 2

EQUATION 2. ESTIMATING INDIRECT EMISSIONS FROM ELECTRICITY CONSUMPTION

Indirect Electricity Emissions = Total ConsumptionSector(kWh) x EndUse Equipment

Consumption (%) x [Emission Factor (Ibs G&kWh)x (1+Transmission Loss Factor (%))]

% Direct emissions estimate were addressed unesate generain.
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The activity data used for this source category was the total State electricity consumption
in kilowatt hour (kwWh). Default activity data was used in conjunction with the emission
factor (1.10 Ibs Cege/kWh) andtransmission loss (6146) to estmate indire€6HG
emissions.Indirect emissions from electrig consumption in the sectors meecalculated

by multiplying stateenergy consumption (tot&Wh consumed in the sector) by the
percentage afector eneduseconsumption. The resulting consumption values (kwWh) are
multiplied by a statespecific emission factor (Ibs G&kWh) and transmission line

losses (1+Tranmissions loss factomhe resulting emissions valu@spounds of carbon,

are converted to short tongcarbon, million metric tons of carbon equivalent (MmtCe),

andthen to million metric tons of carbon dioxide equivalent (Mn€0O

Indirect GHG Emissions from 1990 to 2010

The primary sources of indire®HG emissions in Delawairaclude residential,
commercial and industrialndirect GHG emissions from the residential sector were the
largest representingpproximately41% of total indirect emissions in Delaware. This was
followed by thecommercial sectomhich representegpprximately37% ofgross
indirectemissions. Indirect emissions from fhdustrial setor represented lowest

emission of the sources widipproximately 2% as presented in Figure 11

FIGURE 11. INDIRECT GHG EMISSIONS BY SECTOR
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From 1990 to 2010, indire@HG emissions increaséy 36 %. This increasean be
attributed to increasing demand for electricity in the economic sectors digatty
growt h i n Del awhzhim@asedpyapprokimately 849 between 1990
and 2010Indirect emissionfrom the consumption of electricity in Delaware generated a
total of 118 MmtCQe in emissions from 1990 to 2010. As Figure 12 presents, indirect
emissions in Delaware peaked in 2003 at 6.70 Mm&Cdd decreased to 6.00

MmtCO2e in 2010. Indirect emissiomscreased at an annual rate of 0.95 Mmi€@er

year.

FIGURE 12. INDIRECT GHG EMISSIONS FROM ELECTRICITY CONSUMPTION
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Table6 provides a summary of indirect emissions from electricity consumption by

Del awareds economic sect or irect@&nmnssionfrantall e s how
sectors trended upwards. However, indirect emissions from the industrial sector peaked

in 2003at 2.40 MmMtCQe and decreased significantly to 1.30 MmtE€® 2010 a

decrease of 46 %.

The decrease in industrial indirégHG emissionsan be parthattributed toa decline in
theindustrial sectodue to the economyThe closure of facilities shas General Motors
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and Chryslerand decline in other industries, which have brgtemand for electricity
contributed to theélecrease in electricity consumption in the industrial seldading to a
decline indirect GHG emissions from 2003 to 2(iQure 13 presentgadirect GHG
emissions from electricity consumptidndirect emissions from residentiacreased
from 1.41MmtCQe in 1990 to 2.46 MmtC£ in 2010 as presented in Figure 13. This
was an increase of approximately 74 %. While indirect eonssom the commercial
sector increased from 1.26 Mmt@Oin 1990 to 2.23 MmtC4@ in 2010, an increase of
approximately77 %as indicated in Figure 13

FIGURE 13.INDIRECT EMISSIONS BY SECTOR
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TABLE 6. ESTIMATES OF INDIRECT GHG EMISSIONS BY SECTOR
MmtCO e 1990 | 1995 2000 2005 | 2010

Residential 1.41 1.68 1.90 2.44 2.46
Commercial 1.26 1.54 2.18 2.25 2.23
Industrial 1.74 1.87 1.91 1.76 1.30
TOTAL 4.40 5.09 5.99 6.45 6.00
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Reference case Projectiorisr Indirect Emissions(Businessas Usuaf®)

Equation 2 was utilizetb estimate projectemhdirect GHG emissiams from electricity
consumptionEmissions and transmission factors were derived from eGRID 2012

versiorl.O estimates. Projected regional estimates of electricity consuntiptough

2030 are from EIA's Annual Energy Outlook. Projected regional consumption was
disaggregated to statevel estimates by applying the proportion of electricity
consumption in 2010 from EI A0s State Energ
2012).

FIGURE 14. PROJECTED INDIRECT EMISSIONS FROM 2011710 2030

10.00 -
9.00 -
8.00 -
7.00 -
2 6.00 -
0
O 5.00 -
E
S 4.00 -
3.00 -
2.00 -
1.00 -
= HINImlq-ImILoI’\IwImlolHINImIq-ImILOI'\IwImIOI
™ o e e e e 1 AN AN AN AN AN N AN AN AN ANM
O O O O OO O O O OO OO0 OO0 oo o o o
NNNNNNNNNveaC}INNNNNNNNN

Based on SIT projections, Delawaseprojected to emit gross amountl&4 MmtCQe
between 2011 and 2013@llowing a business as usual (BAgenario IndirectGHG
emissions are projected ¢ontinue to increase steadily at a rate of 0.092 Mm¢@er
year from 6.92 MmtCege in 2011 to 8.53 MmtCgin 2030 as represented by Figdre
This will be an increase of approximately 23Phe increase in indiregmissions is

“0Business as Usual includes the impacts of federal and state programs such as Renewable Fuel Standard (RFS) and
Regional Greenhouse Gas Initiative (RGGI)
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linked to projected incre& in the amount of electricity consumed between 2011 and
2030. According to the EI A, Del awareds ann
from 13,404,182 MWh in 2011 to 16,516,623 MWh in 2030.

Figurel5 breaks down the projected 2030 emission of 8.53 Mmp¢®§ sector. The
residential sector is projected to emit the largest share of in@HGtemissions
representingpproximately 38%. This will be followed by the commercial sector with
approximately 3%, and lastly, the industrial sect@rhich representedpproximately
25%.

FIGURE 15. 2030I NDIRECT EMISSIONS FROM ELECTRICITY CONSUMPTION

Industrial
25%

Figurel16 present the projected emissions for all three sectors. As presented, the
residential andnte commerciasector indirect GH@missions are projected to rise
steadilyfrom 2011 to 2030. Indirect GH@missiors from the residential sector are
projected to increadeom 2.60 MmMtCQe in 2011 to 3.26AmMtCO,e in 2030. This will
be an increase of approximately 25¢@ateady rate ¢f.0368 MmtCQe per year
Indirect emissions from the commercial sector are projected to increase from 2.54
MmtCO.e in 2011 to 3.183ImtCO,e in 2030, an increase of approximat2B@o.

Commercial sector indire€HG emissions argrojectedo increase by).0346
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MmtCO.e per year However,industrial sector indiredEHG emissionsareprojected to

increaseata slower rate of 0.0201 MmtGOper year Indirect emissions from the
commercial sector will increase from 1.¥BntCO.e in 2011 to 2.1MmtCO,ein 2030,

an increase of approximately 20% as Figure 16 indicates.

In addition, Figure 16 indicates that electricity consumption from the residential and
commercial sectors will increase steadily from 2011 to 2030 due to steady growth in

Del awareds popul ation,

as wel

as

growt h i

in the industrial sector will peak in 2023 and decrease slightly to 2.19 Myati@Q030.

FIGURE 16. PROJECTED INDIRECT GHG EMISSIONS BY SECTOR FROM 2011710 2030
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The downward trend of industrial indiredBHG emissions when compared to residential

and commercial indirect emissions is in response to hist@masionsAs observed in

Figure 13 indirectGHG emission from industrial sector had a sharp decreasef 46

between 2003 and 2010. The decrease was in response to aidetliind e | awar e 6 s

industrial sectar The closure of facilities such as General Motors, and dedliothéer

industries, which haveigh electricity demand, caused aued t i 0 n

n

Del

GHG emissionsThoughprojected indirecGHG emissions from thadustrial sectois
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expected to slow dowinom 2023 to 203Wased on the reference case projection (BAU)
as presented in Figudes, Del awar e 6s pidnisexpecteddaortijueto o ns um
increase steadily with populatiohable 7providesestimates of indirect GH@&missions

from electricity consumption.

TABLE 7. ESTIMATES OF INDIRECT GHG EMISSIONS BY SECTOR
MmtCO ,e 2011 2015 2020 2025 2030
Residential 2.60 2.64 2.80 3.02 3.26
Commercial 2.54 2.57 2.74 2.94 3.13
Industrial 1.78 1.96 2.14 2.18 2.14
TOTAL 6.92 7.17 7.68 8.13 8.53

41.3 Emission ofSFg from T&D

In addition to the combustion &ssil fuels including coal, petroleum, and naturaligas
theelectric power sectas a source d&HG emissions fronin Delaware, aothersource

of GHGs is the transmissions and distribution of electricity (T&i)fur hexafluoride
emission is a GHG that comes from T&Didtypically used for insulatinglectric

power transmission and distribution equipmémé to its dielectrit propertiesSome
thosepropertiegncludehigh dielectric strengtrarcquenching ability thermal stability
andthermal conductivityDue to its dielectric properties, &8 sutable for insulating
electrical equipment such as switch gears, circuit breaker and other equipment used for
T&D.

Sulfur hexafluorideemissions may occur when there is a leak in any of the equipment.
Sulfur hexafluorideepresentsdss than 1% ajreenhouse gas emissions from this sector
Sulfur Hexafluoride is considered to be a fully fluorinated compound (R#E)an
atmospheric lifetimes of up to 50,000 yedrkis makes it a very potent GH®ith

significant and permanent contributiadiesglobal warming.

LA poor conductor of electricity, but an efficient supporteeletctrostatic fieldA nonconductor of electricity,
especially a substance with electrical conductivity of less than a millionfh ¢f@siemers
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Methodology

Emissions from electric power transmission and distribution are calculated by
multiplying the quantity of S&consumed by an emission factor. The resulting emissions
are then converted from metric tons o &-metric tons bcarba dioxide equivalents
(mtCOe) as shown in Equatio® The default assumption is that the emission fasta

(all Sksconsumed is used to replace; 8tat was emitted The global warming potential

of Sksis 23,900 as provided byable8.Default activitydata for this sector equals

national Sk emissions apportioned by state electricity sales divided by national

electricity sales.

EQUATION 3.ESTIMATING SF; EMISSIONS FROM TRANSMISSION AND DISTRIBUTION SYSTEMS

Emissions (mtC&) =Sk Consumption (metric tons of §k Emission Factor
(mt of Skin / mt of Consumption in) x GWP of SF

As Figurel7 presentsSk; emissions from T&D decreased from 0.08 Mm#E&@n 1990
to approximately 0.04 MmtCg in 2010, a decrease of approximatd9o. Analysis of
Sk data emissions shows thats®fission habeen decreasing at the rate of 0.002

MmtCO.,e per year.

The decline irSk; emissiondrom T&D systems can be partly attributed to increases in
the price of Sk The increased implementatioh SK; reduction practices in the
transmission and distribution of electricity has also contributed to the rapid decling in SF
emissionsThese practices include detection and repair efi&iks, Skrecycling and

also increasing awareness of the envimental impacts of SFThese practices have

been promoted by the U.S. E¥n partnership with the electric power industry to

reduce Skemissions. In addition to theseg3Eduction practices, new technology such

as vacuum circuit breakers (VBCs), which replaces the need §pa®Fow available to

the electric power industry.

“2 hitp://lwww.epa.gov/electricpowesf6
Page36 of 234



FIGURE 17. SR EMISSIONS FROM T&D SYSTEMS
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Reference case projection f@Fs

Sk emissions are expected to continue to decrease into the fitiree 18 presents
projected emissions for @FProjection analysis shows thats®fnission from the
transmissions andistributionof electricity in the power sector is expected to diminish in
to the futureSulfur hexafluoride emissions from transmissions and distribution lines in
Delaware were projected by usingtional projedbn estimates. Nationamissions from
Electric PoweiTransmission and Distribution Systems were provided by U.S. EPA and
wereapportioned to states by electricity consumption (Electric Power Annual, EIA,
Volumes 1994010).

Figure 18 provides projected &missions from 2011 to 2030. Gross; 8missions &
projected decreased from 0.03 Mmt@(0n 2011 to 0.001 MmtC4 in 2023 as
presented by Figure Ikhis is a decrease of approximately 97 % at the rate of 0.002
MmtCO.e per year. Sulfur hexafluoride emissions are projected to diminish to zero
starting from2024 as presented in Figure I8minishing Sk emissions can be linked to
the use of VBCs, which replacesg3#5 insulator, as well other SFeduction practices.
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FIGURE 18. PROJECTED SFs EMISSIONS
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Conclusionof Power Sector GHG Emissiosnalysis

Analysis of GHG emissions in the electric power seshmws that overa#missions are
expectedo continue tancreasé®. TheEP A6 s st at e i nv dnoreasingy t ool
GHG emissions from this sector will be driven primarily by caalsunption as well as

increasing electricity consumptio@oatfired unitsin Delaware have the largegSHG

emissions when compareddther fuelsand is expected to continue to groWowever,

emissions from codired units are projected

AccordingtothdJ. S EIl A, coal consumpt i*sprojecedt®e | awa
grow from 22,878 Billion Btus in 2011 to 32,905 Billion Btug,iacreasef

approximately 44%n spiteo f ¢ larget sbase of the electricity marketectricity

generation fronmatural gas is the favored source of new generation capacity due to

relativdy low cost and high efficiencyHowever coal is expected to retain its

3 Direct GHG emissions from electricitgeneratioris projectedto be 4.00MmtCO,e in 2030, whileindirect

emissiongs projected tde 8.53 MmtCQ@e the same year

“EIA 2012 ProjectedRegional @nsumptiordata http://www.eia.doe.gov/states/ seds.html.
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competitiveness due to favorable fuel prices when compared to naturbllagasal gas
prices are expected tse faster due to demaniis long as coalemains competitive,
GHG emissions from coal will continue to increase over the t8ubstituting coal
generation with natural gas (fuel switching) could reduce gross GHG emissions from
electricity generatioft. In addition, the New Source Performance Standard (111d)
proposed by the EPA, will requitbe deploymentarbon capture anskquestration
technology to reduce GHG emissions from fossil-freld electric generating units.
Carbon content of natural gasapproximatelys0%°° of coal per unit of primargnergy
content (kg/GJ)Factoring thdnigher efficiency of electricity production from natural gas
turbines over the average efficiency émalfired generation, C@emissions per uhi
gasfired electricity ae anadditional 30% lower thaemissions from codired

generation

In addition,GHG emissionsdataindicatesan upward trend in electricity consumption

This projected increase in electricity us can be attributed to increasing population as well

as a positive economic outlook. Emissions fitharesidential sector are expected to
increase with Del awarebdés popul aandon, whi ch
consumptiorovertime. As the economy improvekere will be an expansion in the

industrial and commercial sectors. To meetdaémand foelectricitythat results from

future economic expansioim-state generated of electricity as well as importedtecity

is expected tincreasewhich will increase associated GHG emissions

4.2 TRANSPORTATION SECTOR

The transportation sector is categorized as one dfightreesources of GHG emissions in
Delaware Historically, the transportation sect@rsecond to the electric power sedtor
terms of GHG emissionglowever, in 2009transportatiosector GHG emissiorexceeded
the electric power sectemissions. The transportation sector emit&¥ MmtCQe to the
atmosphere compared to thewer setor contribution 0f3.83 MmtCQe in 2009

Greenhouse gasmissiondrom transportation sectatsoexceedea@mission fronthe

“>Currently, there are no natural gas pipelines to switch Indian River power plant from coal to natural gas.
48 Katharine Hayhoe etal 2002, Substitution of Natural Gas for Coal: Climatic Effects of Utility &eaission
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electric power sectan 2010. The transportation sectmitted4.64 MmtCQe, compared to

4.23 MmtCQe*’ emitted by theelectric power sectdn 2010 In 2010 thetransportation

sector represented 34%0fe | awar eds gr os s h@ddttedarmumsiativeo ns, a
amount 0f106.49 MmtCO.e between 1190 an2010.

Figurel19 presents historical gross emissions friv@transportation sectoEmissions
decreased from 4.76 MmtG®in 1990 to 4.6.4 MmtC4£ in 2010, which was slight
decrease of approximately 2.5 %. The decline in emissions occurrstbatrate of 0.008
MmtCO.e per yearTransportation sector GHG emisssoreached peak of 5.38 MmtCée
in 2007 andleclined slowlyto 4.64 MmtCQe in 2010 Howeveremissions are expected to
continue to increas&he analysis of historical emissions froin@ transportation sector
indicatethat emissionf this sectoshow no sign o$ignificant decreases in response to
factors such as the economyrising gas pricesThe primary GHG emitted from the
transportation sector is GOwhich in 2010 represented approximately 98% of gross GHG
emissions from this sector accorg to Figure 20. Carbon dioxide emissions in the
transportation sector come from fuel combustion in internal combustion engine€ ¢€E)

automobiles.

Carbon dioxide is a byproduct of the combustion fossil fuels such as gasoline, diesel gas and

to a leser extent natural gas. These fossil fuels are called hydrocarbons because they poses
hydrogen and carbon molecules. When these fuels undergo oxidation during combustion, the
result is the emissions of G@nd other GHGs. Gasoline combustion is the largmstce of

Cohfrom the transportation sector because ité
addition to CQ emissions, the combustion of fossil fuels produces &td NO.

Greenhouse gas emission from the mobile combustion of fossil fuels applies primarily to
transportation, which includes both-omad and nomoad vehicles. Also included in this

category are farm and construction equipment, which apply to the agricathdraidustrial

sectors respectivel¥igure 20 shows that G@missions was the largest GHG emitted in

" Gross emissions includssifur hexafluoride emissions frothetransmissions and distribution of electricity
*®The internal combustion engine is @mginein which thecombustionof afuel (normally afossil fue) occurs with
an oxidizer (usually air) in @ombustion chambethat is an integral part of the working fluid flow circuit.
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2010 representing approximately 98%, followed b®Nepresenting approximately 2% and

CH, representing less than one percent.

FIGURE 19. GHG EMISSIONS FROM TRANSPORTATION SECTOR
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FIGURE 20. GHG EMISSIONS FROM THE TRANSPORTATION SECTOR
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Methodology

The GHGs of concerare CQ, N,O and CHemissions from fossil fuel combustion (FFC) in
the transportation sector zembdicesfromnFFC EPAOG s
separately from pD and CH emissions because their methodolodgarestimating the

emissions are differenin the SIT, CQemissions fronfossil fuel combustionvere

categorized undeznergyrelated activitieemissionswhile N,O and CH emissions are
categorized undemnobile sourcemissionsThe methods for estimating batategories are
described irEquationd. This equatiordescribes the general method for estimating the

emissions using the activity data and the emissionsrfacto

EQUATION 4. GHG EMISSIONS FROM TRANSPORTATION SECTOR

Emissions = E (EFabc X Activityal
Where EF = emissions factor (e.g., grams/kilometer traveled);
Activity = activity level measured in the units appropriate to t
emission factofe.g., miles);

a = fuel type (e.qg., diesel or gasoline);

= vehicle type (e.g., passenger car, light duty truck,
C = emission control type.

4.2.1 CO, Emissions from Transportation Sector

The SIT was used to estimate £f€m energy related activitiesm all economic sectors

of Delaware. Transportation sector emissions were categorized sep&atélyn

dioxide emissionsvere estimatedy multiplying energy consumption (in the
transportation sector) lmission factor§or each fuel. Thesesultswere then

multiplied by fuetspecific percentages oirbonduring combuton ("combustion
efficiency”). The norenergy consumption of lubricants multiplied by its carbon storage
factorwassubtracted from its energy consumption before carrying out the above
calculations. The resulting fuel emissions, in pounds of cavber therconverted to
short tons of carbon and million mettans of carbon equivalent (MmtL;eéhen to

million metrictonsof carbon dioxide equivalent (MGO,e), and summed.
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Figure 21. Gross CQ, Emissions from Transportation Sector
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A cumulativetotal of 101.7 MmtC@ein GHG emissions wasmitted from the
transportation sectdretween 1990 an2010. As demonstrated by Figutg,

transportation related G@missions from FFC has remained relatively stable fluctuating
between 5.50 MmtCg and 4.50MmtCee. The consumption of gasoline fu&hich is

a petroleum productyas a major factor in C{emissions from the transportation sector.
Thefluctuationsin emissionobservedn Figure 21were possibly the result fluctuating

gasoline pricever the yearsTable8 provides CQ emissions from petroleum.

TABLE 8. ESTIMATES OF CO5 EMISSIONS FROM T RANSPORTATION
MmtCO e 1990 1995 2000 2005 2010
Petroleum 453 431 5.07 5.16 454

4.2.2 N0 and CH, Emissions from Transportation Sector
Nitrous oxide is formed by the catalytic processes used to contnol GO, and
hydrocarbon emissions irehicle$®. On the other hand, Glé¢missions in mobile

combustion occur as result of the incomplete combustion gfa@Hother hydro carbons

“9EPA Inventory of U.S. Greenhouse Gas Emissions and Sinks2(0
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in automobileengine®. The methods for estimating GEnd NO emissionfrom mobile
combustiorare different from that a0, emissions All CO, emission estimates from
fossil fuelcombustionn the transportation sectarere included unde€O, Emissions

from the Transportation Sectas described in section 4.2.1.

Estimates of Ckland NO emissiongrom mobile sourcesvere developed bgollecting
activity data fomobile sourcebased on vehicle mile travel€dMT), the combustion
technologies (types of vehicles) used, and the types of emssidmol technologies
employedn fuel combustion (operating conditions during combustion is also a factor in
mobile combustion emissionaind are reflected in the emission factors). The basic
approach for estimating the emissions of,@hd NO is presented in tHequation4.

The SIT categored emissions froomobilesourcednto the followingvehicle types

1 On-road gasoline vehicles includipgssenger carfight-duty trucks heawguty
vehicles and motorcyclelat use gasoline

1 Onroad diesel vehicles includinmssenger carfight-duty trucks, heawguty
vehicles thatise diesel.

1 Nonroad vehicles and engines includaigcrafts, boats, trains, farm and
construction equipmetihat use fuels such as kerosene, residual, distillate and
aviation gasoline

1 Alternative Fuel Vehids that use fuels such as biodiesel, liquefied petroleum gas

(LPG), liquefied natural gas (LNG) and compressed natural gas (CNG)

GHG emission estimates for-saad gasoline and diesel vehiclesere basedn VMT
and emission factors by vehicle type,lftype,and controtechnology and model year.
Also, emission estimates from alternative fuel vehiélegre based on VMT and

emission factorby vehicle and fuel type. Fuel consumption data were used as a measure

92012 U.S. EPA inventory repotittp://www.epa.gov/climatechange/emissions/usinventoryreport.htmi
The Federal Highway Administration ( FHWAI),avalable FHWA®S s
online at:http://www.fhwa.dot.gov/policy/ohpi/hss/index.cfm
The Feder al Hi ghway Administration (FHWA2),avaiable FHWAG s
online at:http://www.fhwa.dot.gov/policy/ohpi/hss/index.cfm
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of activity for norroad® vehicles and engines in conjurstiwith fuelemission factors
Analysis shows thatumulatively,the transportation sector hasnittedabout4.74
MmtCO,e into the atmosphere between 1990 26d0.According toFigure 2, N,O and
CH,4 emissions from theansportation sector peaked at 0.295 Mm#€@ 1997.
Emissions subsequently decreased significantly to l8CO,ein 2010, a decrease of
approximately 70%. Overall, emissions decreasedshvarate of 0.00 MmtCO.e per
year.The downward trenaf N,O and CH emissions from the transportation sector
observed in Figure 28 in contrastvith the upward trend ofMT >* observed in Figure
23.The contrast itrends suggest complex relationship betwe®MT and historical

GHG emissiondrom mobile sources

FIGURE 22. N,O AND CH4 EMISSION FROM THE TRANSPORTATION SECTOR
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The analysis of the results points to other factors affecting emissions franokile

sourcesN;O is a product of the catalytic process in vehicles, whilgi€B product of

%3 _EIA's Petroleum Sales and Consumption: Fuel Oil and Kerosene,Jalbte 16. Available online at:
http://tonto.eia.doea@y/dnav/pet/pet_cons_821dsta_dcu_nus_a-hihs. Department of Energy publicatiGtate

Energy Data SystegkEIlA 2010) for data on aviation gasoline consumption
http://www.eia.doe.gov/states/_seds.html

** Provided byh e
available online athttp://www.fhwa.dot.gv/policy/ohpi/hss/index.cfm

Feder al Hi ghway Administration (FHWA-R),
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Miles

incomplete fuel combustiomhe emission of both gases is dependent on the amount of
fuel consumed which in turn depends\éMT. Yet agheemissiontrendin Figure 2

indicateN,O and CH emissionsare declining while VMT is increasiragcording to

Figure 23.
FIGURE 23.VEHICLE MILE TRAVELED FROM 199070 2010
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Thisdecline in emissions can be attributednicreasednergyefficiencyin the
transportation sector. The efficiency of auto vehicles has been steadily imprating
betterengine desig, more precise ignition timinggndcomputerized engine
management These improvements have minimized fuel consumption, which
subsequently reduces® and G4, emissions. In additiorihe introduction of improved
emissioncontrol technologies and the introduction of higher energy efficiency vehicles
such as hybrids have contributed to significant reductions in GHG emissionsbbite

sources

*> OBDII (On Board Diagnostics Il) systems are required by Federal law on all passenger cars and light trucks
manufactured since 1996. It is a computer on board the vehicle that monitors the engine and emission control
equipment to verify that all systems averking properly. If the monitor detects a fault, a code is stored in the
computer, and the malfunction indicator lamp (MIL) is illuminated.
http://www.catalyticconverter.org/obd_ll/index.htm
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FIGURE 24. N,O AND CH4 EMISSIONS BY VEHICLE TYPE

NS%R?ad Alternative
&Eeng;?nz Fuel Vehicles
2%
onroad Dies 0
Vehicles
2%

onroad
Gasoline
Vehicles
91%

Figure 24 present 2010,8 and CH emissions by vehicle type. @pnad gasoline
vehicles had the largest emissions eONand CH representing approximately 91% in
2010. Greenhouse gas emissions fromroad vehiclesvere a distant second
representing approximately 5% of grosgONand CH emissions from the transportation
sector. Nitrous oxide and GHEmissions from diesel and alternative fuel vehicles both
represented approximately 2 % of gross emissions moilnile urcesasFigure24
presentsTable 9 provides pO and CHemissions by vehicle type from the
transportation sector. As the analytical data show, gasoline vehicles are the primary

sources of BO and CH emissions in the transportation sector.

TABLE 9. ESTIMATES OF N2O AND CH4 EMISSIONS BY VEHICLE
TYPE

MmtCO ,e 1990| 1995| 2000 | 2005 2010

GasolineVehicle 0.221| 0.272 | 0.252 | 0.176 0.082

Passenger Cars 0.139| 0.147 | 0.130 | 0.097 0.059

Light-Duty Trucks | 0.077| 0.120 | 0.115 | 0.074 0.021

HeavyDuty 0.005| 0.006 | 0.006 | 0.005 0.002
Vehicles

Motorcycles 0.000| 0.000 | 0.000 | 0.000 0.000
DieselVehicle 0.001| 0.001 | 0.001 | 0.002 0.002

Passenger Cars 0.000 | 0.000 | 0.000 | 0.000| 0.000
Light-Duty Trucks | 0.000| 0.000 | 0.000 | 0.000| 0.000
HeavyDuty 0.001| 0.001 | 0.001 | 0.002 0.002
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TABLE 9. ESTIMATES OF N>O AND CH4 EMISSIONS BY VEHICLE
TYPE
MmtCO ,e 1990 1995 2000 | 2005 2010
Vehicles
Non-Road vehicle | 0.013 | 0.008 | 0.012 | 0.010 0.005
Boats 0.006 | 0.007 | 0.010 | 0.007 0.003
Locomotives 0.000| 0.000 | 0.000 | 0.000 0.000
Farm Equipment | 0.001 | 0.000 | 0.001 | 0.001 0.001
Aircraft 0.006 | 0.001 | 0.001 | 0.002 0.001
Alternative Fuel 0.000| 0.000 | 0.000 | 0.002 0.002
Vehicles
Light Duty 0.000| 0.000 | 0.000 | 0.000 0.000
Vehicles
Heavy Duty 0.000| 0.000 | 0.000 | 0.001 0.001
Vehicles
Buses 0.000| 0.000 | 0.000 | 0.000 0.000
Total 0.235| 0.281 | 0.265 | 0.189 0.090

4.2.3 Reference CasProjections of GHGEmissiors from Transportation

The projected emissions GHG from the ransportation sector waetermined by using
thegeneral methodology discussed ahareergy outlook data from the EIA as well as

VMT data from the~ederal Highway AdministratiorFHWA). The Stateriventory Tool

was used to determine emissions by state for 2010. Projections were then apportioned to

states baseon the ratio of state emissions to national emissions in 2010.

Greenhouse gasmissiondrom the transportation sectareprojectedo stabilize inthe
future as presented in FigurB.ZZHG Emissionss expected toange betweeb.43
MmtCO.e to 5.64 MmtCG@e. As Fgure 25 present$&sHG emissionfrom the
transportation sector mojected to be 5.48 MMtG@® in 2030. This is a sliglncrease
from 5.43 MmtCQe in 2011 Projected GHG emissions from the transportation sector

will be drivenprimarily by CQ emissiongrom fossils fuel combustion.

Figure 26 presents projected emissions fthentransportation sector by GH®s2030
Carbon dioxideemissiondrom fossils fuel combustion are projected to represent

approximately99%of gross GHG emissions from the transportation sector in 2030.

Page48of 234



Nitrous oxideemissions, on the other hand, are projected to represent only approximately

1%, while CH, will represent less thd®o as presented in Figure .26

FIGURE 25 PROJECTED GHG EMISSIONS FROM TRANSPORTATION
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FIGURE 26. 2030EMISSIONS FROM THE TRANSPORTATION SECTOR BY GHG
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Carbon dioxide emissiorisom fossils fuelss expected toemain the GHG of concern in
to the future as the reference case projections show. ComparicentCO, emissions
from the transportatin sector presented in Figure t80projected C@emissionswe
observe a slight increase in the percent of @@issia from 98% in 2010 to 99% in
2030.

4.2.4 Projected CQEmissions from TansportationSector

Figure Z presents projected G@missions from the transportation sector. Overall,
projected emissions are expectedtabilizefrom 2011 to 2030 as FiguBy presents
Carbon dioxide emissiorsseexpected t@verage 5.48mtCO,e annually between 2011
and 2030Carbon dioxide emissions are projected to be 5.41 Mpa@0O2030 which is
only aslight increase from 5.35 MmMtG®in 2011

Figure28 breaks dowmprojectedCO, emissionsy fuel type. While CQ@emissions from
gasoline fuel consumption is projected to decline gradually,e@tssions from distillate

and residual fuel are projected rise gradually as presented by B&jure

The emissions projecticemalyses show that of GHG emissions from gasoline is expected
to decrease from 3.72 MmtG®in 2011 to 3.29 MmtC4 in 2030 at the rate of 0.021
MmtCO.e per yearThis will be a decrease of approximately 12%6nversely, distillate

fuel GHG emissions arerpjectedto increase from 0.65 MmtG@® in 2011 to 0.92

MmtCO,e in 2030at the rate of 0.012 MmtC® per yearThis will be an increase of
approximately 41%. Andesidual fuelGHG emissions angrojectedto increase from

0.88 MmtCQe in 2011 to 1.08 MmtC£ in 2030 at the rate of 0.006 MmtG&per year.

This will be an increase of approximately 22%.

The projected decline in G@missions from the consumption gasolsepresented in
Figure 28reflectsthe impacof improving fuel efficiency in the trangptation sector, as

well the expansion of low carbon fuel markets.

Pages0of 234



FIGURE 27. PROJECTED CO, EMISSIONS FROM TRANSPORTATION
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FIGURE 28. PROJECTED CO, EMISSIONS BY FUEL TYPE
4.00
#' L L L L L | | 8
3.50"""---:::;::“,,,
3.00
% 2,50
@)
Q 2.00
£ 150
100 |0 o o g g g A
0.50
_ Ao Ao A A A A A A A A A A A A A A, A A A A
A N M < IO O~ 0O OO O d AN M <~ WU, O~ 00 O O
1 o A d A A A+ 4 N AN AN N AN AN AN AN ANANM
O O O O O O O O O O O 0O 00O oo o o oo
AN N N N N N N N AN AN AN AN AN AN AN AN ANANN N
Year
=o—Natural Gas =@-Distillate Fuel == Jet Fuel, Kerosene
=>=LPG =¥=Gasoline =®-Residual Fuel
Other Petroleum Aviation Gasoline Lubricants

The introduction of the Cograte Average Fuel Economy (CAF&andard in 197Bas

led to improved fuel eftiency in automobiles. The CAF&andards set fuel economy
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requirements for various types of automobiles in miles per gallon. The result has been
decreased consumption and demand for gastlagieand relative price stability.

According to the National Academy of Science, fuel consumption would have been 14%
higher absent the CAFstandard®By reducing gasoline fuel consumption, the CAFE
standard contributes to not only reductions in historical €®@issions, but also future

CO, emissions form gasoline combustiorDelaware

In addition, projected decline in G@missions can also be linked to the positive outlook
on alternative vehicles and fgel'he effort to transitiofirom light-duty vehicles (LDVSs)
powered by internal combustion engimksen bygasolinefuel has beemnotivatedby
energy security concerns about petroleum imports and the effect of greenhouse gas
(GHG) emissions on global climatélternative vehicles include electric cars, hybrids
and cars that use alternative fuel such as biofuels and hydrogen fuecetisding to

the EIA, there are 5,277 alternative vehicles in Delaware as of 20idh isonly 0.4%

of the national numbeAs the numbers of these cars gréim Delaware, gasate

consumption may decrease gradually, whidlh lead to decreasing G@missions.

Increasing emissions from distillate and residual &sgbresented in Figus8 can be
linked to a number of factors such as the improving economy and fuel efficiency
requirementsDistillate and residual fuels are used in ffoad vehicles likenarine
vesselsand locomotives. The consumption of both fuglksxpected to increase with
economic activitieshat involve shipping and locomotivasDelaware ThereforeCO,
emissions from botfuelsare projected to increase with time. In addition, there are
currently no fuel efficiency/economy requirements for mostmaa vehicles suctsa
marine vesseland locomotives unlike gasolimehicles, which further contribute to the
increasing C@emissionsassociated withesidual and distillate fuels.

5 Board On Energy and Environmental Systems (20Bfctiveness and Impact of Corporate Average Fuel
Economy (CAFE) Standards (200Zhe National Academies

*"U.S.EIA projects that new lightluty alternative

vehicles will grow from 13 percémf the U.S. automobile sales market in 2008 to 49 percent in

2035 due to rising oil prices and federal renewable fuel aneefi@momy standards.
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4.2.5 Projected mobile source EmissionEmissions of MO and CH from the
transportation sect@re projected to continue to decline as Figd#presentsEmissions
will decrease from 0.0BImtCOye in 2A1to 0.07 MMtCQe in 2030. This will be a
decrease of approximately 12.5%, atgnadualrate of 0.0006 MmtCe per year.

Decreasing RO and CHemissions is expected to slow down significantly. This is
observed when comparing historical emissions in Figure 22, which decreased
significantly by approximately 70% at the rate 0.009 Mm¢€@er year, to projected
emissions in Figee 29, which is decrease by approximately 12.5% at the slow rate of
0.0006 MMtCQe per year. The slowdown in the decreasip@ EWnd CH emissions is

due to diminishing returns of existing emission control technologies. This reference case
projection doesot include future emission control technologies as well as state and
federal regulations that may contribute to further reductions@ & CH, emissions in

the future.

FIGURE 29. PROJECTED N>O AND CH4 EMISSIONS FROM THE TRANSPORTATION SECTOR
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FIGURE 30. 2030N>0 AND CH4 EMISSIONS BY VEHICLE TYPE
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Figure D present$SHG emissions from the transportation sector distributed by vehicle
types.Greenhouse gas emissions fromroad gasoline vehicles areopected to be the
largestin 2030representingpproximately73% of gross emissions fromobile source
Thisis followed by norroad vehicles GHG emissionspresentingpproximately\22%,
anddiesel vehicle&SHG emissionsepresentingpproximately3% and alternate fuel

vehiclesrepresentingpproximately2%.

Figure 30indicates that gasoline vehislare expected to remaime primary source of
N>O & CH4emissiongrom mobile sources the transportation sectddowever
emissions from nonoad vehicles and engines had a sigaiit increase from
approximatelyb % of gross emissions from the transportasiector as presented in
Figure 24to a projected 22% of gross essions as presented in Figu@ Bhe projected
increase in nomoad vehicle & engine emissions is linkedite absence of federal or
state regulations limiting }0 and CH emissions from nomoad vehicles and engines.
Based on this reference case scenario, GHG emissions freneawbrehicles and
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engines in Delawarns projected tancrease with increasing numtnonroad vehicles
and enginesas well as increasirfgssil fuel consumptiorby this GHG emissions soutce
Table10 provides estimates on projectegdNand CH emissions from the transportation

sector by vehicle type.

TABLE 10. PROJECTED ESTIMATES OF N>O AND CH4 EMISSIONS
BY VEHICLE TYPE
MmtCO ,e 2011 2015 2020 | 2025 2030
GasolineVehicle 0.07 0.06 0.06 0.05 0.05
Passenger Cars 0.04 | 0.03 0.03 0.03 0.03
Light-Duty Trucks | 0.03 0.03 0.02 0.02 0.02

HeavyDuty 0.00 | 0.00 0.00 | 0.00 0.00
Vehicles

Motorcycles 0.00 | 0.00 0.00 0.00 0.00
DieselVehicle 0.00 | 0.00 0.00 | 0.00 0.00

Passenger Cars 0.00 | 0.00 0.00 0.00 0.00
Light-Duty Trucks | 0.00 | 0.00 0.00 0.00 0.00

HeavyDuty 0.00 | 0.00 0.00 0.00 0.00
Vehicles

Non-Road vehicle | 0.00 0.00 0.00 0.00 0.00
Boats 0.01 | 0.01 0.01 0.01 0.02
Locomotives 0.00 0.00 0.00 0.00 0.00
Farm Equipment 0.00 | 0.00 0.00 0.00 0.00
Aircraft 0.00 | 0.00 0.00 0.00 0.00
Alternative Fuel 0.00 | 0.00 0.00 0.00 0.00
Vehicles

Light Duty 0.00 | 0.00 0.00 0.00 0.00
Vehicles

Heavy Duty 0.00 | 0.00 0.00 0.00 0.01
Vehicles

Buses 0.08 | 0.08 0.07 0.07 0.07
Total 0.07 | 0.06 0.06 0.05 0.05

Conclusion from the Analysis of GHG Emissions from the Transportation Sector

Carbon dioxide emsionsis the primary GHG concemepresentin@pproximately 98% of

t he GHG emi ssi ons i nrepPefSehtpproxiamatety 99%:tidD30 Tkex pe ct e d
primary source of C@emissions in the transportation sector is petroleum combustion, and a

gross CQemission is expected to remaitableoverime. However, the reference case

projection shows that C&missiondrom gasoline combustion is expected to decline
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overtime due to deeasinggasoline consumption while other sources o, 8@h as

distillate andresidualfuels areexpectedo increase ertime.

In addition, there are currently no fuel efficiency/economy requirements for moesbawbn
vehicles such as boats and locomotives unlike gasoline motor vehicles, which further
contribute to the increasing G@missions from the residual and distillate fuéls.
incentivize reductions in Cemissions from the transportation sector,€Rissions from
nonroad sources will have to be addressed. This may reexering anddeveloping fuel

efficiency programshat apply to engines that use residual and distillate fuels in Delaware.

4.3 INDUSTRIAL SECTOR

Emissions from the industrial sector as described in this report con&st@Emissions
from energy related activities suchfassil fuel combustiomswell as GHGemissions
associated with neanergy related industrial processeleindustrialsector is categorized
as oneof the hg three sourcesf GHG emissions in Delaware. In 2010, GHG emissions
from the industrial sector were 2.MntCO.e, making the industrial sector th&' Bargest
emitter of GHG representingpproximatelyl6% of gross GHG emissions in Delaware
Cumulatively, the industrial sector added 91.72 Mn¢€i@ GHG emissions to the
atmosphere between 1980d 2011.

Between1990and2010, the industrial sectopntributed approximately 91. RmtCOe to

the atmosphere. Figure 31 presents historical GHG emissions from the industrial sector from
1990 b 2010. Emissions peaked in 198%23 MmtCO,e, but dereasedo 2.17MmtCO.e

in 2010, a decrease of approximately@®verall emissions decreased by approximately

50% from 1990 to 2010. The rate of decrease was determined to be 0.07 pdmeEC@ear.
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FIGURE 31. GROSSINDUSTRIAL SECTOR EMISSION FROM 1990T10 2010
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Industrial sector emissions in the 2010 GHG emissions inventory were categorized into two

types namelgnergyandnonenergy related industrial sectemissionsEnergy related
industrial sectoremissiongome from fossils fuel combustion in the industsettor for

purposes includinglectricpower, heatingmanufacturing anshdustrial equipment

operation While non-energy related industrial sectemissionsre byproducts of industrial

and chemical processéhe ndustrial and chemical processes ided in thisreport include

titanium oxide as well ason & steelproduction Other sources afon-energy related

industrialsector emissionsclude soda ash consumption as well as the use of ozone

depleting substance (ODS) substitutes.

Reference CasProjection of GHG emissions from Industrial Sector

In addition toestimating historicaGHG emissionsfuture GHG emissions were also

estimatedor sources within the industrial sect@®r o s s

industrial sector is expected tontimue to increase based on a positive economic outlook.
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FIGURE 32. GROSSINDUSTRIAL SECTOR EMISSION FROM 2011710 2030
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Figure 32 presents gross GHG emissions from the industrial sector activities from 2011 to
2030. Emissions are projecteditorease from 2.39 MmMtC@ in 2011 to 3.27 MmtC£@.
This is a projected increase of approximately 37% at the 0.04 Myat@€D year.

4.3.1 Energy relatedndustrial Sector Emissions

Energy related industrial sector emissicaadded a cumulativemountof 83.14
MmtCO.e in GHG emissionito the atmoghere betweef©990and2010.Figure 3

p r e s emssian estimates fenergy related industrial sector activities that require
fossil fuel combustionindustrial emissiofirom thiscategorytrendeddownwardwith
fluctuationsfrom 4.05 MmMtCQe in1990, to 1.53%mtCO,e in 2010at the rate of 0.098
MmtCO.e per yearThis was a decrease of approximately 6E¥aissions peaked in
1995 at 4.94 MmtCe2, and decreased to 2008 at 3.43 M his was followed by a
significant decrease to 1.55 MmtG®in 2010, a decrease of approximately 55%s

decreas@ emissiongorrelates wittsignificantdecline inpetroleumfuel usage in the
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industrial sectodue to the closure ohajorindustrial facilities includind e | awar e 6 s

refinery’®, Chrysler as well as General Motors.

FIGURE 33. ENERGY RELATED |INDUSTRIAL SECTOR EMISSIONS
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Methodology

The primary GHG of concern froenergyrelated industrial sector emissioaseCO,,

N>O and CH from fossils fuel combustiorGreenhouse gasmissions from fossil fuel
combustion in the industrial sector are calculated by first subtractingmengy

consumption multiplied by carbon storage factors from the energy consumption for each
fuel type. The resulting combustible consuiop for each fuel is then multiplied by a
carbon content coefficient and by the percentage of carbon oxidized during combustion
("combustion efficiency"). The resulting fuel emissions, in pounds of carbon, are
converted to short tons of carbon and millimetric tons of carbon equivalent (MCE),

then toMmtCO,e. Equation 5 provides the basic method for estimating the emissions

from the combustion of fossil fuels in the industrial sector.

%8 The refinery under the Valero Energy Corporatisas shutdown in 2009 but later reopened in the spri@ bt
under new managemeiBF Energy Partners
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EQUATION 5. ENERGY RELATED INDUSTRIAL SECTOR EMISSIONS

Emissions = Total Consumptioii [Non Energy Consumption x Carbon stora|

Factor] x Emission Factox Combustion Efficiency

FIGURE 34. 2010ENERGY RELATED INDUSTRIAL SECTOR EMISSIONS BY FUEL
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Figure 31 breaks down the energy related industrial sector emisgi@®&L0by fuel

type. The chart shows petroleum combustion is the largest souBté@Emissions
representingpproximately 73% of gross energy related industrial sector emissions. This
was followed by natural gasshichrepresentedpproximately27%, aml coal with less

than 1%.

Figure & breaks down the neenergy related industrial sector emissions from 1990 to
2010 by fuel type. Emissions form petroleum combustion in the industrial fastoeen
the largest soge of GHG emissions from thisindustrial sector. Figure53shows that
emissiongleclined with fluctuationfrom 1990 to 2010Carbon dioxideemissions from
petroleum peaked in 1996 at 3.78 Mm#@(but decreased significantly with fluctuations
to 2.25 MmtCQe in 2008, a decrease of apyximately 40%.
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There was a sharp decrease in emissions from petroleum fuels from to 2.25 )nCO
2008 to 0.52 MmtCee In 2009 as Figure 35 presents. However, in 2010, GHG
emissions later increased to 1.13 Mmt€@s Figure 35 presents.

FIGURE 35. GHG EMISSIONS FROM INDUSTRIAL SECTOR FFC BY FUEL TYPE
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In general, GHG emissions from petroleum fuel useniergyrelated industrial sector
activitiesdeclined by approximately 63% from 1990 to 2010. The sharp decline in
petroleum emissions corresponds with the economic recession, which started in 2007.

The i mpact of the r eces s cootributedro industrich war e 6 s

facility closures such as Valero, Chrysler and General motorslédhiis sharp decreases

in petroleum consumption in the industrial sector, thereby reducing GHG emissions. The

rate of decrease in GHG emissions from petroleum consumption was determined to be

0.09 MmMLCOse per year.

As presented in Figureb3natural gas combustion was the second largest source in the
industrial sector. While emissions fluctuated between 2.0 Me#@@d 0.40 MmtCe,

but remained relatively flat. Emissions decreased from 0.8996 fo 0.43 in 2010, a
decrease of approximately 52%he rate of decrease in GHG emissions from natural gas
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consumption in the industrial sector was determined to be 0.01 Myat@:D year.

Emissions were expected to rise again from the 2010 estimateahGuse gas emissions
from coal combustion in the industrial sector wereltweestbecause coal was theast
consumed fuel in the industrial sectBmission fluctuated between 0.50 and 0.00 from
1990 to 2010. In 1992 and 2010, emissions estimates for &@hi&sion from coal
combustion were zero according to the SI&blel1provides estimates for energy

related industrial sector emissions by GHG and fuel type. As the table shows, petroleum
consumptiorwas thdargestsource of GHG emissions frotne industial sector and

CO, was the largest GHG emitted

TABLE 11. ESTIMATES OF GHG EMISSIONS FROM INDUSTRIAL MmtCO ,e
Fuel Type 1990 1995 2000 2005 2010
Petroleum 3.07 3.43 2.79 2.83 1.13
CO, 3.07 3.42 2.78 2.82 1.12
N-O 0.006 0.007 0.006 0.006 0.002
CH, 0.002 0.002 0.002 0.002 0.001
Natural gas 0.89 1.04 1.36 0.81 0.43
CcO, 0.89 1.04 1.36 0.81 0.43
N-O 0.000 0.001 0.001 0.00 0.00
CH, 0.002 0.002 0.002 0.002 0.00
Coal 0.08 0.46 0.44 0.29 0.00
CO, 0.08 0.46 0.44 0.29 0.00
N-O 0.000 0.002 0.002 0.001 0.00
CH, 0.000 0.002 0.002 0.001 0.00
Total 4.05 4.94 4.59 3.94 1.55

Reference Case Projection of GHG Emissions from Energlated Industrial Sector
Emissions:Projectecenergyrelated industrialsector emissionwere estimatedy the

basic methodology described in Equatioibe projected estimates were calculated

using the EPAG6s project i ohThe activityddtaauseé d on h
was based on t he daR])aAdile emissiens facyors ased \leReAd & s

default emissions factors.

% Historical emissions weremportedfromtheEP A6 s st ate inventory tool .
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FIGURE 36. 2030ENERGY-RELATED |NDUSTRAIL SECTOR EMISSIONS
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Between 2011 and 2030, cumulatemgergyrelated industrial sector emissias

projected to b&1.45 MmtCQe, with a projected emission of 2.35 Mmt§&0n 2030.

Figure 36 presents a breakdown of 2030 GHG emissionsednamyyrelated industrial
sector emissiony fuel type.Greenhouse gas emissions associated with natural gas
consumption in the industrial sector is projected to repreggmwbximately 55% in 2030.
This will be followed by GHG emissions from petroleum consumption, which will
represent approximately 43%, and GHG emissions from coal, a distant third with 2% as

presented in Figure 36.

Figure37 presentgnergyrelated industial sector emissionom 2011 to 2030. The

data shows that emissions from this source category are projected to maintain an upward
trend in the future. Emissions are projected to increase frorMn&80,e in 2011 to
2.35MmtCO.e in 2030, an increase gb@oximately 32%. The rate of increase was

determined by trend line analysis to be 0.022 Mn#Cer year.
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FIGURE 37. PROJECTED ENERGY RELATED INDUST RIAL SECTOR EMISSIONS
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FIGURE 38. ENERGY RELATED INDUST RIAL EMISSIONS BY FUEL TYPE
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Figure 38 presents a breakdowreagrgyrelated industrial sector emissioby fuel

type. Natural gas emission is expected to contribute the largest share of GHG emissions
in this source category. Greenhouse gas emissions from natural gas consumpéon in t
industrial sector will increase from 1.88mtCOye in 2011 to 1.29 MmtC£ in 2030, an

increase of approximately 23%.

The projected increase of natural gas emissions from the industrial sector is based on the
growing demand for natural gas, whichwasfr| e ct e d Anmual Energy El Ad s
Outlook 2013 According to the EIA, atural gas consumption in the industrial setgor
projected tancreag by an average of 0.5 percent per year from 2011 to 2040. Industrial
outputis expected to growas the energintensive industries take advantage of relatively

low natural gas prices, particularly through 2025. After 2025, growtimeindustrial

sectoris expected to slowdowin response to rising prices and increased international
competitiof?°. This is whynatural gas emissions as Figure 38 levels off in 2025, but still

continues to increase modestly.

Greenhouse gas emission from petroleum consumption in this source c&edsoy
projected tancrease. As Figure 38 presents, emissions data projectseshiuctease
from 2011 to 2015 of 0.MmtCO.e. Petroleum missions are expected to remain flat
from 2016 through 2029, and then there will be an increase fronMIr88O,e in 2029
to 1.0MmtCO.e in 2030. On the other hand, coal is not projected to havsigmficant
impact onenergyrelated industrial sector emissianss Figure 38 presentthe SIT
projects thaGHG emissions from coabmbustiorin this sectors expected toemain
flat, with anaverage of 0.05 MmtCg from 2011 to 2030.

4.3.2 Non-energy related IndustriaBector Emissions

The GHG emissions that weestimated underam-erergy related industrial sector
emissiongncluded GHG emissions from industrial processes that did not include fossil
fuel combustionFrom 1990 to 2010, emissions from industrial processes released

approximately8.58MmtCO.e into the atmosphere, whichsignificantlylowerwhen

2013 EIA Annual Energy Outlook: http://www.eia.gov/forecasts/aeo/pdf/0383(2013).pdf
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compa

red tenergy related industrial sector emisssowith an amount 083.14

MmtCO.e. Figure 3 present gross GHG emissions from combined industrial process

source

sGross emissionmcreasedrom 0.2L MmMtCO,ein 1990 to 0.62MmtCOsein

201Q an increase of approximately 195%. The rate of increase in GHG emissions from

industr

Del

catego
1

)l
)l
T
T

ial processes wagtermined to be 0.02 MmtGO®per year.

a wreonendrgy related industrial sector emisswources and associated GHGs
rized in the 2010 GHG emission inventory include

Ozone Depleting Substances (ODS)

Titanium Dioxide Production (C£)

Iron and Steel production (GQ

Oil Refining (CH,) and Natural Gas transmission (§H

Soda Ash Consumption (GD

FIGURE 39. NON-ENERGY RELATED |INDUSTRIAL SECTOR EMISSIONS
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FIGURE 40. 2010INDUSTRIAL PROCESS EMISSIONS
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FIGURE 41. CO,eEMISSIONS BY NON-ENERGY RELATED INDUSTRIAL PROCESSES
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Figure 40 presents the GHEnissions (nomwombustion) from the industrial process in
2010. Ozone depleting substance (ODS) substitutes had the largest contribution to
industrial process emissionspresentingpproximatelys4% of total CQe emissions.
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This is followed by C@emissions from titanium dioxide (TgPproduction which
representedpproximately26%, CH, emissions from oil refiningrepresented
approximatelyl4% of gross GHG emissionsdim non-energy relatedndustrial sector
emissims. Methaneemissions from olil refining and natural gas T&Epresented
approximately 5% and C{@missions from soda ash consumption wieslowest with
approximately 1%. Historically emissions for ODS canption exceeded all other

emissions in 1998 when it surpassed emissions from gn@luction agigure 41shows.

4.3.2.2 Ozone Depleting Substance SubstituteBhe GHGs associated with

ozone depleting substances (ODS4d)stitute emissions includgdrofluorocarbons
(HFCs) and prfluorocarbons (PFCsHydro fluorocarbons (HFCs) are used

primarily as alternatives to several classeszone depleting substanc&@zone
depleting substances which include chlorofluorocarbons (CFCs), halons, carbon
tetrachbride, methyl chloroform, and hydro chlorofluorocarbons (HCFCs), are used
in a variety of applications including refrigeration and air conditioning equipment,
aerosols, solvent cleaning, fire extinguishing, foam blowing, and steriliz&zone
depletingsubstances are being phased according to the Clean Air Act (CAA)
consistent with the 1990 Montreal Protocol.

The U.S. phaseut has operated by reducing in stages the amount of ODS that may
be legally produced or imported into the U.S. The Partidsetdontreal Protocol

have changed the phasat schedule over time, through adjustments and
amendments, and EPA has also accelerated the-pbaeader its Clean Air Act
authority. As the phasedown of virgin ODS continues, ODS uses will increasingly

reort to reclaimed material or alternatives.

Although their substitutes, HFCs and Rf-&e not harmful to the stratospheric ozone
layer, theyare powerful greenhouse gaselese substitutes are also used in
Delaware industries for refrigeration, awnditioning equipment, solvent cleaning,

sterilization and aerosol.
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Methodology

Delaware state level emissions for ODS substitutes were estimated based on national
emission8". Statelevel emissions of HFCs used as Ofibstitutes were estimated

by calculating pecapita emissions of HFCs used as ODS substitutes and then
multiplying percapita emissions by state populatidhe emission of ODS

substitutes come from many point sources, which makes the estimation abesiss
difficult.

EQUATION 6. EMISSION EQUATION FOR ODS SUBTITUTES

Per-Capita Emissions (MTCE/person)= National Emissions (MTCE) /national Populatio

StatelLevel Emissions (MTCE) = Per-Capita Emissions (MTCE/person) x State

Population

In 2010,gross ODSsubstituteGHG emission fromHis sourceepresented
approximately 5% of non-energy related industrial sector emissi@ssFiguret0
presents.Between 1990 and 2010DS substitute added a cumulative amount of
3.78 MMtCO.ein GHGsemissions tahe atmospherd-igure 42shows that ODS
substitute emissions from thisibcategory increased from 8.7%1@mtCO.e (888
mtCOxe) in 1990 to 0.33 MmtCge (333,211 mtCee) in 2010, an increase of
approximately 342%%.

ODS substitute emission started slowly fr8rfix10* MmtCO,ein 1990 to 0.04
MmtCO.e 1994. ODS substitute emissions then picked up between 1995 and 2006,
rising from 0.08MmMtCO,e in 1995 to 0.2MmtCO.e in 2006 as represented by the
concave profile in Fige 42. This indicated an increase in the consumption of ODS
substitutes due to economic growth during that peAcslowdown in emissions is
observed between 2007 and 2010, with emissions increasing from 0.29 in 2007 to

0.33in 2010. This may be a resoftdeclining economic growth during that period.

®IThe Chemical Manufacturers Associatiashington, D.C,)Alliance for Responsible CFC Policy (Arlington,
VA) Grant Thornton Consulting (Washington, D.C.)
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FIGURE 42. HISTORICAL ODS SUBSTITUTES EMISSIONS
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The rate of annual increase was determined ttB2.MmtCQe per year. This
significantincreasan ODS substitutes emissionanbe attributed to the increased
application of ODS substitutes in many household products since A990.

Del awareds popul ation steadily increased
products that contain ODS substitutes also incre&edl a wa r endission® D S

trend as provided in Figure 42 is consistent with the National GHG emissions trend

from the consumption of ODS substitutes. According to the U.S EPA 2011 GHG
inventory, ODS substitute emissions increased by 38,100% from 1990 to 2010.

Reference Case Projections for OC8bbstitutes Emissions

Projection emissions for ODS substitutes were estimated based on historical emission
trends This isbecause projected emissions could notddeulatedu si ng t he EPAD
projection tool due to a glikcin the tool.Using the trend line equation of ODS

substitutes historical emissions, GHG emission from this source category was

projected from 2011 through 2030. The trend line equation, with its slope as the

annual rate of emission, allows the incremkessimation of annual emissions over a

time horizon of 20 years.
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Cumulative GHG emissions from ODS substitutes is projected to be 11.07 MentCO
Figure43 presents projected emissions from ODS substitutes from 2011 to 2030.
Projection analysis shows thtae emissions trend for ODS substitutes is expected to
have a linear trajectory as represented in Figure 43.

Emissions from this sources category are projected to increase from 0.381MmtCO

in 2011 to 0.72MmtCO,e in 2030, an increase of approximat@lyo. The annual

rate of increase is projected to be 0.0182 Mm#Jer year. Projection analysis for

this source category indicate that as long as consumption levels for ODS substitute in
applications such agfrigeration and air conditioning equipmergyasols, solvent
cleaning, fire extinguishing, foam blowing, and sterilizatiemain the same, GHG
emissions will continue to increase. To reduce emissions, ODS substitutes that have

no greenhouse gas effects are needed.

FIGURE 43.PROJECTED GHG EMISSIONS FROM ODS SUBSTITUTES
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4.3.23 CO, Emissions from the Production of Titanium Dioxide

Titaniumdioxide (TiQ,) is a metal oxide commonly used as white pigment in paint
manufacturing, paper, food coloring, plastics, sunscreen and cexppiication’.

The DuPont Edgemoor facility in Delaware is the only producer of ifi@he State.
The facility has the production capacity of 154,000 Metric Tons pef’y&aanium
dioxide is produced through two processes from titanium ore: 1) dalprbcess and

2) sulfate process. The chloride process uses petroleum coke and chlorine as raw
materials, whichs a source o€0O, emissions. The sulfate process does not use
petroleum coke or any other forms of carbon as a raw material, and doestnot emi
process related GO The DuPont Edgemoor facility uses the chloride process to
produce TiG%. In the chloride process, petroleum coke is oxidized as the reducing
agent in the first reaction in the presence of chlorine and crystallized titanium oxide
(FeTiGs) to form CQ. Calcinateéf petroleum coke, (CPC) is used for the chloride
process. The chloride process is based on the following chemical reaction:

EQUATION 7. GENERAL EMISSION EQUATION FOR ODS

Step 1: 2FeTi@+ 7Cl; + 3C => 2TiCls + 2FeCk+ 3CO,
Step 2: 2TiC) + 20,=> 2TiO, + 4Cl,

The carbon (C) in the first chemical reaction is provided by petroleum coke, which is
oxidized in the presence of the chlorine and FeTiO3 (thmoififaining ore) to form

CO,. The TiCl, produced in the first reaction is oxidized at 1,600and the resulting
TiO, is calcinated to remove residual chlorine and any hydro chloric acid that may

have formed in the reaction.

“EPAO6s Technical Support Document for Titanium Dioxide:
2009

83 USGS 2009 estimates for Delawahép://minerals.usgs.gov/minerals/pubs/commodity/titanium/

% The sulfate process is not used for Ijp@vduction in Delaware

% A thermal treatment process in presence of air appliedegand other solid materials to bring abouharmal
decompositioror removal of a volatile fraction.
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Methodology

The Division of Air Quality (DAQ)collecteddat®®°0o n De | a w.@modudien Ti O
capacity fronthe U.S Geological Survey to calculate £#missions from TiQ
productionin the DuPont Edge more facilitfhe data was based on 2009 USGS
estimatesTo estimate the amount of G@mitted from TiQ productionthe 2009

U.S. EPA technical documéhfor titanium dioxide production was followed, which
was based 2006 IPCC guideliffesThe method that was used was consistent with

the IPCC Tier 1 method, which determined process relatece@i3sions based on
produdion activity data. A default emission factor of 0.4 metric ton C/metric ton
TiO.*? was applied to the estimated chloride process production. The emission factor

was taking from EPAOs GHG inventory for

EQUATION 8. CO, EMISSION EQUATION FOR TITANIUM DIOXIDE

CO; emissions= T1O2 productionX Emissions Factor

Based the above equation, DuPont Edgemoore prodid®@849 metricons (mt) of
TiO, in 201Q which corresponds to 159,909 mt(0.16 MmtCQe). The amount
of CO2emissions generated from TiProduction in Delaware was approximately
19% of gross GHG emissions from industrial proces3edble 12provides the results

of the CQ emission estimates from Ti@roduction.

The production of TiQin Delaware led to the emissiof approximately 3.5
MmtCO,e into the atmosphere between 1990 and 20%@rall, CQ emissions from
TiO, production trended downward with minor fluctuations from 1990 to 2010 as

Figure 44presents.

%2009 USGS TI02 Production Capacidata
YEPABs Technical Support Document for Titanium Dioxide:
2009

% |PCC 2006 Guidelines for National Greenhouse gas Inventories vol.1
%92012USEP A b SGHG-Biventory2012 http://www.epa.gov/climatechange/Downloads/ghgemissions/US
GHG-Inventory2012Chapter4-IndustriatProcesses.pdf
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TABLE 12. CO, EMISSION ESTIMATES FROM T10,
PRODUCTION
YEAR TIO, c™mT) | CO,(MmT)
PRODUCTION "°
(MT*)

1990 132,446 52,978 194,218
1991 120,334 48,134 176,458
1992 123,006 49,203 180,377
1993 113,781 45,513 166,849
1994 120,778 48,311 177,109
1995 134,236 53,694 196,844
1996 124,229 49,692 182,170
1997 130,252 52,101 191,002
1998 120,778 48,311 177,109
1999 119,964 47,986 175,916
2000 104,080 41,632 152,623
2001 104,854 41,941 153,758
2002 110,649 44,259 162,255
2003 103,858 41,543 152,297
2004 105,765 42,306 155,094
2005 93,940 37,576 137,753
2006 101,333 40,533 148,594
2007 96,342 38,537 141,277
2008 85,479 34,192 125,347
2009 92,676 37,071 135,901
2010 109,049 43,619 159,909

Data based on the Annual Air Emission Inventory and Emission Statement Facility Report submitted to DAQ by DuPont
Edgemoor.

"1 Using equation 6,arbon generated from TIO2 production is calculated. Then CO2 emissions are calculated uatitgahe
themolecular weight of Ce(m.w. 44) to the molecular weight of carbon (m.w.12): 44/12.
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FIGURE 44. HISTORICAL EMISSIONS FROM TITANIUM DIOXIDE PRODUCTION.
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Carbon dioxide emissions went frdil9 MmtCQe (194,218 mtCG@e) in 1990 to
0.16 MmtCQe (159,909 mtC@e) in 2010, a decrease of approximatel9olslt arate
of decreas®.003 MmtCQOye (30,000mtCGe) per year.

Reference case projection of GHG Emissidinem Titanium Dioxide Production
Projection GHG emissions for titanium dioxide (TiO2) production were estimated
based on historical emission trends. As stated in section 4.3.2.2 under the reference
case projection of ODS substitutes GHG emissions, projected emissions could not be
calcua ed using the EPAOsSs pr o] eldsingtbertrentd o o |
line equation offiO2 historical emissions, GHG emission from this source category
was projected from 2011 through 2030. The trend line equation, with its slope as the
annualrate of emission, allows the incremental estimation of annual emissions over a
time horizon of 20 yeard.he projection of GHG emissions from TiO2 production

was based on the assumption that production will continue to decrease over time as

historical datan Table 12 shows..

Greenhouse gas emissions from TiO2 production added a cumulative amount of 2.17
MmtCO,e between 2011 and 2030. Figure 45 presents projected GHG emissions

from TiO2 production from 2011 to 2030. As observed, GHG emissions are projected
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to decrease from 0.13dmtCO,ein 2011 to 0.083MmtCO,ein 2003, adecrease of
approximately 38%. The rate of annual decrease in emissions is projected to be 0.003

MmtCOs,e per year.

FIGURE 45.PROJECTED GHG EMISSIONS FROM T102 PRODUCTION
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4.3.2.4 MethaneEmissions fromNatural GasT&D and Oil Refining

The SIT groups emissioffilom natural gas transmission aail refining under
natural gas and oil systenidatural gas emissions come fromatural gas
transmissionsind distribution (T&D)ines,while al refining emissions come from

Delaware City refinery, the only refinery in Delaware.

Cumulatively, this source category added 0.90 Mm#C©O the atmosphere between
1990 and 2010According to FigurelQ, the emissions from oil refining and nadlr
gasT&D represented approximately% of gross emissions from industrial
processes with a combined emission of 0.09 Mm#&B6,818mtCge). Figure46
present the historical emissions from natural &P and oil refining in Delaware.
Methane emission from these sources jumped Bd in 200Go 0.08 as shown by
Figure 46because there was no emissiotadaported for natural gas T&D
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Delaware by the SIT from 1990 to 200G a result, zero emissioarfnatural gas

transmissionsvere reported for those years

FIGURE 46. METHANE EMISSIONS FROM NATURAL GAS TRANSMISSIONS AND OIL REFINING
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The following sections summarizie GHG emissions associated with both oil and

natural gas emissions sources in Delaware.

Natural Gas Transmissiorand Distribution Methaneemissiondrom natural gas

T&D comes fromleaks in natural gas transmissions and distribution piping systems.
These T&D systembaveoperated and maintained by four utilities in Delawarer

the last 10 years. The utiliti@sclude Chesapeake Utilities Corporation, Delmarva
Power & Light Company, Eastern Shore Natural Gas ComaadyDelaware Solid
Waste Authorit DSWA)'2. The natural gas pipeline systems aveharacterized into

two:

91 Local distribution lines These lines includessviceand main lines. Thegre

distribution pipelines that are used by local distribution companies to transmit

2 As of 2011, only Delmarva Power & light Company and Cheake Utilities Corporation operate and maintain
transmissions lines in Delawafteased on data submitted by Pipeline and Hazardous Material safety
Administration)
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natural gas to endseas. The pipelines are extensive networks of generally
small diameter and loypressure Gas enters distribution networks from
transmission systems@riousstations, where the pressure is reduced for
distribution within cities or townsMajor CH, emisson sources are chronic
leaks, meters, regulators, and mishafsiscording to theJ.S. Department of
TransportatiorPipeline and Hazardous Materials Safety Administration
(PHMSA)", Delaware currentlyhasapproximately3,069 miles of main lines
(280 milesare regulated bthe Federal Energy Regulatory Commissj@s)

well as 161,801 service lines with average service |smjtii0 feet.

I Transmission linesTransmission lines are large diameter, ligessure
pipelines that transport gas frggroduction fields, processing plants, storage
facilities, and other sources of supply over long distances to local distribution
companies or to large volume customehsvariety of facilities support the
overall system, including metering stations, mamaince facilities, and
compressor stations located along pipeline rou@smpressor stations,
which maintain the pressure in the pipeline, generally include upstream
scrubbers, where the incoming gas is cleaned of particles and liquids before
entering tle compressorsReciprocating engines and turbines are used to
drive the compressar€ompressor stations normally use pipeline gas to fuel
the compressorThey also use the gas to fuel electric power generators to
meet the compr e stsreguirensehteMajor&CH, endissienl ect r i ¢
sources are chronic leaks, compressor fugitives, compressor exhaust, vents,
and pneumatic deviced\ccording to thPHMSA, Delaware currently has
approximately 41ilesof transmission linefor natural gasunningthrough
the State

Methodology
Emissions from Natural GAs%D are calculated as the sum of emissions from

transmissions andistribution pipelines and end services. The act#tafor each

& http://www.phmsa.dot.gov/pipeline/library/dastats
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type of pipelingmiles of pipeline)s multiplied by thecorresponding emission
factor. The number of services is multiplied by a general emission factor and type
specific emission factors. Pipeline and service emissions are then converted to metric

tons of CQ equivalent and metric tons of carbon equivalant summedEquation 9

provided the general method of estimation.

EQUATION 9. EQUATION FOR NATURAL GAS TRANSMISSION

Emissions (MmtCé&2) = Activity Data(Miles of Transmission Lings Emission Factorft
CHg/mileg

FIGURE 47. METHANE EMISSIONS FROM NATURAL GAS T&D
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The activity data was requested from Higeline and Hazardous Material Safety
Administration (PHMA). The PHMSA submittediles of T&D pipeline in Delaware
from 2001 to 2010. Natural gas T&D has released a %0000 mtC@e (0.904
MmtCO,e) of CHsinto the atmosphergetweer2001and2010.Figure47 presents
the emissions from natural gas distribution from 2001 to 284®igure 47 presents
CH, emissions trended upward from 2001 to 2010 at the rate of 970 m{ieOyear.
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Emissions increased from 73,143 m#&@n 2001 to 81,107 mtG@® in 2010, which
wasa 10% increase Methane emissions from natural gas T&D in Delaware has been
increasing in line with increasing miles of T&D pipelinéscording to data recead

from thePHMSA, total T&D miles increased from, 261 miles in 2001 to

approximately 3180 miles in 2011, an increase of approximately 26%.

Oil Refiningand Transportation Methaneemissions from the refining of crude oll
are the focus in this sourcategory. Delaware City Refinery is the only sowte

CHa, in this source categoryCrude oil is delivered to the refinery where it is
temporarily stored before it undergoes fractional distillation and treatment. The
fractions are reformed or crackeddahen blended into consumer petroleum
products. Crude oil refining processes account for slightly over 2% of methane
emissions from the oil industry because of the, @Htrude oil is removed or escapes
before the crude oil is delivered to the refinery. Refined products have insignificant
(less than 1%) amounts of GEmissions.

Methaneemissions within the refinery occur due to venting, fugitive and combustion
emissons. Refinery systems bledowns*for maintenance and the process for
asphalt blowing, with air to harden asphalt, are the primary venting contributors.
Most fugitive emissions occur due to leaks in the fuel gas system. Refinery
combustion emissionscdiude small amounts of unburned QH process heater stack
and emissions as well as unburned,@am engine exhaust and flarés.2010,CH,
emissions fronDelaware City Oil efinery released approximately7a2 mtCO,e
(>0.01MmtCQe)"”” of CH, into the atmosphere.as a result oil refining operations.
The CH, emission amount in@LOwas estimated based data collected from the
Petroleum Administration for Defense District 1 (PADD1).

4 A blow-down is a vertical stadkat is used to vent the pressure of components of a refinery or other process if there is a

process problem or emergency

S The emission amount was based on Petroleum Administration for Defense District 1 (PADD1) data. Methane emissions
estimated based dacility data was 4,575 mtC@®in 2008
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Methodology

The activity factor (number of barrels of dityr each sector is multiplied by the
sectorspecific emission factor. These emissions are then converted to metric tons of
CO, equivalent and metric tons of carbon equivalent, and summed. Note that default
emission factors are available through 20@thane emissions from crude oil

refining in Delaware was estimated uskguationl10, the general emission equation

for petroleum systemdn addition to accounting for G4H€missions associated with
refining crude oil, the 20 GHG inventory also includkthe emissions associated

with transporting the crude oil to the refinery for processing. Methane emission can

occur due to venting from tanks and vessels loading operations.

EQUATION 10. EMISSION EQUATION FOR PETROLEUM SYSTEMS

Emissions (MmtCe@)=Act i vity Data (06000 barn/réed0s0 K
+ 1,000 (kg/mt) x 21 (GWP) + 106 (mt/Mmt)

The activity data used was barrels of oil refined in the State. The activity data was
based on DAQ calculated the amount of oil refined éalvare by using data
collected from the PADD %,

Figure 8 present ChHemissions from oil refining and transportation. Emissions
trended downward with slight fluctuations from 6,791 mi€@ 1990 to H)36
mtCQO,ein 2002 This was a decrease approximately 8% at the rate of
approximately 60.0ntCQO,e per yearln 2010, CH emission from the refinery was
zero due to the shot down in operatidns2009, the refinery was shut down
permanently as part of cestitting measures by Valero Energy Gangttion.

However in 2010 the Refinery was purchased by PBF EAergy

®The PADDs were created durilgorld War Il under the Petroleum Administration for War to help organize the allocation of
fuels derived fronpetroleumproducts, includingasolineanddiesel(or "distillate") fuel. They are currently used mainly to
collect oil production and refining data in the oil industry.

" The refinery was expected reopen in PBF Energy the restarted refinery operations 2011, processes heavy sour crude.
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FIGURE 48. METHANE EMISSIONS FROM OIL REFINING AND TRANSPORTATION IN DELAWARE
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Reference Case ProjectionfdNatural Gas Transmissions and Oil Refining GHG
Emissions:The Projection GHG emissions from natural gas transmissions and oil
refining were estimated based on historical emissions. Using the trend line equation
of historical emissions, GHG emission from this source category was projected from
2011 through 2030.1e trend line equation, with its slope as the annual rate of
emission, allows the incremental estimation of annual emissions over a time horizon

of 20 years.

Between 2011 and 2030, this source category is projected to add 0.90 MM¢CO
the atmospherEigure 49 presents projected GHG emissions fratnralgas
transmissions andil refining. As observed, pjectionanalysisprojectsan upward
trend that idinearfor GHG emissions from natural gas transmissions. Natural gas
GHG emissions projected tancrease from approximately 73,008 mt&Gn 2011 to
approximately 91,447 mtG@ in 2030an increase of approximately 25%.

Converselyemission from the refining process is expected to diminish with time
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based on historic emissidRigure 49 presentsrojectedGHG emission from oll
refining. Oil refining emissions is projected to decrease from approximately 7,253
mtCOse in 2011 to 4,716 mtC@ in 2030, a decrease of approximatel9635
However, the downward trend future GHG emissions from oil refiniagegpected

to mirror closely historic emissions as presented in Figuteed8useéhe amount of

oil refined fluctuates annually

FIGURE 49. PROJECTED METHANE EMISSIONS FROM OIL REFINING AND TRANSPORTATION
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4.3.2.5 Iron & Steel production

Steelis producedt integrated facilities from iron ore, or at secondauylities,

which produce steel mainly from recycled steel scrap. Integrated facilities typically
include coke production, blast furnaces, and basic oxygen steelmaking furnaces
(BOFs)orin some cases open hearth furnaces (OHBE®) steel is produced using a
basic oxygen furnace from pig iron produced by the blast furnace and then processed
into finished steel products. Pig iron may also be processed directly into iron
products. Secondgasteelmaking most often occurs in electric arc furnaces (EAFS).
The BOF is typically used for higtonnage production of carbon steels, while the

EAF is used to produce carbon steels and low tonnage specialty steels.
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Delaware has one secondary facility that produces iron ancsteetl byEvraz

Claymont Steelwhich is located in Claymont, Delaware. The Evraz facility utilizes
the EAF process for its steel production and relies on mainly scrap metal as it raw
materid Steel production in the EAEis performed by charging 100 percent

recycled steel scrap, which is melted using electrical energy imparted to the charge
through carbon electrodes and then refined and alloyed to produce the desired grade
of steel. Sincéhe EAF process is mainly one of melting scrap and not reducing
oxides, carbonds role is not as dominant
majority of scrapcharged EAF, C@emissions are associated with consumption of

the carbon electroded$n 201Q the CQ emission from Evraz was 31,564CO,e;

this was only % of norrenergy related industrial process emissions as shown in
Figure 40.

Methodology

The iron and steel subcategory focuses on €fiissions and the activitlata

required forthis subsector are the quantity of crude stgmioduced. C@emissions

were estimated by multiplying the activity data with the appropriate emission factors.
Statespecific data was required to estimate the €@issions for this source because

SIT default values were based on national averages, and data was not available for all
years, and may be inaccurate for Delaware. DAQ requested annual steel production
output from Evraz in order to estimate £&nissiongrom the EAF process. The

Evraz data, when received, included production outputs 2@dito 2010 only. The

data was imported into the SIT to estimate,€Qissions. The following general

eguation was applied to estimate £fmissions:

EQUATION 11. GENERAL EQUATION FOR ESTIMATING CO,FROM STEEL PRODUCTION

CO, emission = Steel Production x Emissions Factor

82006 IPCC Guidelines for National Greenhouse Gas Inventories 4.1
"9 Crude steel is defined as the first cast product suitable for sale or further processing.
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FIGURE 50. HISTORICAL CO, EMISSIONS FROM |RON AND STEEL PRODUCTION
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Figure 50 presenthe GHG emissions frord001 to 2010 GHG emissionrbm the
Evrazfacility peaked increased from 28,112 mt@@ 2001 to 31564 mtCQe in

2010, an increase of approximately 12%. Trendline analysis estimated the annual rate
of increase to be approximately 124 myeQ@er year. In 2009, there was dip in
emissions to 1937 mtCQe from 33,141 mtCé&& in 2008. Emissions later increased

to 31,564 in 2010.
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Table 13. Estimates of CO2 Emissions from Iron & Steel
Production
Years Facility Steel Carbon CO2 Emissions
Production Equivalents (mtCO2e)
Data (Metric (mtCe)
Tons)
2001 318,783 6,955 25,503
2002 313,619 6,843 25,090
2003 304,846 6,651 24,388
2004 379,485 8,280 30,359
2005 331,053 7,223 26,484
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Table 13. Estimates of CO2 Emissions from Iron & Steel
Production
Years Facility Steel Carbon CO2 Emissions
Production Equivalents (mtCO2e)
Data (Metric (mtCe)
Tons)
2006 384,169 8,382 30,734
2007 415,606 9,068 33,248
2008 375,818 8,200 30,065
2009 245,457 5,355 19,637
2010 394,552 8,608 31,564

Reference case Projectiorisr GHG Emissions from Iron and Steel Production

A projection analysis was not performed for GHG emissions from iron and steel
productionin Delaware. This is because@ December 13, 2013, Evraz is shutting
down all steel production operatiomsDelaware. This actiowasin response to
reduced market demand and the high volume of impatsrding to Evraz.

However, GHG emissions fronoin and steel production for the last 3 years were
calculated based on steel production outputs. Carbon dioxide emissions from Evra
steel production in 2011, 2012 and 2013 were estimated to be 9,13Qen8%&1
mtCOse, 7,794 mtC@e respectively. This indates a downward trend in emissions

thatcan be attributed to a slowdown in production activities.

4.32.6  Soda Ash Consumption

Soda Ash is a white crystalline solid that is readily soluble in water and strongly
alkaline. Delaware is not a sourcenattural or synthetic soda ash. However soda
ash is used domestically as a cleaning agent. Itis used as a raw material in the
production of glass, soap, detergents, or simply as an alkali to neutralize acids. Itis
also used to treat hardness in drimgkuater as well as wastewater treatment. This

2010 GHG emission inventory estimates &#missions from soda ash consumption.

Cumulatively, soda ash consumption is Delaware added 0.15 MmatGGhe
atmosphere between 1990 and 204®01Q Delaware cosumedl5,327metric ton
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of soda ash according to the U.S geological Survey (USGS). The tof@n@ssion
from soda ash consumption inX@Dwas 6361 mtCOe. This source contributed
0.1% of gross GHG emissions from then-energy related industrighrocess

emissionss shown by FigurdO.

Methodology

To estimate C@emissions from soda ash consumption, it is assumedrikanole

of carbon is released for every one mole of soda ash used. Approximately 0.113

metric tons of carbon (0.415 metric tons of £ released for every metric ton of

soda ash consum®d The activity data for this subsector was the annual amount of

soda ak consumed in Delaware. The SIT default activity Hatas multiplied with

the SI Téos default emission factor for sod

amount.

EQUATION 12. GENERAL EQUATION FOR CO, EMISSIONS FROM SODA ASH CONSUMPTION

CO, emission = Soda ash Consumed x Emissions Factor

Figure51 present€ O, emissions from soda ash consuimptin Delaware from 1990

to 2010 As observed ifrigure 51 CO, emissions from soda ash consumption in
Delaware generallyamained flatrom 1995 to 2007. However from, emissions
decreased from 7,268 mtG®in 1990 t06,361 mtCQe in201Q which was a

decrease of approximately 12#%missions decreased at the rate of approximately 26
mtCOye per year according to trendline analy$isere vasalso aslight dip in

emissiors from 6,810 mtCQe in 2008 to 6,006 mtC@ in 2009. However, emissions
increased to 6,361 mtG®from in 2010.

% EPA 2004Inventory of U.S. Greenhouse Gas Emissions and Sinks:2009
8lus. Geological Survey (USGS) in Soda Ash: Minerals Yearbook Annual Report (for trona production and soda
ash consumption by statleftp //www.census.gov/cir/www
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FIGURE 51. CO;EMISSIONS FROM SODA ASH COSUMPTION
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Reference Case Projectidior GHG Emissions from Sod&sh Consumption

The Projection GHG emissions from soda ash consumption were estimated based on
historical emissions. Using the trend line equation of soda ash historical emissions,
GHG emission from this source categorgsprojected from 2011 through 203The

trend line equationwith its slope ashe annual rate of emissigalows the

incrementakstimationof annual emissions ovaitime horizon of 2Q/ears.

Cumulatively, soda ash consumption is projected to add a total of 0.13 Metx€O
GHG emissions to the atmosphere. This source category is projected to represent
approximately one percent of nemergy related industrial sector emissions in 2030
as Figure 40 presents. Figure 52 presents projected GHG emissions from soda ash
consumption. Figre 52 shows that GHG emissions are projected to decrease from
0.007 MmtCQe in 2011 to 0.006 MmtC#e to 2030. This will be a decrease of
approximately 14%.
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FIGURE 52.PROJECTED CO;, EMISSION FROM SODA ASH CONSUMPTION
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44 RESIDENTIAL SECTOR

Emissions from the residential sector as desciibéiois reportconsistof direct emissions

from fossil fuel combustion for heating purposes as well indirect emissions associated
electricity consumption. To avoid double counting emissions, this section fanlgekrect
emissions In direct emissions associated with electricity consumption aeredwnder

section 4.1.2, GHG emissions associated with electricity consumption.

Cumulatively, GHG emission from thiesidential sector hasldedapproximately 24

MmtCO.e to the atmosphere frot®90 to 2010ln 2010, the residential sector represented
appoximately 8% of gross GHG emissions in Delaw&missions have been driven

primarily by CQ emissions from fossils fuel combustion in the residential sector. Fossil fuel
consumed in the residential sector between 1990 and 2010 include petroleumgaatural

wood and to lesser extent coal.

Figure53 shows that GH@missions from theesidentiakector fluctuated downward from

1990 to 2010Emissiondluctuated between 1.00 MmtG®and 1.30 MmtCe2 aspresented

in Figure 53 Emissions slightly decreaséom 1.08 MmtCQe in 1990 to 1.07 MmtC£ in
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2010,which was approximately 1% decrease in emissions. Emissions deceasade of
0.00% MmtCOe per year.

Figure 53. Gross GHG Emissions from Fossil fuel combustion

1.40 -

1.00 - \—N/P

Q

o 0.80 -

Q

£ 0.60 -

=

0.40 -

0.20 -

- OI‘_iIN'm'q'm'@"\lemloIHINIm'q'm'@"\lwlmlol
O OO OO OO O) O O)O) OO OO O OO O OO OO OO d
O OO OO OO OO OO OO OO OO OO OO O o o o
™ A A A A N AN AN AN ANANANANANN N

Year

Fluctuating seasonal temperatures contributed to fluctuating emissions levels observed in
Figure53. Figure54pr esent s, Del awareds averagenmini mu
Januaryfrom 1990 to 200%. Lower average temperatures lead to increased energy

consumption for heating purposes when compared to higher average minimum temperature

for the month of January. As Figure Btlicates similar spikes and dips in temperature are

observed in the emigsis trend presented in Figus8. Another factor that maaffects CQ

emissions form the residential and commercial sector is the fluctuating price of energy

including fossil fuels and electricity. The price of energy affects the demand for energy and

ultimately the CQemissions from consuming energy.

8 \Weather WarehousePast MonthlywWeather Data for Wilmington, Delawaf&Vilmington New Castle Gunty
Arpt") : JULY, 1948- 2013
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FIGURE 54. DELAWARE 8 AVERAGE MAXIMUM TEMPERATURE FOR JANUARY
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== Average min Temperature in January =ll=Average Max Temperature In January

Figure55resentemissions from the residential sector by fossils fu&ism 1990 to 2006,
GHG emissiongrom petroleuncombustion in th residential sector exceeded GHG
emissions from natural gas combustiNiatural gas GHG emissions exceeded petroleum
GHG emissions in 2006, at 0.50 Mmte&Cand petroleurat 0.49MmtCO.e.

Greenhouse gas emissions from natural gas increased from 1Z®IDtbecause natural gas
became more competitive due to decreasing prices. Demand and consumption for petroleum
decreased gradually to 0.44 Mmtg&0n 2008, but increased to 0.51 Mmt@an 2010 as

natural gas emissions remained flat between 2007 and 2010. Biguadhcates that fuel

switching in the residential sector from petroleum products to natural gas for heating

contributed to the slight leveling of GHG emissions from the sector

As Table 14 provides, Cf@missions from the residential sector were driven by petroleum

and natural gas consumption for heating purposes from 1990 to 2010. Coal was consumed to
a lesser extent. In 2010, zero GHG emissions came from coal consubguiarse the

amount of coal consumed in 2005 and 2010 years were reported to be zero as Table 14

provides.
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FIGURE 55. GHG EMISSIONS FROM RESIDENTIAL SECTOR BY FUEL
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TABLE 14. GHG EMISSIONS FROM RESIDENTIAL SECTOR FFC

MmtCO .e 1990 1995 2000 2005 2010
Coal 0.01 | 0.00 0.00 o9 -
CO; 0.01 0.00 0.00 - -
N,O 0.000| 0.000 0.000 - -
CH, 0.001| 0.000 0.000 - -
Petroleum 0.67 0.71 0.70 0.63 0.51
CO 0.67 0.70 0.69 0.63 0.51
N,O 0.002| 0.002 0.002 0.002 0.001
CH, 0.002| 0.002 0.002 0.002 0.002
Natural Gas 0.39 0.47 0.52 0.57 0.55
CO; 0.39 0.47 0.52 0.57 0.55
N,O 0.000| 0.000 0.000 0.000 0.000
CH, 0.001| 0.001 0.001 0.001 0.001
Wood 0.01 0.01 0.01 0.00 0.00
N-O 0.001| 0.002 0.002 0.001 0.001
CH, 0.007| 0.011 0.008 0.004 0.003
Total 1.08 1.19 1.23 1.20 1.07

8 The above dashes indicate GHG emissions were zero because no amount of coal was consumed in the residential

sector that year.
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Figure56 shows thain 2010,CO, emissions from fossils fuel combustion in the commercial
sector was the largest with approximately 99.61%, while the combined emissions of both

N>O and CH were both less than 1% (approximately 0.11% and 0.28% respectively).

FIGURE 56. EMISSIONS FROM COMMERCIAL SECTOR BY GHGS
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ReferenceCase Projection of GHG Emissions from the Residential Sector

The GHG inventory analysis shows that GHG emissions fremesidential sector are
expected to decrease from 1.07 Mm@ 2010 to 0.93 MmtC4 in 2011 Figure 57also
shows that GH@missions from the residential seatmreasedrom 0.93 MmtCQe in 2011

to 1.06 MmMtCQe in 2012 and decrease gradually@®6 MmtCQe (approximately 9%
decrease) in 203&s Figure 5presentsGreenhouse gas emissions will decrease at the rate

of 0.003 MmtCQe per year based on trendline analysis.

Analysis of estimated future GHG emissions from the residential sectotaf/&re
indicates that decline in petroleum consumption will contribute to the projected decrease in
gross GHG emissions from the residential sector.
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FIGURE 57. PROJECTED GHG EMISSIONS FROM THE RESIDENTIAL SECTOR
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Figure58 presents a breakdown of projected GHG emissions by fuel. Greenhouse gas
emissions from natural gas from the residential sector are projected to continue to increase
gradually from 2011 to 2030, while GHG emissions from petroleum consunwation

continueto decrease

As shownannual GHG emissions fromatural gagonsumption in the residential sector is
projected to increase from 0.48 Mmt&n 2011 to 0.56 MmtC£ in 2030, a modest
increase of approximately 8%. Trendliaealysis projects the annual rate of increase to be
0.002 MmtCQe per year. Conversel@gHG emissions from petroleum consumption in the
residential sector increased sharply from 0.45 Mm@ 2011 to 0.52 MmtC£ in 2012.
However, GHG missions ar@rojected to decrease frodn52 MmtCQe in 2012 to 0.40
MmtCO,e in 2030 according to Figur&5The decrease was approximately 7%, at the rate of
0.005 MmtCQe per yearGreenhouse gas emissions from wood and coal were not included

in the analysis because tb@ensumption of both fuels is expected to be negligible.
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FIGURE 58. PROJECTED GHG EMISSIONS FROM THE RESIDENTIAL SECTOR BY FUEL
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Figure59 presents the breakdown of GHG emissions by fuel in 2B88enhouse gas
emissions from natural gas consumpi®projected to be approximated® % of gross GHG
emissions from the residential sector, while GHG emissions from petroleum consuigiption

projected to be approximately 41% as presehteBigure 9.

In addition, CQ is projected to remain the GHG of concern in residential sector emissions
as the residential sector emissions analysis indidgigasre 60presents emissions from the
residential in 2030 by GHG. The analysis shows that €fiissions from the residential
sector is projected to be approximately 99.6% of gross GHG emissions, while the combined
emissions of MO and CH are projected to be less that 1% (approximately 0.15% and 0.24 %
respectively) Table B provides a summary @missiondy GHGs and fuel types from
residential sectaconsumption of fossil fueldt shows that GHG emissions from natural gas
consumption will be consistently higher than petroleum emissions from 2011 to 28I30. |
shows that C@emissions will beonsistently higher than all other GHGs.
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FIGURE 59. 2030GHG EMISSIONS FROM RESIDENTIAL SECTOR BY FUEL

FIGURE 60. 2030GHG EMISSIONS FROM THE RESIDENTIAL SECTOR BY GHG
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TABLE 15. GHG EMISSIONS FROM RESIDENTIAL SECTOR FFC
MmtCO ,e 2011 2015 2020 2025 2030
Natural Gas 0.48 0.54 0.55 0.56 0.56

CO, 0.48 0.54 0.55 0.56 0.56
N.O 0.000| 0.000 0.000 0.000 0.000
CH, 0.001| 0.001 0.001 0.001 0.001
Petroleum 0.45 0.48 0.45 0.42 0.40
CO, 0.45 0.48 0.45 0.42 0.39
N.O 0.001| 0.001 0.001 0.001 0.001
CH, 0.001| 0.001 0.001 0.001 0.001
Total 0.93 1.02 1.00 0.98 0.96

Conclusionof Residential Sector GHG Emissions Analysis

There is an indirect correlation between temperaturezah@ emission in the residential
sector Fluctuationsobserved irhistorical GHG emissiongrom the residential sector are
attributed to fluctuatingpistorical temperatur&from 1990 to 2010When seasonall
temperatures atew, fossil fuel consumption increases, which leads to an increase in gross
GHG emissionsWhile higherseasonal temperature leads to a decrease in the consumption
However, similar fluctuations in historical GHG emissions are not observed in projected
GHG emission is because seasonal temperature is not factored in the projectiorAmadel

result, goss GHG emission projections appear to be linear as presentgdiied+ presents.

In addition,the projected decrease@HG emissions fromesidential sectas driven by

primarily by fuel switching from petroleum twatural gasEmissions from natural gas
consumptiorwill continue to exceed emissions from petroleum consumption in the

residential sector because the demand for natural gas is expected increase due to decreasing
price. This makes natural gas more competitive thawlgein in the fossil fuel market and a
viable substitute for petroleum products in the residential sector. However, as Bgure 5
presents, GHG emissions from natural gas appears to be almost flat with slight increases as
GHG emissions from petroleum deares over timeThis is because natural gas

consumption is projected to exceed petroleum consumption well into the future.

8 What causes fluctuations in seasonal temperatures is beyond the scope of this report.
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4.5 COMMERCIAL SECTOR

Emissions from the commercial sector as described in this report consist of direct emissions
from fossil fuel combustion for heating purposes as well indirect emissions associated
electricity consumptiortHowever, b avoid double counting emissions, thestson focuses

only direct emissions. In direct emissions associated with electricity consumption are covered
under section 4.1.2, GHG emissions associated with electricity consunipten.

commercial sector emitted a total amount of 14.4 Mm#CiGto theatmospherérom1990 to
2010.Greenhouse gas emissions from the commercial seeredriven primarily by CQ

emissions from fossil fuel combustion for heating purposes

FIGURE 61. GHG EMISSIONS FROM COMMERCIAL SECTOR
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GHG emissions from theommercial sector represented approximately 6% of o gross GHG
emissions in 2010. Figure 61 shows that GHG emissions from the commercial sector
fluctuated upward at the rate of 0.01 Mm#@@om 1990 to 2010. Emissions increased from
0.58 MmMtCQe in 1990 td.84 MmtCQe in 2010, an increase of approximately 45%.
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Figure62 present§GHG emissions from the commercial sector by fuel type. As in the
residential sector, wood was also used for heating in the commercial sector between 1990
and2010 as presented Figure 62 However, the largest source of GHG emissions was
natural gas combustion. From 1990 to 2G#jssions from natural gas combustion were
close to emissions from petroleum combustiothexcommercial sector as Figure Gws.
However,in betwe@ 2002and 2010annual emissions foratural gagxceeded annual
emission fopetroleumgreat as Figure 62hows.In 2010, natural gas emissions were 0.66
MmtCO.e, while petroleum emissions were OMihtCO.e as indicated in Figure 62
Emissions from natural gas were larger than emissions frowlguatn during the period of
2002 and 2010 due to fuel switching fréw@ating oil, a derivative of petroleum,ratural
gas As prices declined for natural gas, it became more completive, \gudb increasing
GHG emission. Petroleum GHG emissions declined in response to less demand.

Annual GHG emissions from coal and wood remained very low betweerabl92010 as
presented in Figure 6Zhis is because the consumption odkand woodn commercial
sector heatings not as consideradlvhen compared toatural gas and petroleum
consumptionAlso, mal and wood emissions also decreased significantly dine to

increasing demanior naturalgas

Figure63 presents gross GHG emissions friita commercial sector by fuel type in 2010.
Greenhouse gas emissions natural gas was the largest with approximately 80% of gross
emission, while emissions from petroleum consumption were a distant second with
approximately 20%. Emissions from wood consuoptvere less than 1% (0.1%) while

emissions from coal consumption were zero becaoakewas not consumed in 2010

Figure64 shows that C&emissions from fossils fuel combustion in the commercial sector
was the largest with approximately 99.61%, while tombined emissions of bothMand

CH, were both less than 1% (approximately 0.11% and 0.28% respectively).
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FIGURE 62 GHG EMISSIONS FROM COMMERCIAL SECTOR BY FUEL TYPE
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FIGURE 64. 2010EMISSIONS FROM COMMERCIAL SECTOR BY GHGs
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Table16 provides a summary of emissions estimates based on fuel andTGE@ble

also shows thaBHG emissionsatural gagonsumptiorcontinued to increase from

0.22 MmtCQe in 1990 to 0.66 MmtCge in2010. In general, natural gas consumption
was the largest source of GHG emissions, followed by petroleum consumption, which
decreased in GHG emissions from 0.32 Mmi€@ 1990 to 0.1MmtCO,e in 2010.

TABLE 16. GHG EMISSIONS FROM RESIDENTIAL SECTOR FFC
MmtCO e 1990 | 1995 2000 2005 2010
Coal 0.04 0.00 0.00 - -

CO; 0.04 0.00 0.00 - -
N,O 0.000| 0.000 0.000 - -
CH, 0.000| 0.000 0.000 - -
Petroleum 0.32 0.25 0.34 0.27 0.17
CO; 0.32 0.25 0.34 0.27 0.17
N,O 0.001| 0.001 0.001 0.001 0.000
CH, 0.001| 0.000 0.001 0.001 0.001
Natural Gas 0.22 0.32 0.28 0.46 0.66
CO, 0.22 0.32 0.28 0.46 0.66
N,O 0.000| 0.000 0.000 0.000 0.000
CH, 0.000| 0.001 0.001 0.001 0.001
Wood 0.00 0.00 0.00 0.00 0.00
N,O 0.000| 0.000 0.000 0.000 0.000
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MmtCO2e

TABLE 16. GHG EMISSIONS FROM RESIDENTIAL SECTOR FFC

MmtCO .e 1990 | 1995 2000 2005 2010
CH, 0.001] 0.001 0.001 0.001 0.001
Total 0.58 0.57 0.63 0.73 0.84

Reference Case Projection of GHG Emissions from the Commercial Sector

Del

awar eds

commer ci al

sector

S

expanding

continue due to the economic recovery. As a result, GHG emissions in this sector are

projected to increase slightly or stabilize with fossil fuel consumpkigure 65

presers projected GHG emissions from the commercial sector. Gross GHG emission

from the commercial sector is projected to increase from 0.80 Mpet@®011 to 0.98

MmtCO.e in 2030, an increase of approximately 23%e rate of annual increase was

determined tde 0.007 MmMtC@e per yearUnlike historical emissines, Figure 6%loes

not show significant fluctuations becawssasonal fluctuations in temperature wese

factored in GHG emission projectiomodel.

FIGURE 65. PROJECTED GROSSGHG EMISSIONS FROM COMMERCIAL SECTOR
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FIGURE 66. PROJECTED GHG EMISSIONS FROM THE COMMERCIAL SECTOR BY FUEL
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Figure 66presents projected gross GHG enaiss by fuel. It shows that projected GHG
emissions from natural gas consumption are expectexceed GHG@missions from
petroleum consumption from 2011 to 203Wis is based on the assumption that natural
gas consumption in this sector will continue to replace petroleum consumption
Greenhouse gas emission from natural gas consumgfioojected to increse from

0.60 MmtCQe in 2011 to 0.76 MmtC4e in 2030 at the rate of 0.088MtCO,e per

year. This will be an increase of approximately 27%. Projected GHG emissions from
petroleum consumption will remain relatively flat with slight increase of approximately
10% from 2011 to 2030.

Figure 67 presents the projected percent contribution of each fuel to gross GHG
emissions from the commercial sector in 2030. Natural gas is projected to be
approximately 77% of gross contribution from the commercial sector yhitfeleum is

projected to be approximately 23%.
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FIGURE 67. GHG EMISSIONS BY FUEL FROM THE COMMERCIAL SECTOR IN 2030

Conclusionof Commercial Sector GHG Emissions Analysis

Natural gas consumption in the commercial sector is the most significant source of GHGs
based on historical data. Projected data also shows that natural gas consumption will be the
most significant source of GHGs in this sectdistorical GHG emissionsdm natural gas
increased significantly and apeojected to continue to increase slightBross GHG

emissions from petroleum consumption in the commercial sector decreased and are projected
to stabilize in the futureln order to achieve reduction in emissions from natural gas and

petroleum consumption, energy efficiency in the consumption fuel will have to be a priority.

4.6 AGRICULTURE SECTOR

According he2010 GHG inventory, the agriculture seatepresented onlgpproximately
4% of grossGHG emissions from economic sectors of Delawaith a total of 0.429
MmtCO.e (429,000 mtCe) . Sources of GHGemissionsn the agriculture sector of
Delaware consist adgricultural activities includingntericfermentation, manure

management, agricultural soil management and agricultural residue buHiging &
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presentshe total GHG emissions from the agricultural sector from 199016. 2Bmissions

fluctuated fromyear to year whilelec

reasing fron0.471M mtCO,e in 1990 td.429 MntCO,e in 2010 Emissions peaked in

1991 at 0.525 MmtCg, and reached its lowest point in 2005 at 0.425 Mnp¢eCRls was a
decrease of approximately 9.1%. The annual rate of decrea€e0028 MntCO,e per

year. Factors that significantly impacts agricultural sector emissions include the population
of livestock, fertilizer applications and crop production.

Figure 69 present GHG emissions by agricultural activities in 2010. Greenhouse gas
emissiondrom agricultural soil management represented the largest emissions from the
agricultural sector with approximately 56%. This was followed by manure management
representing approximately 36% of gross GHG emissions from the agricultural sector as
presentedn Figure 69. Greenhouse gas emissions from enteric fermentation represented
approximately 9%, and it was flowed by agricultural residue burning, which represented

approximately 1%.

FIGURE 68. GHG EMISSIONS FROM AGRICULTURE
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FIGURE 69. GROSSGHG EMISSIONS FROM THE AGRICULTURAL SECTOR IN 2030
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FIGURE 70. GHG EMISSIONS BY AGRICULTURAL ACTIVITIES
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Figure 70presents GHG emissions from the agricultural sector by activity from 1990 to
2010. Historical GHG emissions from agricultural soil management and manure management

remained the largest of the four activities from 1990 to 2010 as shown by Figure

Emissions from enteric fermentation stayed relatively flat at approximately 0.52 My@tCO
and emissions from agricultural residue remained the lowest emissepygrakimately
0.002 MmtCQe from 1990 to 2010.Table I provides a summary of estimates of

emissions by agricultural activities.

TABLE 17. GHG EMISSIONS FROM AGRICULTURAL ACTIVITIES
Emissions(mtCQOse) 1990 1995 2000 2005 2010
Enteric Fermentation 0.05 0.05 0.05 0.04 0.04
Manure Management 0.19 0.21 0.20 0.20 0.19
Agricultural Soil Management 0.37 0.31 0.38 0.28 0.30
Agricultural Residue Burning 0.00" 0.00 0.00 0.00 0.00
Total 0.609 0.575 0.626 0.520 0.532

Reference Case Projection of GHG Emissions from the Agricultural Sector

Figure 71presents future gross GHG emissions from the agricultural sector based on
projected estimates. Gross missions from the agricultural sector will remain relatively flat
from 2011 to 2030. 18011, gross emissions were 0M&tCO,e, andprojected tadecrease
slightly to 057 MmtCO,e, a decrease of approximately 2%. The rate of decrease was
projected to be a slight 0.0005 Mmtgper year.

Figure 72presend GHG emission®y agricultural activities i203Q Manure management
emissions are projected to remesthe largest share of emissions from the agricultural

sector with approximately 49%. This will be followed by GHG emissions from agricultural

soil management which is projected to represent approximately 37%. Emissions from enteric
fermentation and thieurning of agricultural crop waste were the lowest representing 9% and

1% respectively.

% Emissions estimates were rounded te2imal places
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FIGURE 71. PROJECTED GROSSEMISSIONS FROM THE AGRICULTURAL SECTOR
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FIGURE 72. 2030EMISSIONS BY AGRICULTURAL ACTIVITIE S
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FIGURE 73. EMISSIONS BY AGRICULTURAL ACTIVITIE S
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Figure73 presentprojectedGHG emissions from the agricultural sectordgyicultural

activities from 2011 to 2030. Emissions levels from agricultural soil management is

projected to be greater than all agricudduactivities followed by emissions manure

management, enteric fermentation and burning of agricultural crop waste as Figure 73 shows.
Figure 73 also shows that the difference between agricultural soil management and manure
management emissions is projecte narrow towards 2030, and emissions from enteric

fermentation is projected to remain parallel with emissions from agricultural waste burning.

4.6.1 Agricultural Soil management:

Nitrous oxide is generated from agricultural soil management doigriitation and
denitrification in the soils Soil management activities includiee application of
fertilizers, theapplication of managed livestock manure, irrigation, tillage and land
fallowing®. The method of estimating® emissions from thes®uces was based

| P C @étlsod’. Nitrous oxide emissions from agricultural soil management are

® The act of plowing land and leaving it unseeded
EPABds Emissions Invent ory I mprovement Plan Vol ume 1|11
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categorized into direct and indirecti® emissions due to the addition of fertilizers and
deposition of manure to agricultural soil.201Q agricultural soil maagement generated
0.194 MmtCQe as Table 13 provides

Historical Emissionof GHG Emissions from Agriculture Soil Management

Historically, agicultural soil manageme@HG emissionsvere the largesif all

agricultural activitiesvith a total of 7.22MimtCO.e between 1990 and 201. 2010,

N>O emissions from agricultural soil megement represented the larges emissions from
the agricultwal sector with 56% as Figure @8esentsNitrous oxide emissionfuctuated
between 0.25 MmtCg and 0.45 MmtCe®, peakingin 1991 at 0.41 MmtCg and
reachingts lowest point in 2005 at 0.28 MmtG& Between 1990 and 2018,0
decreaseffom zeroM mtCGQs,e in 1990 td.194 MmtCQe in 2010, a decrease of
approximately 1%. Nitrous oxide emissiordecreasa by 0.002MmtCO.e per year as

determined by trendline analysis.

FIGURE 74. N,O EMISSIONS FROM AGRICULTURAL SOIL M ANAGEMENT
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Reference Case projection &HG amissions from Agricultural Soil Management
Figure 75 presents projected,® emissions from Agriculturaoil management.

Projected emissions estimates for this subsector were based on higibemi$sions

from 1990 to 2010. The SIT utilized the trend line equation of the historical emissions to

predict future emissions.

Nitrous oxide emissions frorgricultural soil management were projected to represent
approximately 49 % of gross emission from the agricultural sector as presented in Figure
72. This is because,® emissions are expected to decrease by 12.5 % from 0.32
MmtCOse in 2011 to 0.28 MmtC& in 2030 as Figure 75 indicates. Emissions are
projected to decrease at the rate of 0.002 Mmé&Js@r year. The totalJ® emissions
projected to be released into the atmosphere 2011 to 203 is 5.98 WentCO

FIGURE 75. PROJECTED N,O EMISSIONS FROM AGRICULTURAL SOIL M ANAGEMENT
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4.6.2 Manure Management:

Greenhouse gas emissions from manure management stayed relatively flat at
approximately 0.200 MmtC# every yeaCH, and NO were generated by livestock
manure management in the agricultisattor of Delaware. CHk produced by the
anaerobic decomposition of manure, whilgONs produced by the nitrification and
denitrification of nitrogen in livestock manure and urine. ThEOZBHG Emissions
inventory estimated the GHmissions from eacinimal by estimating the quantity of
volatile solids produced by each animal type and converting it to metric tons of carbon

emitted.

As shown by Figuré9, manure management was the second largest source in the
agricultural gctor, emitting approximaty 36% of total emission from the sector2010
Emissions from manure management are dependent on animal population which
fluctuates throughout the year and makes it hard to get accurate estimates for each year.
Therefore, using single point estimathsrses and sheep), multiple point estimates

(cattle and swine), or periodic estimates (goat), introduces uncertainties into the emission

estimate®.

Analysis of Manure Management Emissions

As Figure 76hows, fluctuations were observed in emissions from manure management
sources of GHGs in Delaware. Thighest point was in 2003 with 0.21nMCO,e and

the lowest point in 1990 with.19 MmtCO,e. Emissions increased by approximately

10.%% between 1990 an1995 0.21MmMtCQO,e). On the other hand, emissions decreased

by 95% between 20030(21MmMtCOe) and 201@0.19MmMtCOe). An analysis of the

data show the emissions decrease0.6902 MntCQO,e per year between 1990 and

201Q The slight fluctuations in erssions from manure management can be attributed to
changes inivestockpopulation.Accordingtothea n i ma | |l i vestock dat a
inventory tool, animal livestock in Delaware decreased by approximately 6.5% from

2002 to 2010, which contributed decrease in emissions observed in Figée 7

8 U.S. EPA State Inventory Tool Methane and Nitrous Oxide from Agriculture Module
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FIGURE 76. GHG EMISSIONS FROM MANURE M ANAGEMENT
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Del awareds | ivestock population decrease w

pressur®. Farmlands, including pasture and range lands, are necessary for grazing

animal livestock. The decline in these types of land will continue to impact livestock
population in Delaware. According to the National Resource Inventory @dRucted

by theU.S. Department of Agriculture'@JSDA) Natural Resources Conservation
Service(NRCS) since 1989, Delaware has lost 14.3% of its agricultural land, which
includespasture and rangeropandconservationeserveprogramland between 1982

and 2007. In@diton,Del awar eds Department of Agricul't
that since2002, Delaware has lost approximately 30,000 acres of farmland, due to

conversion of farmlands to residential aswl dher issues

In spite of the conversion farmlantisresidential useahe NRI showed that Delaware
protectedl.06 acres of agriculturédndfor every acreleveloped In addition, laware
still has more than 510,000 acresagficulturalland, which is40%o0 f t h etoté€bt at e 6 s

landarea. The Delawaré\gricultural Lands Preservation Foundation and DDA have

89 Conversion of farmlands teveloped landéndustrial, residential and commercial real estate)
 http://lwww.nrcs.usda.gov/wps/portal/nrcs/detail/national/landuse/rangepasture
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permanently preservedd,692 acres dagriculturalland and an additional 2,131 acres of
forestland (eighteen percent of the tptal Delaware preserves more farm land than any
other state in the nation. The preservation of agricultural land will slow the decline in
livestock population, which will in turn slow decreasing emissions from manure

management sources in Delaware.

Reference Case projection of GHG Emissions frdvianure Management

Figure 77presentprojectedmanure management GHG emissionsnfi2011 to 2030.

The SIT utilized the projected population of animal livestock to predict future GHG
emissions from this subsectre | awar eds ani mal l i vestock po
increase by approximately 7% from 2011 to 2030.

FIGURE 77. PROJECTED GHG EMISSIONS FROM M ANURE M ANAGEMENT
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Greenhouse gas emissions from manure management are projected to represent 43% of
grossemissions from the agricultural sector in 2030 as represented in Figure 72.
Emissions are projected to increase from 0.22 Mm&d®2011 to 0.24 MmtC4e in

2030 as indicated in Figure 77. This will be an increase of approximately 9%.

“Del awareds de p ar t mkedadelawdre.gbvwpressel2009 ur e : http: /
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4.6.3 Enteric Fernmentation:

Enteric fermentation is the microbial fermentation of digested food in athiresiock.

The byproduct of this process is GHvhich can be exhaled or eructated (belched) by the
animal. The amount of CHhe animals produce depends on thesliye systems of the

ani mal s. Del awareds ani mal included catt]

various types of animals were multiplied by the respective emission factors.

Total CH, emission from livestock wasstimaed by multiplying thepopulation of
different types of livestock with respective emission fadfor§he U.S Department of
Agriculture (USDA) provided da on emission factors. In 201@HG” emission from
this subcategory wa8% of gross emissions from the agricultural seashown by
Figure69. This was a contribution @.04 MmtCO,e to gross agricultural sector

emissions.

Analysis of Enteric FermentatiorGHG Emissions

As Figure B presentsemissions from enteric fermeatibn fluctuated downward from
1990 to 2010 The Emissions decreased fromd5 MmtCOe in 1990to 0.04MmMtCOe

in 2010, a decrease of approximatel$20Emissions decreased at a rat8.6006
MmtCO,e per yearMethane emissions reached a maximum amount of 0.06 MgtiGO
1993 and reached dippeal@.04 MmtCQe in 2003 as shown in Figur8.7

Decreasing emissions from enteric fermentation could also be attributed to decreasing
livestock population in Delaware. The declining populations of ruminant animals that
produce methane from the microbiafmhentation of digested food lead to reductions
enteric fermentation emissions. Another way in which, €idissions are reduced from
enteric fermentation is by the uaeaerobic manure digesters. Anaerobic digesters

produce methane gas that may be useti¢ating and generating electricity.

922010Greenhouse Gas Emissions Inventory Developmentidige 29
% GHG emissions includeJ® and CH
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FIGURE 78. CH4EMISSIONS FROM ENTERIC FERMENTATION
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Reference Case projection of GHEmissions from Enteric Fermentation

Methane emissions from enteric fermentation are projected to represent 8% of gross
GHG emissions from the agricultural sector with a total of 0.04Mm&3® 2030.
Cumulative emissions fromnteric fermentatiofrom 2011 to 2030 are projected to be
0.85MmtCQe.

As Figure 79resents, Clklemissions are not expected to change much, remaining flat
from 2011to2030However, i f Delawareb6s |livestock p
basedon historical CH emissions similar tthe trend presented in Figure, f8ojected

emissions will also dinmish with time
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FIGURE 79. PROJECTED CH,4 EMISSIONS FROM ENTERIC FERMENTATION
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4.6.4 Agricultural Residue Burning:

In addition to the above sources of GHG emissioneamatfricultural sector, this 2010
GHG emissions inventory also identifies a minor source,f &hd CH. Agricultural
residue burning in Delaware falls under the category of preséfibeths and cannot be
performed without a permit. They are conducted for land clearing and field nannte

purposes.

The emissions from agricultural residue burning were estimated by multiplying crop
production by emissions factors including residue crop ratio and combustion efficiency.
In 201Q this sourceepresented approximatedy4% of agricultual sector GHG

emissions, with an amount 6f0@ MmtCO,e (2000 mtCQe).

Analysis of Total GHG Emissions frorAgricultural Source Category

As Figure80 presentsGHG emissions from agricultural residue burning fluctuated
betweer).0035MMtCO,e and0.0015MMtCOe between 1990 and 20 as Figure 80
indicates Average emissions were approximately 0.002 MnmgEand cumulative

% Information on prescribed buristp://www.dnrec.delaware.gov/whs/awm/Info/Pages/OBPrescribedBurns.aspx
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emissions from 1990 to 2010 totaled 0.004 Mm¢€Or'he highest point was in 2000
with 0.0031MmtCQe (3,156 mtCQe) and the lowest point was in 2002 w0018
MmtCO,e (1,806 mtCQe).

FIGURE 80. EMISSIONS FROM AGRICULTURAL RESIDUE BURNING

0.004
0.003
0.003
Q
o 0.002
O
£ 0.002
=
0.001
0.001
) O 4 N M T IO OMN00 OO O 1 AN M SSTLW O N~ O O
OO OO OO OO OO OO OO OO OO OO O O OO O OO OO O d
O OO OO OO OO OO OO OO OO OO O OO OO OO O O o o
™ A A A NN AN AN AN AN ANANAN NN
Year

Reference Case projection &HG Emissions fromAgriculture Residue Burning
Cumulative GHGemissiondrom agriculture residue burning between 2011 and 2030 are
projected to be 0.05MmtC®. GHG emissions are projected to represent approximately
less than 1%0.4%) of gross GHG emissions from thgricultural sector as Figure 72
presentsFigure81 showsthat projected emissions wétabilizeat approximately 0.002
MmtCO,e as indicated byhe straight line. GHG emissions will decrease slightly by

approximately 4%.

However, historical emissions from agricultural residue burning show significant
fluctuations from 1990 to 2010 as presented in Figure 80. Likeatdeal future
emissions estimatdar agricultural residue burniraye expected to reflect similar
fluctuations observeith the historical GHG emissions from this souaseopposed to the

linear trajectoryobservedn Figure 81
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FIGURE 81. PROJECTED EMISSIONS FROM AGRICULTURAL RESIDUE BURNING
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Conclusionof Agricultural Sector GHG Emissions Analysis

In spite of significant fluctuations observed in gross historical @Hissions fronthe
agricultural sectqrovertime emissions remained stable with only a slight decrease.
Projected GHG emissions from the agricultural sector also remained stable glith sli
decrease overtim&ased on historic and projected emissions data, gross GHG emissions
from the agricultural sector is not expected to change significantly ovegongoss

GHG emissions from this sector will not trend upwards in the nearest future.

Projected reductions in GHG emissions wabserved imone livestock activities such as
agricultural soil management and emissions in agricultural residue burning. Both
activities provide opportunities for potential additional reductions in overall GHG
emissions from the agricultural sechyr producing healthier crops, (which trap more
GHG) reducing tillage and minimizing residue burningthe livestockpopulation in
Delaware continue® decrease, then GHG emissions from the other agricultural

activities will also continue to decreass well
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4.7 WASTE M ANAGEMENT SECTOR

In 2010, GHG emissions from theage management source category represented
approximatelyl% of total emissionffom Delaware. The primary GHGs of concern from
Del awareds wast e majfandNeOemiasionsEmissiors fromihe r e
waste management sector came primarily from two sources: landfills facilities and
wastewater treatment planide total G1G emission in Cge from the waste management
sector in 2@0 wasapproximately0.12MmtCO.e. Total emissionsvere estimated by adding
up GHG emissions from both wastewater treatment and MB&#veen 1990 and 2010, the
waste management sector released 8.65 M@0 the atmosphere Figure82 presents
historical emissions frorthe waste managemesgctor. From 1990 to 20, GHG emissions
from the waste management sector decreased bgxapyately 796 in emissions as Figure
82 indicate.

According to Figure2, GHG emissions from waste managenssdtor had a significant
decreasd990 to 2010This decrease was primarily influenced by significant reductions in
GHG emissions from landfilkctivities as shown in Figu&3. Landfill emission reductions
resulted from changes made to landfill piges including methane recovétpy flaring and
landill gas recycle for energy use.

In addition to these changes, the prohibition on waste incineration in Delaware enacted in
2000 also contributed to tmeductions GHGmission from the waste managent sector
observed in Figure®B As Figure83 shows,GHG emissions from wastewater treatment
increased steadily between 1990 and 2002004, landfill emissions dropped below
emissions from wastewater treatment. Tdl@rovides estimates of total GHG emissions

from landfill activities and wastewateeatment.

9% Methanerecoveryincludes captured methane that is destroyed by flaring or converted for energy use.
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FIGURE 82. NET GHG EMISSIONS FROM WASTE MANAGEMENT
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FIGURE 83. HisTORICAL GHG EMISSIONS BY WASTE MANAGEMENT SOURCES
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TABLE 18.GHG EMISSIONS FROM THE WASTE M ANAGEMENT SECTOR IN

MwmT CO%e
Sources 1990 1995 2000 2005 2010
Landfill 0.06 0.07 0.08 0.08 0.09
Wastewater Treatmen 0.51 0.56 0.38 0.08 0.03
Total Emissions 0.58 0.63 0.46 0.16 0.12

Reference Case Projection of Waste management GHG Emissions

The waste management sector is projected to represent approximately 6% of gross GHG
emissions in 203igure & presents gross GHG emissions from the waste management

sector from 2011 to 2030. Greenhouse gas emissions from this sector are expected to

diminish significantly due tginks in the waste management sector sudarasiill gas

flaring and recycling for energy uses. Emissions are projected to decreas8.28m

MmtCO.e in 2011 t60.58 MmtCQe in 2030 as presented in Fig@ This is a decreassf
approximately 152%. The rate at which GHGs will be removed from the waste management

sector was determined by trend line analysis to be 0.02 MpatB€ year.

FIGURE 84. PROJECTED EMISSIONS FROM WASTE M ANAGEMENT
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Figure85 breaks down projected GHG emissions from the waste management sector by
sources including wastewater treatment andfills. Figure85 shows that GHG emissions
from the waste management sector will be primarily driven by emissions from landfills.
Greenhaoise gas emissions fromiSW are projected to decrease fren32 MmtCQe in

2011 to-0.690 MmtCQe in 2030 as presented in Fig@&e This will be a decrease of
approximatelyl16%. Emissions will be removed from this sector at the rate of 0.02

MmtCO,e peryear.

According to projection analysi¥)JSW activities are projected to remove a total of 10.04
MmtCO,e in GHG emissions between 2011 and 2@thversely, GHG emissions from
waste water treatment is projected to remain flat as presented in 8guitd a slight
increase from 0.09 MmtC@ in 2011 to 0.11 MmtC4@ in 2030. Cumulative emission from
wastewater treatmebetween 2011 and 208 projected to b2.01 MmMtCQe

FIGURE 85. PROJECTED EMISSIONS FOR WASTEWATER AND MSW
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4.7.1 Landfill Activities

Greenhouse gas emissions from landfill activities inclugl@arily CH; emissionfrom
municipal and industrial landfill activitieMethane is generated landfills when

organic waste materials decompo8ecomposition first takes place aerobically, and
then theorganicwaste material&/ereconverted to simpler forms such as cellulose,
sugars, amino acids and fats by anaerobic proce¥dese substances are further broken
down through fermentation intotermediate organic compounds. Methaneducing
bacteria then convesthese compounds into stabilized organic materials and biogases

consisting of mostly Ck{Bingemer and Crutzet)

Landfills are artificial sinks because landfill covers contain niesothat allow for the
microbial oxidation of methane that is generated from biodegradable organic niatter. T

process is known as methanotrophy

In 2010, thetotal GHGemissiondrom landfills wereapproximaely 0.12 MmtCQse.

This representedpproximately a 79% decrease in emissions from MWBkh was

0.578 MmtCO2eThere was a sharp decrease inyErhissions from 0.625 MmtC@ in
1997 to 0.43MmtCO.e in 1998.Methane emissions also decreased sharply from 0.504
MmtCO,e in 2002 to 0.11MmtCOse in 2004.

Methane emissions fluctuated downward from 2004 to 2010 as presented in8Bigure
Therate of decrease in emissions was determined to be 0.03 MmfieDyearThe
decline in CH emissions from landfill sources in Delawaeceleratedn 1997 due to the
introduction of CH recovery in at the landfill sitetn Delaware, CHwas recovered
using two methods, flaring and landfill gasenergy conversidfi. Sections 4.7.1.3 and

4.7.1.4 discus€H, recoveryin detail.

96Bingemer, H. and P. Crut zen. 1987. AiThe Production o
research 922181-2187.

Alex Visschereth . 2007 . GdsGinkeAdificial Matisare Sinks .

% Methane gas from landfill emissions used as.fuel
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FIGURE 86. NET GHG EMISSIONS FROM LANDFILL ACTIVITIES
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Reference Case Projections for GHG Emissions from Waste Management
According to the 2010 GHG emissions resulet,@H, emissiondgrom Delaware

landfills areprojected to be in the gativevalues

Figure87 presents projected net GEmissions from industrial and municipal landfills.

Net CH, emission from landfills was0.319 MmtCQe in 2011, and is projected to
decrease te0.690 MmtCQe in 2030. This was a decrease of approximately 116 % at the
rate of 002 MmtCQe per yearThis means that between 2011 and 2030, the annual
absorption of Chiby landfill activities will increase by 116% at the rate of 0.02

MmtCO.e per yeamaking landfill activities in Delaware a major potential sink for,CH
The linear projection represented in Fig8ies based on the assumption that annual
methaneecoveryand oxidationwill increase with the amount of methane generated from
industrial,municipal landfillsas well as Delaware populatibetween 2011 and 2030
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FIGURE 87. PROJECTED NET CH4 EMISSIONS FROM L ANDFILLS
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Methodology

This 20L0 GHG emissions inventory characterized {&thissions from landfills by
estimating CH generation at municipal landfills, Gldeneration at industrial landfills,
CHarecovery, and Cldoxidation. Equation 13s the general equation used to estimate

net methane emissions from landfill activities.

EQUATION 13. METHANE EMISSIONS EQUATION FOR SOLID WASTE

Net CH, Emissions = Municipal Landfill CH, Generationi Municipal Landfill CH,
Recovery CH, Oxidation by Soil at MSW Landfills + Industrial
Landfill CH, Generatiori® - CH, Oxidation by Soil at Industrial
Landfill

% The U. EPA assumes that methane generation from industrial landfills is approximately 7% of methane generation
from MSW landfills.
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Gross Methane Emissions from Landfills using First Order Decay:

To determine ta amountof Cle mi t t ed at | andfill s, the SIT
model was used to estimate Zi¢neration. Methane emission estimates from the FOD

model are based on waste deposited at landfills over the past thirty years. These

emissions vary nainly by the amount of waste present in the landfill, but also by the

CHsgeneration rate (k).

The CH, generation rate varies according to the climate in which the landfill is located.
Delaware landfills are located in a rarid climaté® because the average rainfall in

Delaware is 45.68 inch¥s. The "k" value of 0.04 for landfills in nearid climates was
applied to Delaware in the s@enegation. EPAGSs SI T

A value of 100 n¥metric ton was applied to the GHeneration potential (). The first
order decay model was based on Equatien 1

EQUATION 14 FIRST ORDER DECAY OF WASTE TO GENERATE CH4
Qw=A*k*Rx*Lo*e™ ¥

Where, Q= Amount of CH generated in year T by the waste RX,
T = Current yar

x = Year of waste input,

A = Normalization factor, (&*)/k

k = CH, generation rate ()

Rx = Amount of waste landfilled in year x

Lo, = CH,; generation potential

Based on the results of the FOD modeling, gross emisBmmsDelaware landfills
increasedsteadily from 1990 to 2010

1%states in nosrid climates have averaganual rainfalthat is greatethan 25 inches
101 Data sourcesNational Climatic Data Centesevere thunderstorm / tornado watch data period is <128@8,NOAA Storm Prediction Center
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http://www.ncdc.noaa.gov/oa/ncdc.html
http://www.spc.noaa.gov/

4.7.1.1  Gross Methane Emissions frommunicipal and Industrial landfills: Landfills

were the largest source of anthropogenig €Hissions in this 201GHG emission

inventory. Gros€H, emission® from Delawardandfills totaled0.84MmtCOze
(835,702mtCOse) in 2010 GrossCH,4 emissions increaseat the rate of 0.013

MmtCO.e (12,816 mtC@e) peryear as represented by Figu &ross CH

emissions from landfill increased from 0.57 Mmt£@571,859 mtCee) in 1990 to

0.84 MmMtCQe (835,702 mtCege) in 2010. This is an increase of approximately 47%.

Gross CH emissionsncreased at the rate of 0.001 Mmte@er yearMethane

emi ssions from | andfi |l | s sdlidwesteeispegkal st eadi

landfills also increased

FIGURE 88. GROSSCH 4 EMISSIONS FROM LANDFILL ACTIVITIES
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GrossCH,4 emissions from landfillsame fromtwo sourcetypes: municipal solid
waste (MSW) landfill emissions and industrial landfilFigure & presents historical
emissions of Industrial and MSW landfills as determined by the FOD maslel.

Figure ® shows annualCH, emissions fronMSW landfills exceedeannualCH,

192\vjith the exclusion of Methane recovered by flaring and landfill gas converted for energy use.
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emissions from industrial landfillsytan order of magnitude. Between 1990 an@i®0
MSW landfills released approximately 13.3 Mmt&0nto the atmosphere, while
industrial landfill released approximately 0.93 Mm#@anto the atmosphere during
the same period.

FIGURE 89. GROSSCH 4 EMIssIONS FROM MSW AND INDUSTRIAL L ANDFILLS
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4.7.1.12 Gross CH Emissions from MSW Landfills Three MSW landfills in
Delaware were surveyed to estimate,@rhissions for this source category. The
Cherry Island Landfill (CIL) located in Wilmington, Central Solid Waste
Management Center (CSWMC) located in Felton and Southern Solid Waste
Management Center (SSWMC) located in Georgetown. All three landfills are
under the jurisdiction of Delaware Solid Waste Administration (DSWA). To
estimate the amount of Glemissions from these MSW landfill, data on the
amount of waste disposed at the landfills were collected from DSWA.

Between 199@nd 2010cumulative CH emissions from MSW landfills in

Delaware wer@approximatelyl3.3 MmCQe. Methane emissions from MSW

landfills in Delaware increased from 0.53 Mmt§534,448 nCO.e) in 1990 to
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0.78 MmtCQe (78L,030mtCOse) in 2010 as Figure 9fresent.This was an
increase of approximately 47%. Emissions increased at the rat#laf O.

MmtCO,e per year according to trendline analySiethane emissions from

landfills increasevi t h  De | a wa r,vehithsis ppoeqgted lo andrease by

approximately 12%rom 2011 to 2030.

FIGURE 90. GROSSCH4 EMISSIONS FROM MSW L ANDFILLS
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4.7.1.1.2Gross CH Emissions from Industrial Landfills: CH, emission from

industrial landfills does not include Glgeneration from industrial waste

disposed of into MSW landfills. This Gilgeneration is already accounted for
under MSW landfills Industrial landfills that were operational in Delaware
between 1990 and 20include Delaware Recyclable Product Inc. (DRPI), which
is a construction and demolition material landfill. Industrial landfills in Delaware
between 1990 and 20 also include DuPont Hay Road anatiwa Industrial

Waste Landfill.

The DuPont Hay Road lafilllis located on the Delaware River in Wilmington.

The DuPont Company used the sitedludge drying and disposal of byproduct
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material from the company's titanium dioxide pigment made at its Edgemoor
facility which is located further upstreaithe DuPat Hay Road was landfill was
closed in 1997.

The Motivalandfill was used by the Delaware City Refinery for disposal of

refinery wastes. Petroleum coke (a byproduct of oil refinery coke units and

cracker processes) and fly &hfrom the Delaware CitRe f i ner yds wast e
treatment plant from 1994 to 2004.

Other industrial landfills include fly ash landfills such as Invi€@anectiv, NRG

and Motiva ash landfill. Ash landfiligenerate very little greenhouse gases
because all of their organics avell broken down. Based on estimates of the
guantity of solid waste in place at industrial landfills and on the estimated organic
content of industrial landfills, as compared to MSW landfills, the U.S. EPA
estimates that CHyeneration from industrial malfills in the United States is
approximately 79 of the MSW landfill CH generation prior to adjusting for
flaring and recovery or oxidation. This 7% value was applied to estimate

Del awar eds i n djemissions m this 208GHG invemtdrys CH

Between 1990 and 2010, cumulative £#thissions from industrial landfills in

Delaware were approximately 0.93 MmgOFigure 4 presents gross CH

emi ssions from industrial landfills est
that CH, emission fronindustrial landfills equals 7% of CHmission from

MSW landfills. Figure 4 shows that Chlemissions from industrial landfills in

Delaware increased steadily frdh®37 MmtCQe 37411 mtCOse) in 1990 to

0.055 MmtCQe (54,672ntCOs€) in 201Q This was an increase of

approximately 4% at the rate 0.001MMtCQ,e per year as determined by

trendline analysisTable19 provides estimates of Glmissions from MSW and

industrial landfills.

103 Fly ashis one of the residues generate@¢@mbustion and comprises thime particleshat rise with thélue gases

%y, s. E P Emissiord ha:Btory Improvementdgram and State Inventory Tool
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FIGURE 91. GROSSCH 4 EMISSIONS FROM |NDUSTRIAL L ANDFILLS
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TABLE 19. CH4EMISSIONS FROM L ANDFILLS
Landfills 1990 1995 2000 2005 2010
MSW 534,448 | 580,840 | 604,667 | 690,120 | 781,030
Industrial 37,411 40,659 42,327 48,308 54,672
Total CH4(mtCOse) 571,859 | 622,504 | 646,994 | 738,428 | 835,702

4.7.1.2
Management The State Inventory Tool was modified to include state population

forecasts and projected per capita waste generation estimates, and then calculate
future emissions using the fistder decay model (FOD), the same methodology as

historical emissions are currently calculated in the state inventory tool for Waste.

Reference Case Projections for GHG Emissions from Waste

Figure @ presents, emsions from municipal solid waste (MSW) landfills are

projected to be mudlargerthanemissions from industrial landfill&\s Delaware

populaton continues to rise steadily, municipahtfill waste will also increase,

which in turn increases MSW emissio
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As Figure92 indicates, CHemissions from MSW is projected to increase from 0.6
MmtCO,e (555,997 mtC@e) in 2011 to 1.1 MmtCg (1,150,338 mtCg) in 2030.
This will be an increase of approximately 83% at the ra@®@8 MmtCQe per year.

FIGURE 92. PROJECTED CH4 EMISSIONS BY LANDFILL TYPE
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TABLE 20. PROJECTED CH4EMISSIONS FROM L ANDFILLS
Landfills 2011 2015 2020 2025 2030
MSW 555,977 | 678,732 | 834,189 | 991,503 | 1,150,338
Industrial 38,918 47511 58,393 69,405 80,524
Total CH4(mtCOse) 594,895 | 726,243 | 892,582 | 1,060,909| 1,230,862

MethaneRecovery: Methane recovery at Delaware landfills occurs in two ways:
1) Recycling landfill gas for energy use, which is calleddfill Gasto-
Energy (LFGTE)
2) Flaring landfill gas
The total amount of CHecovered is the sum of the amount of flared gas and the amount
of LFGTE. Data was collected from DSWA to estimate the tota €kissions avoided
annually. DSWA submitted flaring and LFGTE data for the period of 19971@ Zbhe
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recovery data was onhvailable from 197 according to DSWA. Figu@8 presents the

CH, emissionsecovered fronDelawardandfill from 1997 to 2010

FIGURE 93. AMOUNT OF CH4 EMISSIONS RECOVERED
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Between 1997 and 2010, a cumulative amount of 6.4 million metric ton of methane
has been flared or recycled for energy éseFigure 3 shows, CH emissions

avoided increased fro8668mtCO,e in 1997 to 97,237 mtCQe in 2010 The rate

of growth wag).061 MmtCQe (60987 mtCO,e) per year as determined by trendline
analysis. This increase in GEmissions waprimarily dueto the recycling of Chl

for energy use.

I n the | ate 19906s, there was an increase
power as the electric pownsrarket in Delawarexpanded rad became more
competitive. | meneavabkk partfblio standa@ES)raquieng e 0 S

power providers to have ¥of their power come from renewable resources by

2019°° began in 2007.

®pel awareods Publ i WelSSiterhttpi//depsc. @awaneigev/eléctigidelrps.shtml
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mtCO.e

4.7.1.3 Methane Emissions Recovered from LFGTBetweenl997 and 2010, a
cumulative amount of 4.6 million metric ton of landfill gas has lreegcled for
energyuse Figure94 presents the annual amount of Qidllected for LFGTE. The
figure shavs an incease from 1997 to 201A.FGTE amounts increased from 8%
mMtCOse in 1997 to 62D65mtCOse in 2A.0. This was an increase of approximately
13,600% at the rate 061,007mtCQO,e per year.

FIGURE 94. METHANE RECOVERED BY LFGTE
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4.7.1.4Methane Emissions Recovered froRiaring: Figure95 presents the amount
of CHsrecoveredannually due tdlaring landfill gas. As the chart shows, there was a
spike in the amount of CHllared in 2004. This was due to the expansion of the
flaring system.DSWA installed additional flaring units between 2003 and 2004 to
collect and flare excess GHvhich resulted in odor issues at that Cherry Island
landfill.

From 1997 to 2004 the amount of ¢itared increased rapidly from 25 mtCO,ein
1997to 297916 mtCO,ein 2004 an increase of approximately 1886. However,
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the amount of Cliflareddecreased significantlp 91,368mtCO,e in 2008, a

decrease of approximately 69%.

Table21 provides a summary of annual estimates of recoveredGhi flaring as
well as LFGTE. There were no Glrecovered inform 19®through 1996 as indicated

in Table21 by zero estimates 1990 and 1995However, CH recovery began in

1997, which led t@ gross Chlrecovery of 223,599 mtCG@ in 2000, 648,965
mtCOse in 2005 and 797,237 mtGOIn 2010.Table22 provides a summary

estimated Chlamounts recovered annually between 1990 and 2010.

FIGURE 95 METHANE RECOVERED BY FLARING
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TABLE 21. CH, RECOVERED FROM L ANDFILLS

Recovery 1990 1995 2000 2005 2010

Flare 0 0 82,776 206,682 175,172

LFGTE 0 0 140,823 | 442,283 622,065

Total CH4 Recovered 0 0 223,599 648,965 797,237
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Reference Case Projection of GHRecovered from Delaware Landfills

Projected estimates for flaring and LFGTE rates through 203f8aaesl on the
reported/default 2009 value. This approach allows for state specific activity data to be
utilized for estimating GHG emissions, which is the most accurate methodology
possible. Limitations can be found in the per capita landfilling rateaanill gas
collection projection factordNonetheless, this projection approach is the most

accurate method available based on current landfill characteristic projections.

FIGURE 96. METHANE RECOVERY FROM DELAWARE L ANDFILLS
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Methane recovery frorbelaware landfills is expected to continue increase through
2030. The projected cumulative ¢kHcovery between 2011 and 2030 is
approximately 29.4 MmtCg. Annual methane recovered through flaring and
recycling (LFGTE) is projected to increase from 0.9 t@@e (948,947 mtCe®) in
2011 to 1.2 MmtCee (1, 997,739 mtCg) in 2030 as Figureddndicates. This is an
increase of approximately 110% at the rate of 0.055 MmeQs@r year.

Figure ¥ presents Chrecovery data for both landfill gas flaring and LFGTE. The
data shows that the cumulative Pidcovered from LFGTE between 2011 and 2030
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is projected to be approximately 25.4 Mmt@QOThis will significantly be larger than
the CH, recovery due to flaringt Delaware landfills, which projected to be
approximately 4.0 MmtCe. As Figure 9 indicates, emissions are projected to
increase from 0.82 MmtC@ (820,173 mtCee) in 2011 to 1.7 MmCég (1,726,643
mtCOxe) in 2030. This is a projected increase of appnaxely 110% at the rate of
0.048 MmtCQe per year.

Methane emissions from flaring are projected to increase fromMItEO.e

(128,773 mEO,e) in 2011 to 0.27 Mn@O,e (271,096 NMEO,e) in 2030. This is a
projected increase of approximately 108% atrtite of 0.01 MmMEO,e per year.

Table 22provides a summary of GFmounts recovered annually between 2011 and
2030.

FIGURE 97. METHANE RECOVERY FROM FLARING AND LFGTE
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TABLE 22. PROJECTED CH4 RECOVERED FROM L ANDFILLS
Recovery 2011 2015 2020 2025 2030

Flare 128,773 | 157,981 195,131 232,872 271,096

LFGTE 820,173 | 1,006,202 | 1,242,815 1,483,189 1,726,643

Total CH4 948,947 | 1,164,183 | 1,437,946 1,716,061 1,997,739
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4.7.1.5 MethaneOxidized: The oxidation of Chat landfillsis a naturaprocess

by which landfill gas that is not collected passes through landfill cover soils on the
way to being released to the environment. Bacteria in the soil consume methane and
other volatile hydrocarbons that are produced by decomposition in the umglerly

waste by reacting it with oxygeRigure B presents data on the amount of CH

oxidized at Delaware landfdl

The amount of Chloxidized by the landfilcover at both municipal anddustrial
landfills was assumed to H@%of the CH, generated that is notcovered®®. To
calculate net Clklemissions, bothecovered and oxidized GMere subtracted from

the amount o€CH, generated at municipal and industtaidfills.

FIGURE 98. METHANE OXIDIZED AT LANDFILL FACILITIES
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The amounbf CH, oxidized increased from SI86 mtCO,e in 1990 to 6887
mtCOe in 1997, but lateretreasedo 40,655mtCO,e in 1998 and continued
fluctuating downwards asigure98 shows The overall reduction in the amount of
CHjoxidized was approximately 98 The rate of decrease wag37 mtCO,e per

1% pcC 2006, Mancinelli and McKay 1985, Czepiel et al. 1996
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year. This decrease was primarily the result of the increasgteCdbVery activities

at Delavare landfills from 1997 to 2010 able23 provides a summary @H,

oxidized at Delaware landfills betwe&890 and?01Q

TABLE 23. CH,4 OXIDIZED AT MSW AND INDUSTRIAL LANDFILLS (MtCO2€)
CH, Oxidized 1990 1995 2000 2005 2010
Oxidation at MSW 53,445 | 58,084 38,107 4,116 (1,621)
Landfills
Oxidation atindustrial 3,741 4,066 4,233 4,831 5,467
Landfills
Total CH4 Oxidized 57,186 | 62,150 | 42,339 8,946 3,846

4.5.2 Wastewater Treatment:

GHGs emitted from the wastewater sector in Delaware inclGitacand NO. Both

GHGs are emitted from thésposal and treatment of industtf] as well as municip&
wastewater. Methane is produced when organic material in treated and untreated
wastewater degrades in the absence of oxygen. Nitrous oxide is emitted from both
domestic and industrial wastewater containing nitreggmorganic matter. Nitrous

oxide s produced through the natural processes of nitrification and denitrification.

Factors that affect wastewater treatment emissions include population growth, cheimical
and biochemical oxygen demand. These factors were incoporated in the methodology for

estmating the emissions.

Delaware has 1Municipalwastewater treatment facilities. The facilities include major

}.09

and minor " wastevater treatment plants. Table grbvides a list of minor and major

wastewater treatment facilities in Delaware:

Default factors for wastewater outflow, indusspecific COD, and the fraction of industrial wastewater that is
anaerobically treated that are used to estimate emissions from industrial wastewegtdnventory of U.S.
Greenhouse Gas Emissions and Sinks (U.S. EPA 2010) are provided in the control sheet.

1% p A nventory of U.S. Greenhouse Gas Emissions and Sinks (U.S. EPA 2010) Tlhléo8data on annual
per capita protein consuad.

1% \vastewater Treatment Plants with flow discharges less than 0.8 MGD is considered minor.
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TABLE 24. LI1ST OF MUNICIPAL WASTEWATER TREATMENT PLANTS IN
DELAWARE
Facilities Major/Minor Discharge flow
(MGD)110

Bridgeville Major 0.8
Delaware City Minor 0.57
Greenville Country Club Minor 0.015
Harrington Minor 0.75
Kent County Major 16.3
Laurel Minor 0.7
Lewes Major 1.5
Lums Pond State Park Minor Minor 0.105
Middletown-Odessal ownsends Minor 2.5
Millsboro Minor 0.55
Milton Minor 0.35
Mobile Gardens Trailer Park Minor 0.06
Port Penn Minor 0.05
Rehoboth Beach Major 3.4
Seaford Major 2
Selbyville Major 1.25
South Coastal Region | Major 9
Wilmington Major 134
Winterthur Minor 0.025

Data source: Division of Water Resources

Between 1990 and 2010, wastewater treatment released approximately 2.08 J@mtCO
i nt o Del awa r @éeshousd gasmissipris excreased from 0.08 in 1990 to
0.11 in 2010. This was an increase of approximately 38%. The annual rate of increase

was determined to be approximately 0.002MmMt€O per year . Del awar e

growth is proportional to the growth of GHG eBimns from wastewater treaént.

Between 1990 and 2010 Del awar ed6s popul ation grew by

Emissions from wastewater treatment were divided into twecatdgories in the 2010
GHG emissions inventory. They included emissions from munieaipéindustrial
wastewater treatmerftigure 10Qprovides the breakdown of GHG emissions in 2010

from each type of emission sources in the wastewater management sector. Municipal

H10MGD: million gallons per day
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wastewater treatment was the largest contributor to gross GHG emissioriedrom
wastewater treatment sources representing approximately 99%. Emissions from

industrial wastewater treatment were only approximatelyag%igurel00 presents

FIGURE 99. GROSSGHG EMISSIONS FROM WASTEWATER TREATMENT
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FIGURE 100. GHG EMISSIONS BY WASTEWATER TREATMENT SUBCATEGORI ES
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TABLE 25. WASTEWATER EMISSIONS BY SOURCE (MT CO€
Wastewater 1990 1995 2000 2005 2010
treatment Sources
Municipal CH, 81,614 88,689 98,669 | 105,728 | 113,816
Industrial CH 1,932 1,909 1,112 962 967
Total 83,546 90,598 99,781 | 106,690 114,783

See Appendix J for details.

Table 25provides estimates of GHG emissions from wastewater treatment sourceses
including GHG emissions from

Methodologies

The methodéor estimating CHand NO from municipal wastewatéreatmentre

different. Therefore, the 2010 GHG emissions inventory included two methodologies in
order to estimate gross GHG emissions from municipal wastewater treatment sources.
The following subsections describe the methodologies used to estimater@is&tons

from each source type:

A. MethaneEmissions from Municipal Wastewater TreatmenMethane from
Municipal wastewater treatment came from organic materials in municipal solid
waste treatment. Methaamissions were estimated using the biochemical
oxygen demand (BODin the wastewater based on Emissions Inventory
Improvement Program (EIIP) method. To calculate methane emissions from
municipal wastewater treatment, the total annual B@Dduction in metric tons
was multiplied by the fraction that treated anaerobically and by the CH
produced per metric ton of B@Pconverted to metric tons carbon equivalent
(mtCe), and converted to metric tons carbon dioxide equivalent (3@)CO
Equation 15lescribes the method for estimating A&thissions from mnicipal

wastewater treatment:
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EQUATION 15. CH4EMISSIONS EQUATION FOR MUNICIPAL WASTEWATER TREATMENT

CH4 Emissions (kg Chj = BODs Treated Anaerobically (kg BQDyr) x CH,
EF(kg CH/kg BOD)

B. Nitrous Oxide Emissions from Municipal Wastewat&reatment
There are two types of A emissions from wastewater treatment: 1) Dire€@ N
from municipal wastewater treatment, and 2pNemissions from human sewage
waste treatmentDirect N;O emissions from municipal wastewater treatment
werecalculated by multiplying total population served by ga®Nmission factor
per person per year, converted to metric tons carbon equivalent (mtCe), and
converted to metric tons carbon dioxide equivalent (m&OMunicipal
wastewater PO emissions from bisolids (human sewage) were estimated by
multiplying the total annual protein consumption by the nitrogen content of
protein and fraction of nitrogen not consumed, a® Emission factor per metric
ton of nitrogen treated, subtracting direct emissionsyeaad to million metric
tons carbon equivalent (MmtCe), and converted to million metric tons carbon
dioxide equivalent (MmtCeg). Direct and biosolidsJ® emissions were then
added to produce an estimate of total municipal wastewater treata@nt N
emissons. The general equation for estimatingONfrom wastewater tresent is
described in Equation 16

EQUATION 16 NoO EMISSIONS EQUATION FOR M UNICIPAL WASTEWATER TREATMENT

Annual Emissions of 8 = Annual Total N in Wastewater (kg N)

from Wastewater (kiy20) X EF (kg MO-N/kg N) x 44/28

C. MethaneEmissions from Industrial Wastewater TreatmenT o estimate
emissions from industrial CHsources, annual wastewater productions were
multiplied by the industrgpecific Chemical (COD), fraction of COD treated
anaerobically, and the industspecific emission factor.
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EQUATION 17. CH4EMISSIONS EQUATION FOR INDUSTRIAL WASTEWATER TREATMENT

CH,4 Emissions (g Chj = Wastewater Production (I) x COD (g COD/I)
x Fraction of COD Anaerobically Treated (%)

x Emission Factor (g Ciig COD)

Analysis of GHG Emissionsfrom Municipal Wastewater TreatmentJsing the above
metlhods, CH and NO emissions from municipal wastewater treatment were estimated
and the results were added to provide gross GHG emissions from wastewater treatment.

As observed ifrigure 101 GHG emissions from municipal wastewater treatment
increased fron®.082 MmtCO,e (81,614mtCOse) in 1990 t00.114 MmtCO,e (113,816
mtCQOye) in 2010. This was an increase approximately39% during that period at an
annual rate oémissions increased annually by approximaiedyt 7 mtCO,e per year
This trend is expected to continmgh De | awa r e 60 duepodhe lineas t i o n
relationship between populatignowthandGHG emissiondrom wastewater treatment

aspresented by Figured3.

FIGURE 101 GHG EMISSIONS FROM MUNICI PAL WASTEWATER TREATMENT
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Analysis ofCH4 Emissionsfrom Industrial Wastewater TreatmentJsing the above
method for estimating CHemissions fromndustrialwastewater treatmergmissions in
this subsectowere estimated and the results were added to provide gross GHG emissions

from wastewater treatment

As observed in Figure 20CH,4 emissions fromindustrialwastewater treatment
decreased fron®.002 MmtCOse (1,932mtCOse) in 1990 t00.0001MmtCO,e (967
mtCQOye) in 2010. This was alecreasef approximately 5@ during that period at an
annual rate oémissions increased annually by approximai@y4mtCQO,e per year
The largest decrease observed was from IfmC0,ein 1999 to 1,112tCOein 2000,
a cecrease of approximately 37%. The overall decrease ye@isions from industrial
wastewater treatmeimt Delawarecan bepartly attributed todecreasing wastewater

treatment activities in the industrial sector doi¢he economic recession.

FIGURE 102 CH4EMISSIONS FROM INDUSTRIAL WASTEWATER TREATMENT
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FIGURE 103 DELAWARE G5 POPULATION GROWTH FROM 1990T0 2010
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Reference Case Projection of GHG Emissions from Municipal Wastewater Treatment
Wastewater emissions projections weatculatedoy multiplying national emissions

with DelawareS t a peecéntage afiational populationThe projected emission was
based on historic datdhe trend observed indicates a linear relationship between
population growth and wastewater treatment emissiams DelawareCumulative
greenhouse house gas emissions from wastewater treatmprijaoted to be 2.09
MmtCO,e between 2011 and 2030

As Figure 1@ presents, gross GHG emissions from wastewater treatment is projected to
increase from 0.09 MmtC@® in 2011 to 0.11MmtC@e in 2030. This is an increase of
approximately 22% at the rate of 0.001 MmtE@Q@er year.

Figure 1® presents projected emissions from wastewater treatment by the municipal and
industrial sources of wastewater treatment. The results show that emissions from
municipal wastewater treatment are projected to be greater than industrial emissions, and

are expeted to continue to increase into the future.
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FIGURE 104. PROJECTED GROSSGHG EMISSIONS FROM WASTEWATER TREATMENT
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FIGURE 105. PROJECTED GROSSGHG EMISSIONS FROM M UNICIPAL AND |INDUSTRIAL

WASTEWATER TREATMENT
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Greenhouse gas emissions from municipal wastewater treatment are projected to increase
from 0.09 MmtCQe in 2011 to 011MmtCg in 2030.This will be an increase of
approximately 22% at the rate of 0.0012 MmtEQer year. While GHG emissions from
industrid wastewater treatment apeojected to increase from 0.0003 Mmt§eGn 2011

to 0.0006 MmMtC@e in 2030, an increase of approximately 100%.

Conclusionof Waste Management Sector GHG Emissions Analysis

As a result current waste management activities, histdbe& emissiongrom

Del awar eds wast aecrmasedasigndicaetiy. AlsosGHG enoissions from
waste management sources are projected to generate negative emissions from 2011 to
2030. Ths is due to the significant reductions in GHG emissions from both industrial
and municipal landfiles a result landfill gas recovemowever, wastewater treatment
emissions increased gradually with population growth and projected to increase

gradually.

Historical and projected emissidnat a s h o ws twhast manBgereatwectore 6 s
is a carbon sink for GHG emissions. Municipal landfill activities such as flaring and
conversion of landfill gas to energy (LFGTE) have removed significant amouGtd Gf
emissions from Delaware landfills addition, methane oxidation laindfill covers

contributed to methane emission reductions and is expected to be a significant factor in
landfill emissions redumon in the futureOverall, approximately 7.2 MmtC@®was

removed from Delaware landfills between 1990 and 2010 due to landfill activities and

processes.

L AND T USE, L AND-USE CHANGE AND FORESTRY:

The 2010 GHG emissions inventory identified the tasd source sector as a major sink for

GHG emissionsn Delaware The GHGs associated with this sector are @@ NO.

Through the process of photosynthesis, carbon dioxide is absorbed by trees and plants and

converted to carbon in biomass. Carbon dioxide emissions occur due to dead biomass decay

as wellas forest fires. Carbon is stored for long time periods when forest biomass is

harvested for use in durable wood products. Carbon is also stored in soil. Carbon dioxide
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flux is the net balance of carbon dioxide removals from, and emissions to the laneosp

from the processes described above.

GHG emissions from the langse sector are estimated by calculating the greenhouse gas flux
from landuse sourcedNitrous oxide emission from land use sector is generated when
fertilizersare applied to soils aludinglawns, golf courses, and other landscaping within
settled areas.

Methodology

The CO; net flux from forest pools were derived from inventories of forest stock. Emissions
from harvested wood were determined by accounting for the variable rate of decay of
harvested woodThe land usenodulealsoestimates PO emissiongrom theapplicationof
fertilizers tosettlement soilsThe following GHG emissions estimates were included in this
sectorforest carbon fluxyrea fertilization urban trees, landfill yard trimmingsndfill food
scrapsandN,O from settlement soits". Projection analysisof land-use secto6GHG
emissionsvas not included in the SIT. As a result, the 2010 GHG emissions report did not

include projection in its analysis for land use emissions.

Land-use Emission Analysis

The 2010GHG emissions inventory identified the lanse sector as a major sttkfor GHG
emissions in Delaware. According to Figd@, netGHG emission from this séar has
been negative since 199%heremoval of GHGs from this sectgreaked in 206 with a ne
GHG removal ofL..17MmtCO,e as indicated in Figure 0 Between1990 andlL998, the
land use sectdrad positive emissiornstaling2.09MmtCO.e. Net emissions removed from
the land use sector totaled 11.04nkCOse between 1990 and 2010

Table 26provides estimates of GHG emissions from the land use sector. Carbon dioxide
emissions estimates associated with forest carbon flux was the largest GoGHG

emissions as Table 28ovides. This was largely due to €@missions from soil organic

111

Data source: tate Inventory Tool default data

12 A sink is theremoval of GHG from the atmosphere
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carban (carbon stored in soils due to biomass decay in the foréstg)rovided by Table 26
positive emissions were also generated b Mom settlement soils. On averaggON
emissions from settlement soils were estimated at 0.01Mpet@@nually from 199t
2010. All othercategories presented in Tabled@#herated negative to negligible GHG

emissions.
FIGURE 106. HISTORICAL LAND-USE CO, SEQUESTRATION
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TABLE 26. SINK ESTIMATES FOR THE L AND-USE, L AND-USE CHANGE
AND FORESTRY SECTOR
(MmtCO e)* 1990 1995 2000 2005 2010
Forest Carbon Flux 0.550 0.453 (0.834) (0.834) (0.754)
Aboveground (0.072) (0.072) (0.682) (0.682) (0.671)
Biomass
Belowground (0.009) (0.009) (0.128) (0.128) (0.127)
Biomass
Dead Wood 0.099 0.099 (0.155) (0.155) (0.086)
Litter 0.094 0.094 0.024 0.024 0.024
Soil Organic 0.436 0.436 0.201 0.201 0.201
Carbon
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TABLE 26. SINK ESTIMATES FOR THE L AND-USE, L AND-USE CHANGE

AND FORESTRY SECTOR

(MmtCO 2e)* 1990 1995 2000 2005 2010
Total wood 0.002 (0.095) (0.095) (0.095) (0.095)
products

Urea Fertilization 0.000 0.000 0.000 0.000 0.001

Urban Trees (0.217) (0.257) (0.298) (0.339) (0.379)

Landfilled Yard (0.032) (0.004) 0.001 0.005 0.006

Trimmings and Food

Scraps
Grass (0.001) 0.002 0.002 0.002 0.001
Leaves (0.013) (0.002) 0.003 0.005 0.004
Branches (0.015) (0.003) 0.002 0.004 0.003

Landfilled Food (0.004) (0.001) (0.006) (0.006) (0.003)

Scraps

N2O from Settlement 0.01 0.01 0.01 0.01 0.01

Soils

Total 0.310 0.200 (1.122) (1.160) (1.120)

See Appendix K for more details.

* The parenthesis indicate negative numbers or sequestration

Conclusionof Land-Use, Land Use Change and Forest3HG Emissions Analysis

The land use sector is a larger carbon sinks than the waste management sectoitbeeause
GHG generatiometween 1990 and 20#as-11.04 MmtCQe. Between 1999 and 2010,

the land use sector removed a total of 13.12 Mm&dtdmthe atmosphere. Though no

projection analysis was performed, GHG emissions from this sector are expected to remain

negative in the future.

The analysis of the land use sector highlights the potential for carbon sequestration projects

in Delaware as padf a statewide GHG emissions reduction stratégwe IPCC identified

two types of GHG emission reduction opportunities in this sector, which includes changing

the use of land and changing land management pradtid@sC C 6 s

Fourth

AsSsessr

on climae change 2007)**included example of hovand use change can redwmeissions

or sinks can be enhancelhey includeencouraging the transformation of cropland to forest

113|PCC Fourth Assessment Rep IPEGurth Assessment Report: Climate Change 2007
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andavoiding the conversion of forest landgettlementsOn the other hand, changesland
management practices could be achieved by improving land management practices on
existing landuse types. Bducing soil erosion to minimezlosses in soil carbon storage can
be employed to accomplish this. Another way is lapting after naturabr humanrinduced

forest disturbances to accelerate vegetation growth and minimize soil carbon losses.

49 EMISSION INVENTORY RESULTS BY GHGS

Figure 10 presents a breakdown of 2010 emissions by GHGs. Carbon dioxide emissions
represented the largest ennigss of GHGs with approximately 91% of gross emissions from
Delaware. This was followed R representing approximately 4%. The combined emission

of HCF, PFC and Sfrepresented approximately 3%, while idpresented 2% of gross
GHG emisions from Delawaras Figure 16 presents.

FIGURE 107. 2010EMISSIONS BY GHG
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Table 27 provides a summary of historical emission estimates from 1990 to 2010. Carbon

di oxide emi ssions from all sectors of Del aw:
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gross GHGemissions. Historically C&emissions exceeded other GHGs from 1990 to 2010

as summarized by Table 27.

TABLE 27. ESTIMATES OF EMISSIONS BY GHG (MTCO2€e)

GHG Sources 1990 1995 2000 2005 2010
Gross CO, 18.01 17.82 16.70 17.35 12.20
Netl14CGO;, 18.01 17.82 15.57 16.18 11.08
CO,from FFC 17.70 17.62 16.69 17.30 12.16
Industrial Processes 0.20 0.20 0.16 0.18 0.20
LULUCF* 0.30 0.19 (1.13) (1.17) (1.13)
CH4 0.69 0.75 0.56 0.33 0.27
Stationary Combustion 0.02 0.02 0.02 0.01 0.01
Mobile Combustion 0.02 0.02 0.02 0.01 0.01
Oil Refining 0.01 0.01 0.01 0.08 0.09
Enteric Fermentation 0.05 0.05 0.05 0.04 0.04
Manure Management 0.03 0.04 0.03 0.03 0.03
Burning of Ag Crop Residue| 0.00 0.00 0.00 0.00 0.00
MSW 0.51 0.56 0.38 0.08 0.03
Wastewater Treatment 0.05 0.05 0.05 0.06 0.06
N.O 0.80 0.82 0.86 0.69 0.60
Stationary Combustion 0.04 0.04 0.04 0.04 0.02
Mobile Combustion 0.21 0.26 0.25 0.18 0.08
Manure Management 0.15 0.17 0.16 0.16 0.16
Agricultural Soil Managemen  0.37 0.31 0.38 0.28 0.30
Burning of Ag Crop Residue| 0.00 0.00 0.00 0.00 0.00
N>O from Settlement Soils 0.01 0.01 0.01 0.01 0.01
Wastewater Treatment 0.02 0.02 0.02 0.02 0.03
HFC, PFC, and Sk 0.08 0.15 0.26 0.33 0.37
Industrial Processes 0.08 0.15 0.26 0.33 0.37
Gross Emissions 1947 19.53 1852 18.81 13.60
Sinks 0.31 0.20 (1.12) (1.16 (1.12
Net Emissions (Sources and 19.78 19.73 17.40 17.65 1248
Sinks)
Indirect CO, from Electricity 4.40 5.09 5.99 6.45 6.00

Consumption

114

Net CG is the result of applying CSink by subtracting C&xemoval by LULUCF from the atmosphere.
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The cumulative amount of G@mittedfrom Delaware sources between 1990 and 2010
was estimated to be 351.66 MmtgOThis was followed by MD with a cumulative
emission of 16.41 MmtC§@. Methane was third with a cumulative emission of 11.52
MmtCOe. Sulfur Hexafluoride, HCF as well as PFC lhacbmbined cumulative
emission of 5.94 MmtCg.

Reference Case projection Estimates

Figure108 presents a breakdown pifojected emission estimates for 2030. Carbon dioxide is
projected to mmain the most emitted GHG representing approxim&eBht of gross GHGs
emitted in 2030The combined emissions of HFC, PFC and iSkprojected to be as distant

2" representing approximately 7% of gross emissions, followed,Bye¥hissions, which is

projected to represent approxirligt4% as presented in kige 1.

FIGURE 108. 2030PR0OJECTED GHG EMISSIONS BY GAS
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Table 28 provides a summary of projected emission estimates from 2011 to 2030. Carbon

di oxide emission from all sectors of Del awar
contribution togross GHG emissions. The cumulative £&ission from Delaware sources

between 2011 and 2030 is projected to be 262.09 MagGQumulative MO emissions are
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projected to be a distant second with 12.19 Mm#Cé&hd the combined cumulative
emissions of S§ HCF as well as PFC are projected to be 15.58 Mm¢COumulative

methane emissions have the lowest projection with 0.02MraCA&> Table 28 provides,

gross CH emission is expected to diminish over as a result of Stks in the waste

management sector.

TABLE 28. PROJECTED ESTIMATES OF EMISSIONS BY GHG (MT CO€e)

GHG Sources 2011 2015 2020 2025 2030
CO; 12.02 13.03 13.41 13.56 13.77
CO2 from Fossil Fuel 11.88 12.90 13.29 13.46 13.68
Combustion
Industrial Processes 0.14 0.13 0.12 0.10 0.09
CHy4 (0.08) 0.09 0.01 (0.06) (0.15)
Stationary Combustion 0.01 0.01 0.01 0.01 0.01
Mobile Combustion 0.01 0.01 0.01 0.01 0.01
Oil Refining 0.09 0.33 0.34 0.36 0.36
Enteric Fermentation 0.04 0.04 0.04 0.04 0.04
Manure Management 0.04 0.04 0.04 0.04 0.04
Agricultural WasteBurn 0.00 0.00 0.00 0.00 0.00
MSW (0.32) (0.39) (0.49) (0.59) (0.69)
Wastewateil reatment 0.06 0.06 0.07 0.07 0.08
N,O 0.62 0.61 0.61 0.61 0.60
Stationary Combustion 0.02 0.02 0.02 0.02 0.02
Mobile Combustion 0.07 0.07 0.07 0.06 0.06
Manure Management 0.18 0.19 0.19 0.20 0.20
Ag Soil Management 0.32 0.31 0.30 0.29 0.28
Agricultural WasteBurn 0.00 0.00 0.00 0.00 0.00
Wastewateil reatment 0.03 0.03 0.03 0.03 0.04
HFC, PFC, and Sk 0.41 0.63 0.75 0.89 1.01
Industrial Processes 0.41 0.63 0.75 0.89 1.01
Total Emissions 13.23 14.24 14.67 14.91 15.15

4.9.1 Carbon dioxide (CQ)

Carbon dioxide (Cg) is an odorless and colorless gas at low concentrations.

Anthropogenic sources of G@nclude fossil fuel combustion, industrial processes and
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waste management. Because of its low global warming potential (GWH$ G@€kd as
the reference gas, for which the GWP of all other gases are based on. The anthropogenic
sources of C@in Delawae include fossil fuel combustion (FFC), industrial processes

and waste combustion.

In 201Q CO, emissons represented approximately?®@ross C@e emissions from
Delawareaccording to Figure B) which was a total af2.36 MmtCQe. Approximately
98% of CO, emissionsrom Delaware come from FFC, while the rest came from
industrial processes and waste management. Fl@9nerovides a breakdown of gross
CO, emissions by economsector. In 2019 CO, emissions in the transportation sector
representethe largest C@emission from fossil fuel combustion in Delaware with
approximately 3%. This wasdllowed byCO, emissiondgrom electric power
generation with 3%, CGO, emissionfrom the Industrial sector with ¥8, CO, emissions
from the esidentiasecor represented®, and CQ emissions from the commercial
sector representet?o of gross CQemissions from fossil fuel combustion.

FIGURE 109. 2010GR0SssCO, EMISSIONS FROM FFC BY ECONOMIC SECTOR
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Figure 11Q0presents gross G@missions from Delaware economic sectors from 1990 to
2010. Carbon dioxide emissions decreased gradually as Fitiishdws Carbon
dioxide emissions decreased by approximately 31% from 17.89 MyatC¥30 to 12.32
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MmtCO.e in 2010. Emissions peaked indBAwith 19.08 MmtCG@e and reached its
lowest point in 2010 with 12.32 MmtGe. Between 1990 and 2010, £€nissions

decreased annually at the rate of 0.20 Mnm#er year. This downward trend was

primarily caused by the decline in fossil fuel consumptioi n al | sectors of

economy from 1990 to 2008.

FIGURE 110. HisTORICAL CO, EMISSIONS
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Reference case Projection for G&missions
Figure111 presents projected G@missions from 2011 to 203Carbon dioxide
emissions arprojected to increase from 11.88ntCO,ein 2011 t013.69 MmtCQe in

2030, an increase of approximately 15 %.

Carbon dioxide emissions will increase at the rate of 0.08 Mre@ér yearThis

projection is based on the assumptionthat€ni ssi ons from all

economy will continue to increase with population and as well as economic growth.

Pagel58of 234

sect



Q
QY

MmtCO

16.00
14.00
12.00
10.00
8.00
6.00
4.00
2.00

Electric Powe

FIGURE 111. PROJECTED CO5EMISSIONS

29%

FIGURE 112. 2030C0O, EMISSIONS BY SECTOR

40%

Pagel590f 234

, 7%
Transportato!!

Residential
7%

Commercial

Industrial
17%



Figure 12 presents a breakdown of g@missions form fossils fuel combustion (FFC) in
2030. Carbon dioxide emission from the transportation sector is projected to represent the
largest share with approximately 40% of gross, €Qissions from FFC as presented on
Figure 12. This will be followed by CQ emissions from electric power generation
representing approximately 29 %. The industrial sector €ssions will represent the

third largest with approximately 17%. Emissions from residential and commercial are

both projected to represent 7%grbss CQ emissions.

49.2 Methane (CHy)

Methane (CH) is a colorless gas, which is lighter than air,@H25 (GWP) times as
effective as C@at trapping heat in the atmosphere (IPCC 1996). Over the last two
hundred and fifty years, the concentration of,@Hthe atmosphere increased by 148
percent (IPCC 2007). Anthropogenic sources of, @HDelaware include oil refining,
agricultural actiities, landfills, wastewater treatment, and stationary and mobile

combustion.

In 2010, grossmethane emission was 0.27 Mmt&OT his represented approximately
2% of gross C@emissons from Delaware. Figure 35hows of CHemission from
various sources in 201Emissions from oil refiningn the industrial sectaepresented

the largest source of Glmission in 200 with 32% of gross Cllemissions.

Other sources includedastewater treatment with 26%, followeddyricultural sector
sources includingnteric fermentatioandmanure managemewith approximately 15%
and11%respectively. &tionary combustiosuch as the residential, commercial and
power sectorsontributedapproximately 4%while mobile combustion in the
transportatin sector contributedpproximately 4%Agricultural residue burninm the

agricultural sector contributed the list amount, which lgas than 1%.

Figurel114 presents Chlemissions from 1990 to 2010 from the various sectors of
Delaware. Similarities are observed when overal} €iissions, as depicted by Figure

114 is compared to waste management emissions as depicted by Figure 76. This is
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because overall CHemissions wre driven largely by emissions from the waste

management sector.

FIGURE 113. 2010GR0OSSCH4EMISSIONS BY SOURCE CATEGORY
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FIGURE 114. NET HISTORICAL CH4EMISSIONS
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As shown byl14, CH, emissions increased steadily from 0.69 Mmt€@ 1990 to

0.74 MmtCQe in 1997 by 7.2%. Emissions then decreased from 1997 to 2010 with
fluctuations. Overall, emissions decreased 0.27 M#G®2010, a decrease of 63%.
The rate of decrease was determined to be 0.030 Mget@€ year.

Reference case Pjection for CH, Emissions

Projected Chlemissions from waste management, oil refining and agricultural activities

in Delaware are projected to decrease significantly as Figirpresents. Methane

emissions are expected decline from 0.13 Mm¥€i@ 2011to -0.15 MmtCQe in 2030,

a decline of approximately 215%. The decline i,@hhissions will be at the rate of

0.015 MmtCQe per year. Also, as presented in Figlis, CH; emissions will become

negative in 2021 with0.0B MmtCO,e, andis expected to beagative througl2030.

Bet ween 2021 and 2030, enbssibnafrom ecendreic net r e mo
activities will total 0.73 MmMtCGe.

FIGURE 115. PROJECTED GROSSCH4 EMISSIONS FROM DELAWARE
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Figure 15 presents projected of Glemissions by sources in 2030. The largest
emissions source for Glis expected to be oil refining with 68% of gross methane
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emissions. This will be followed by wastewater treatment, a distant second with
approximately 14%. Enteric fermentation and mamua@agement are projected to be in
third place with approximately 8%, while stationary and mobile combustion sources are
each projected to be 1% according to Figur@ Rgricultural crop waste burning is
expected to have the smallest contribution to g@idsemissions in 2030 with emissions

less than one percent as Figuré plesents.

FIGURE 116. 2030CH 4 EMISSIONS BY SOURCES
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4.93 Nitrous Oxide (NO)

Nitrous oxide is a colorless ndlammable gas with a slightly sweet smelling odor and
taste. NO is produced by biological processes that occur in soil and water and by a
variety of anthropogenic activities in the agricultural, enersdgted, industrial, and
waste management sources in Delaware. Other source®ahelaware also include
use axidizers in race cars, as an anesthetic or analgesic (pain Killer) in the medical
field, as an aerosol propellant and as food preservative. WilleeMissions are usually
lower than CQemissions, MO is approximately 300 times more powerful than,@O
trapping heat in the atmosphere (IPCC 1996). Since 1750, the global atmospheric
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concentration of pD has risen by approximately 18% (IPCC 20@yure 1T presents

a breakdown of pbD emissions in 2010 by sources in Delaware.

FIGURE 117. 2010N,0 EMISSIONS BY SOURCES
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In 201Q N,O accounted for 4% of gross @Oemissions in Delaware with a total amount
of 0.60 MmMtCOye. As Figurel1l7 shows,N,O emissions fronagricultural soil
management represented the largest source@fWth approximately60% of gross

N2O. This was followed bi{,O emissions fronmanuremanagement with

approximately 2% and mobile combusticgmissionswith approximately 4%. Other
sourcesncluded stationary combustion with approximately, 3¢astewater treatment
with apprximately 3 and emissions from settlement soiith approximatelyl%. The
lowest NO emission came from the burning agricultural or@ste, which wakess than

1% of gross MO emissions

Figure 1B presents MO emissions from Delaware sources from 1990 to 2Rifous
oxide enissionsdecreased from 0.8@mtCO,ein 1990 to 0.60 MmtCe in 2010,
which was a reduction of approximately 25%he emissions results revealed tNgD
emissiongleclined at the rate @ MmtCO.e per year from 1990 to 2010
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FIGURE 118. DELAWARE & N,O EMISSIONS FROM 199010 2010
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Reference case Projection forJ® Emissions
Gross NO emissiondrom all sources in Delawagge projected tbe 0.60 MMtCQe in
2030.Nitrous oxideemissions are expected to be driven primarily by emissions from the

agricultural sector.

Figure 1D presents a breakdown of grosg\emissions in 2030. Agricultural soil
management emission is expected to be the largest sourg® afi 030 with

approximately 46%. This will be followed by manure management with approximately
34% Mobile sources in the transportation sector are expected to emit approximétely 10
of gross NO emissionsWastewater treatmesburcesand stationargombustion of fuels

for energy usare expected to emit approximately 6% and 4% respectiveé/burning

of agricultural waste is expected to contribute the list amount@faé¥nissions in 2030

with less than 1%as presented by Figure4.1

Pagel650f 234



-€

O

MmtC

FIGURER 119. 2030N>0 EMISSIONS BY SOURCES
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Figure 12Qpresents projected® emissions from 2011 to 2030. In general, grog3 N
emissions are projected to trend flat with a slight decline as Figonerésents. Nitrous
oxide emissions from all economic sources are projected to decrease from 0.62 @mtCO
in 2011 to 0.60 MmtCe in 2030. This will be a slight decrease of approximately 3% at
the rate of 0.001 MmtC£ per year according to trend line arsady

494  Ozone Depleting Substance (ODS) Substittgsro-fluorocarbons (HFC),
Perflourocarbons (PFC)

HFCs and PFCs are families of synthetic chemicals that are used as alternatives to ODS,
which are being phased out under the Montreal Protocol and Clean Air Act Amendments
of 1990 but are still used in some amgke products. GWP for HFCs and PFCs are(l4,8

and 5,400 respectively. HFCs and PFCs do not deplete the stratospheric ozone layer, and
are therefore acceptable alternatives under the Montreal Protocol, but due to their global

warming potential are considered air pollutants.

The use of ODS substies in Delaware are applied to mostly @rs& products, which

include:
1 Refrigeration, air conditioning, chillers, and other cooling equipment (CFCs
and HCFCs)
1 Fire extinguishers (halons)
1 Solvents for cleaning printed circuit boards and precision pattsiegreasing
metal parts (CFCs, HCFCs, methyl chloroform, and CTC)
1 Fumigant (methyl bromide).

Propellants in aerosols (CFCs and HCFCs)

Emission estimatefor ODS substitutes in the 20BHG emissions inventory were
determined by apportioning national emissions to each states based on population.
In 2010, the GHG emissions from HFCs and PFCs wefgodf gros GHG emissions

from Delaware
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FIGURE 121. DELAWARE 6 ODS SUBSTITUTES EMISSIONS
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The total emissions were @3MmtCO,e. Historicalemissions presented in Figurgdll

show an upward trend in the emissions of ODS substitutes. Emissions of ODS

substitutes inciesed by 3%4,000% from 1990 to 2M. Emissions increased from 888

mtCOse in 1990 to 333,211 mtGO®in 2010 Analysis of historical data shows that ODS
emissions increased at the rate of 0.00820,¢e per year.This increase in ODS

substitute emissions may be attributed to the increased use of ODS substitutes since 1990

where emissions were only 888CQO.e.

Reference case projection f@DS Substitutes

This subsection discusses emissions projection®fmme delpleting substance (ODS)
subtitutesmcluding HFC and PFC. Figure 2presents the emissions trend for HFC and
PFC. The gross emission of both GHGs where ¢oetband presented in Figure2l2

The gross emission of ODS subtitutes is projected to increase from 0.60 MeitCO
2011 to 1.01 MmtCee in 2030. This is projected b@ an increase of approximately 77%
at the rate of 0.025 MmtC® per year.
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FIGURE 122. PROJECTED EMISSIONS OF ODS SUBSTITUTES
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49.5 Sulfur Hexafluoride (SFK)

Sulfur Hexafluoride (S§j is a colorless, odorless, nontoxic, nonflammable gas with
dielectric properties. $ks used for insulation and current interruption in electric power
transmission and distribution equipment, in the magnesium industry to protect molten
magnesium from oxidation and potentially violent burning, in semiconductor
manufacturing to create circuitry patterns on silicon wafers, and as a tracer gas for leak
detection SK; is the most potent of all the GHGs analyzed in this report. It has a GWP of
22,800. Its high GWP is due to its extremely long atmospheric lifetirmeltirey in its
irreversible accumulation in the atmosphere once emifgeplications for Skinclude

gas insulated transmission lines, switchgears and gas insulated power distribution
substations. The transmission and distribution (T&D) of electricityramer sources of

GHG emissions.
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FIGURE 123. DELAWARE (5 SFs EMISSIONS
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In 2010, SEwas approximately 0.3% of gross GHG emissions. The total amount of SF
emitted from Delaware was 0.040 Mmt&On 2010.Unlike HFCs and PFCs, $F

emissions had downwad trend. According to Figure B2SK emissions of decreased

by approximately 54% from 1990 to 2010. This rapid decrease may be attruibuted to the
implementation of Sfreduction practices in the electri power induSttyavailability of

new techntogy such as vacuum circuit breakers and increases in the price. of SF

Reference case projection f@Fs

Figure 123presentgprojected emissions f@Fs. Projection analysis shows thatsSF
emission from the transmissions and ditribution of electrinityie power sector is
expected to dimirsh into thefuture. Figure 12 provides projected Semissions from
2011 to 2030. Gross SF6 emissions is projected decreased from 0.03 pnim@Q@11
to 0.001 MMtCQe in2023 as presented by Figure4l1Zhis is a decrease of
approximately 97 % at the rate of 0.002 MmtE€Qer yearSulfur hexaflouride
emissions is projected diminsh tazero starting fron2024 as presented in Figure412

153ee section 4.3@nder Electric Power Transmission and distribution (T&D) systems
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FIGURE 124. PROJECTED SFs; EMISSIONS
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SUMMARY OF THE 2010GHG INVENTORY FINDINGS

The 2010GHG emission inventory reports overall decreasing GHG emissions from 1990 to

2010. Based on emsson estimates from 1990t0 2010 De | a w a@H&@missIQr 0 s s
declinedby approximately30%. The decline in gross GHG emissidng om Del awar ed s
economicsectors igrimarily the result oflecrease igrossCO, emissiors from fossil fuel
combustionn all economicsectors between 1990 and 20Theemission of C@from fossil

fuel combustion made up the largest share of gross GHG emigsidds0with approximately

91%.

This decreases in G@missions occurred overtime in part due to downturns in the economy.
The economic downturns lead to aliezin the amount of fossils fuels consumed in Delaware.
Another reason for the decline in gé@missions due to fossil fuel consumption is fuel switching.
Many of theelectric generating facilities iDelaware(with the exception of Indian River power
plant)have switched their fuels from coal, a high carbon intensity fuels to natural gas, a lower
carbon intensity fuels. This has led togystem reduction in GHG emissions as well as co
benefits in air pollutant ermsfon ratesAnotherbass for the decline in CQemissions associated
with fossil fuel combustion in Delaware is energy efficiednyaddition to fuel switching at
electric generating facilities in Delaware, which also improves efficiency, the fadilées
adopted energy efficiency installations and programs to increase energy efficiency. Also,

Delawareans have more access to energy effiaggpitances.

Though, historical GHG emissions declined over time, gross GHG emissions are expected to
increasesteadily between 2011 and 2030. Gross GHG emissions are projected to be 15.15

MmtCO.e in 2030, an increase of approximately 15&m 2011.Theemissionof CO, from

fossil fuelcombustiorpreserst he gr eat est chall enge to Del awar
objectives becausegectionanalyss show that Cewill continue to be the most emitt&HG

into the futureThe share of C@emissions in 2030 is projectéalbe 91%, one percent decrease

compared to 2010.

Theprojected increase in GHG emissions from 2@&sbased on thassumption of continuous

gr owt h i necbnenyand@opukatidrsProjected GHG emissions will fpgimarily
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driven byincreasing C@emissions from fossils fuel combustion in all econosactorsThe

consumption of fossils fuels, particularly in the power, industrial and commercial sectors of

Delaware is expected to increasddas | a weconendy £xpands. Fossil fuel consumption

particularly in the residential sector will also increas®a&s| awar eds popul ati on ¢

In addition, the 201GHG emissions inventory identified the lange, laneuse change and
forestry (LULUCF) sector as a sink for GOLULUCF mitigates the atmospheric builgh of

GHGs by removing C&rom the atmosphere and then storing it in forest at a rate greater than
emission back to the atmosphere through human and natural disturbBatesen 1999 and
2010, the land use sector removed a total of 13.12 Mapg@€@a@n Delaware The estimated
amaunt of CQ removed from the atmosphesassubtracted from gross GHG emissions to
obtain net GHG emissions. LULUCF provides a great opportunity to minimize the impact of

Del awareds gross GHG emissions to the <climate
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