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ES.2 Life Cycle Assessment Scenarios 
Scenario 1 (current practice) 250,000 tpy of waste from the North County Transfer Station, the Valley 
Transfer Station, and direct haulers is disposed of at WTEF over a 30-year period. Ash generated at 
WTEF is trucked to a local Burlington Northern Santa Fe (BNSF) rail spur and transported by rail to 
Roosevelt. The hauling distance for this scenario is 52 miles by truck and 227 miles by rail (Figure ES.1). 

 
Figure ES.1. Scenario 1 Waste Disposed of at Spokane Waste-to-Energy Facility 

In Scenarios 2–4, WTEF is used as a third transfer station, receiving waste from those sources that are 
currently making direct hauls to WTEF (Figure ES.2). 

Scenario 2: 250,000 tpy of waste is hauled over a 30-year period by truck to a BNSF rail spur and then 
transported by rail to Roosevelt. The hauling distance is 37 miles by truck and 227 miles by rail. 

Scenario 3: 250,000 tpy of waste is hauled over a 30-year period by truck to Finley Buttes. The hauling 
distance is 616 miles. 

Scenario 4: 250,000 tpy of waste is hauled over a 30-year period by truck to Wenatchee. The hauling 
distance is 512 miles. 

Figure ES.3 shows the hauling routes for Scenarios 2–4. 
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Figure ES.2. Scenarios 2–4 Waste Disposed of at Roosevelt, Finley Buttes, or Wenatchee 

 
Figure ES.3. Hauling Routes 
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The following activities were not included in the LCA scenarios: 

▬ Upstream activities before a material was discarded as waste (i.e., resource extraction, 
manufacturing, usage, maintenance) 

▬ Collection and delivery of waste to the transfer stations and WTEF 

▬ Any activities related to waste that is recycled or composted 

▬ Any activities related to management of household hazardous waste 

These activities are excluded because they either remain the same between the scenarios (i.e., 
collection and delivery to the transfer stations and WTEF) or pertain to waste materials that are not 
taken to WTEF. Additionally, emissions related to the construction and decommissioning of the facilities 
(e.g., landfill closure or demolition of WTEF) were not included in the LCA. 

ES.3 Life Cycle Assessment Methodology 
The LCA addresses resulting air emissions from managing 250,000 tpy of MSW over a 30-year period 
using waste-to-energy or landfilling. 

The following pollutants were selected by Ecology for the LCA: 

▬ Greenhouse Gases (GHGs): carbon dioxide (CO2), methane (CH4), and nitrous oxide (N2O) 

▬ Criteria Air Pollutants (CAPs): carbon monoxide (CO), lead (Pb), particulate matter (PM10 and 
PM2.5), sulfur dioxide (SO2), nitrogen oxides (NOx), and volatile organic compounds (VOCs) 

▬ Other Pollutants of Concern (OPOC): hydrogen sulfide (H2S), ammonia (NH3), sulfuric acid 
(H2SO4), hydrogen chloride (HCl), hydrogen fluoride (HF), cadmium (Cd), mercury (Hg), and 
dioxins/furans 

The emission pathways assumed for the LCA include: 

▬ Direct Emissions from Waste includes emissions from waste combusted at WTEF or 
decomposed at the landfills, and emissions from landfill gas (LFG) combusted in a 
flare/generator. 

▬ Hauling pertains to emissions produced by waste hauling vehicles. 

▬ Facility Use of Fossil Fuels include emissions from fossil fuels used to power facility equipment 
and vehicles.  

▬ Facility Use of Utility Electricity includes emissions from electricity from the grid used at the 
facilities. 

▬ Operational Materials and Chemicals includes embodied carbon emissions of materials and 
chemicals that are routinely used at the facilities such as synthetic tarps and air pollution control 
reagents. 
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Global warming potentials (GWPs), listed in Table ES.1, were used to convert CH4 and N2O into CO2-
equivalent (CO2e) values. The higher the GWP, the more potent the warming effects are of that specific 
GHG. The CO2e values were calculated using 20-year and 100-year time horizons for the GWPs. These 
are provided in the United Nations Intergovernmental Panel on Climate Change Sixth Assessment 
Report, known as IPCC AR6 (IPCC 2022). 

The 20-year time horizon prioritizes the climate impacts of potent, short-lived GHGs, such as CH4 while 
the 100-year time horizon emphasizes longer lived GHGs such as CO2. CH4 is estimated to remain in the 
atmosphere for 10–12 years while carbon dioxide’s expected life is hundreds to thousands of years. 
(U.S. Environmental Protection Agency [EPA] 2023j). 

Table ES.1. Global Warming Potentials for 20-Year and 100-Year Time Horizons 

Global Warming Potential CO2 CH4 N2O 

20-year Time Horizon 1 81.2 273 
100-year Time Horizon 1 27.9 273 

 

The WTEF and landfills were credited with GHG emission offsets for power delivered to the utility grid 
(WTEF and Finley Buttes), ferrous metal recovery (WTEF), conversion of landfill gas to renewable natural 
gas (Roosevelt), and long-term storage of biogenic carbon in food and yard wastes (all three landfills). 
Biogenic CO2 from wastes generated from tree products were included in the GHG tallies because of the 
extended duration of their biogenic cycle. Biogenic carbon dioxide from food waste, yard waste, and 
other nontree-based organic wastes were excluded from the GHG tallies.  
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ES.4 Results 
Using 20-year GWPs, the Spokane WTEF GHG emissions are 20% to 58% less than the three landfills 
(Figure ES.4). Using 100-year GWPs, the Spokane WTEF GHG emissions are 21% to 166% higher than the 
three landfills (Figure ES.5). 

 
Figure ES.4. Greenhouse Gas Emissions Using 20-Year Global Warming Potentials 
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Figure ES.5. Greenhouse Gas Emissions Using 100-Year Global Warming Potentials 

While EPA and Ecology uses the 100-year GWP for annual inventory requirements, CDM Smith 
recommends using the 20-year GWP results as they stress the importance of addressing potent GHGs, 
such as CH4, in the urgent need to curb climate change. This recommendation aligns with the United 
Nations Environment Programme’s emphasis on the importance of methane in addressing climate 
change. In the United Nations Environment Programme’s May 6, 2021, press release, the Executive 
Director of the United Nations Environment Programme, Inger Andersen stated “Cutting methane is the 
strongest lever we have to slow climate change over the next 25 years and complements necessary 
efforts to reduce carbon dioxide. The benefits to society, economies, and the environment are 
numerous and far outweigh the cost. We need international cooperation to urgently reduce methane 
emissions as much as possible this decade.” (UN Environment Programme 2021). 
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As seen in Figure ES.6, for CAPs emissions, WTEF, in comparison to the landfills, emits: 

▬ 80% less VOCs 

▬ 2 to 8 times more NOx, SO2, and PM10 and PM2.5 

▬ A comparable amount of CO 

 
Figure ES.6. Criteria Air Pollutants Emissions 

As shown in Table ES.2, not every facility emits all of the OPOCs included in the LCA. WTEF does not 
emit hydrogen sulfide (H2S) and none of the landfills emit sulfuric acid (H2SO4), hydrogen fluoride (HF), 
or cadmium (Cd). For pollutants common to all four facilities (NH3, HCL, Hg, and dioxins/furans) WTEF 
generates larger quantities than the landfills. 

Table ES.2. Annual Emissions of Other Pollutants of Concern 

Scenarios 
Annual Average Emissions – OPOC (tpy) 

H2S NH3 H2SO4 HCl HF Cd Hg Dioxins 
and Furans 

Spokane WTEF – 7.66 4.90 7.77 0.19 4.86E-04 3.22E-03 2.23E-08 

Roosevelt Landfill 0.18 0.01 – 0.95 – – 9.57E-06 1.04E-10 

Finley Buttes 
Landfill 0.18 0.21 – 0.95 – – 9.60E-06 7.34E-11 

Greater Wenatchee 
Landfill 0.18 0.16 – 0.95 – – 9.59E-06 5.63E-11 
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1.0 Introduction 
On May 7, 2019, Governor Jay Inslee signed into law the Washington Clean Energy Transformation Act 
(CETA) which commits Washington to an electricity supply that is greenhouse gas (GHG) neutral by 
January 1, 2030, and consisting of only non-emitting and renewable resources by January 1, 20451. 

Under CETA, a utility can provide up to 20 percent (%) of its electricity through alternative compliance 
options until December 31, 2044. One of the listed alternative compliance options is electricity from an 
energy recovery facility using municipal solid waste (MSW) as the principal fuel source, provided the 
facility was constructed before 1992, and is operated in compliance with federal laws and regulations 
and meets state air quality standards. An electric utility may only use electricity from such an energy 
recovery facility if the facility provides a net reduction in GHG emissions compared to other available 
waste management best practices. The determination must be based on a life cycle assessment (LCA) 
comparing the energy recovery facility to other waste management practices available to the 
jurisdiction in which the facility is located. 

The Spokane Waste-to-Energy Facility (WTEF), constructed in 1991, is the only operating waste-to-
energy facility in Washington. It operates in compliance with federal laws and regulations and meets 
state air quality standards as required in its air permit. WTEF processes approximately 250,000 short 
tons per year (tpy) of waste and can generate approximately 150 gigawatt hours of electricity per year.2 

Ecology funded the LCA presented in this report to determine whether WTEF qualifies as an alternative 
compliance option under CETA. 

1.1 Life Cycle Assessment Scenarios 
The LCA includes four scenarios for quantifying emissions generated from activities related to the 
management of 250,000 tpy of municipal solid waste (MSW) over a 30-year period. A 30-year period 
was chosen because it is representative of a typical active life for a landfill and is intended to capture the 
cumulative effects of slow-release emissions from landfilled waste and variations in landfill gas 
collection efficiency related to phased wellfield and final cover installation. 

Scenario 1 Spokane WTEF (current practice) 
In Scenario 1, as shown in Figure 1.1, waste generated in the City of Spokane and Spokane County is 
taken to the North County Recycling and Transfer Station (North County Transfer Station), the Valley 
Recycling and Transfer Station (Valley Transfer Station), or directly to WTEF. Waste hauls to WTEF are as 
follows: 

▬ 9% of waste is hauled from North County Transfer Station to WTEF via transfer trucks with 19-
ton capacities, requiring four trips per day (22 miles one-way). 

 

1 Non-emitting electric generation is electricity from a generating facility or a resource that provides electric energy, capacity, or 
ancillary services to an electric utility and that does not emit greenhouse gases as a byproduct of energy generation. 
2 Calculated based on the Waste Reduction Model. 
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▬ 15% of the waste is hauled from Valley Transfer Station to WTEF via transfer trucks with 19-ton 
capacities, requiring six trips per day (18 miles one-way). 

▬ 76% of waste is hauled directly from the waste source to WTEF by various sized vehicles. 

WTEF generates electricity through the combustion of waste and recovers ferrous metals from the 
combusted waste (ash). Approximately 59,000 tpy of ash is disposed of at Roosevelt. Ash is hauled 12 
miles one-way via transfer truck from WTEF to the BNSF (Burlington Northern Santa Fe) rail spur and 
then hauled by rail to Roosevelt. The ash hauling trucks have capacities of 21 tons, requiring eight trips 
per day from WTEF to the BNSF rail spur. 

 
Figure 1.1. Scenario 1 Waste Disposed of at Spokane Water-to-Energy Facility  
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In Scenarios 2–4 (depicted in Figure 1.2), WTEF is assumed to have been shut down and converted to a 
transfer station. As such, Scenarios 2–4 assumes waste is hauled from three transfer stations to the 
landfills. Hauling distances are provided in Figure 1.3. 

Scenario 2 Roosevelt 
Roosevelt utilizes a phased capping approach and an active collection system consisting of horizontal 
and vertical wells to manage landfill gas. Collected landfill gas is converted to renewable natural gas 
(RNG) at an adjacent facility. Waste hauling is as follows: 

▬ 9% of waste travels from North County Transfer Station to the BNSF rail spur via transfer trucks 
with 19-ton capacities, requiring four trips per day (18 miles one-way). 

▬ 15% of waste travels from the Valley Transfer Station to the BNSF rail spur via transfer trucks 
with 19-ton capacities, requiring six trips per day (7 miles one-way). 

▬ 76% of waste travels from WTEF/transfer station to the BNSF rail spur via transfer trucks with 
19-ton capacities, requiring 28 trips per day (12 miles one-way). 

▬ All waste then travels via rail from the BNSF rail spur to Roosevelt (227 miles one-way). 

Scenario 3 Finley Buttes 
Finley Buttes utilizes a phased capping approach and an active collection system consisting of horizontal 
and vertical wells to manage landfill gas. Collected landfill gas is used in a combined heat and power 
system to generate electricity and heat. Waste hauling is as follows: 

▬ 9% of waste travels from North County Transfer Station to Finley Buttes via transfer trucks with 
19-ton capacities, requiring four trips per day (214 miles one-way). 

▬ 15% of waste travels from the Valley Transfer Station to Finley Buttes via transfer trucks with 19-
ton capacities, requiring six trips per day (209 miles one-way). 

▬ 76% of waste travels from WTEF, functioning as a transfer station, to Finley Buttes via transfer 
trucks with 19-ton capacities requiring 28 trips per day (193 miles one-way). 

Scenario 4 Wenatchee 
Wenatchee utilizes an active collection system consisting of horizontal and vertical wells to manage 
landfill gas. Collected landfill gas is flared. Wenatchee plans to cap in entirety at the end of life of the 
landfill. Waste hauling is as follows: 

▬ 9% of waste travels from North County Transfer Station to Wenatchee via transfer trucks with 
19-ton capacities, requiring four trips per day (179 miles one-way). 

▬ 15% of waste travels from Valley Transfer Station to Wenatchee via transfer trucks with 19-ton 
capacities, requiring six trips per day (175 miles one-way). 

▬ 76% of waste travels from WTEF, functioning as a transfer station, to Wenatchee via transfer 
trucks with 19-ton capacities, requiring 28 trips per day (158 miles one-way). 
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Figure 1.2. Scenarios 2–4 Waste Disposed of at Roosevelt, Finley Buttes, or Wenatchee 
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Figure 1.3. Hauling Routes and Vehicle Miles 

The following activities were not included in the LCA scenarios: 

▬ Upstream activities before a material was discarded as waste (i.e., resource extraction, 
manufacturing, usage, maintenance) 

▬ Collection and delivery of waste to the transfer stations and WTEF 

▬ Any activities related to waste that is recycled or composted 

▬ Any activities related to management of household hazardous waste 

These activities are excluded because they either remain the same between the scenarios (i.e., 
collection and delivery to the transfer stations and WTEF) or pertain to waste materials that are not 
taken to WTEF. Additionally, emissions related to the construction and decommissioning of the facilities 
(e.g., landfill closure or demolition of WTEF) were not included in the LCA. 

1.2 Emissions Included in the Life Cycle Assessment 
Ecology selected the following emission categories for the LCA: 

▬ Greenhouse Gases (GHGs) 
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▬ Criteria Air Pollutants (CAPs) 

▬ Other Pollutants of Concern (OPOC) 

The GHG emissions are the focus of this study to address CETA requirements for alternative compliance 
options. The CAPs and OPOCs were included to address local air quality, providing a more complete 
picture of emissions from the facilities. 

Ecology coordinated with local and state air authorities, Commerce, and the City of Spokane to 
determine which pollutants to include in the LCA. The included emissions encompass those regulated by 
air authorities for WTEF and the landfills. 

1.2.1 Greenhouse Gases 
GHGs absorb infrared radiation and trap heat in the atmosphere which is causing climate change. The 
LCA included carbon dioxide (CO2), methane (CH4), and nitrous oxide (N2O) as these are the primary 
GHGs emitted from waste-to-energy facilities and landfills. 

Total GHG emissions resulting from disposal of 250,000 tpy of MSW over 30 years was used for the LCA. 
In Scenario 1, GHG emissions occur immediately upon waste combustion and therefore the total GHG 
emissions occur within 30 years. In Scenarios 2–4, GHG emissions from the landfilled waste continue 
long past the 30-year disposal period since the emissions are dependent on the rate of waste 
decomposition which occurs over many decades after disposal. Landfill emissions past the 30 years are 
also accounted for. 

Total GHG emissions (versus GHG emissions over 30 years) was selected for the LCA as it was deemed to 
be more representative of the impacts to climate change for each scenario (i.e., a significant quantity of 
GHG emissions would have been excluded from the landfill scenarios if only GHG emissions within the 
30-year disposal period were counted). Total GHG emissions is more representative because a 
significant portion of the GHGs are long-lived, making their impacts cumulative. 

1.2.2 Criteria Air Pollutants 
The U.S. Environmental Protection Agency (EPA) identifies six air pollutants as CAPs. These pollutants 
are known to cause adverse health effects. The six pollutants are: carbon monoxide (CO), lead (Pb), 
particulate matter (PM10 and PM2.5), sulfur dioxide (SO2), nitrogen dioxide (NO2), and ozone (O3). CAPs 
are the only air pollutants that are regulated by National Ambient Air Quality Standards. The standards 
specify the allowable concentrations of these substances in ambient air (EPA 2023a). 

O3 is not directly emitted by sources as it is formed in the atmosphere through a series of reactions that 
include nitrogen oxides (NOx) and volatile organic compounds (VOC). Therefore, this study includes NOx 
and VOC emissions but does not evaluate O3 separately. NO2 emissions are included in the NOx emission 
estimates. 

CO in the atmosphere contributes to the formation of CO2 and O3 (Center for Science Education 2017). 
These downstream impacts of CO production are not included in the LCA. 



1.0 │ INTRODUCTION 

LIFE CYCLE ASSESSMENT OF SPOKANE WASTE MANAGEMENT OPTIONS │PAGE 1-7 

CAPs were calculated as an annual average over the 30-year disposal period. An annual average is the 
most representative unit for determining CAP impacts (versus total emissions) because they have a 
shorter lifespan in the atmosphere compared to GHGs and do not accumulate over time. 

1.2.2.1 Carbon Monoxide 
CO is an odorless colorless gas that is created when fuels are not completely combusted. CO interacts 
with hemoglobin when it enters the bloodstream and causes adverse health effects. At high 
concentrations, CO reduces the amount of oxygen in blood. This reduction causes heart difficulties in 
people with chronic diseases, reduced lung capacity, and impaired mental abilities (EPA 2023b). 

1.2.2.2 Lead 
Lead causes adverse health effects on the nervous system, the immune system, the reproductive 
system, the cardiovascular system, and kidney function. Infants and young children are especially 
sensitive to lead exposure. Being exposed to lead can contribute to behavioral problems, difficulties with 
learning, and a lowered IQ (EPA 2023c). 

1.2.2.3 Particulate Matter 
Particulate matter consists of solid and liquid particles of dust, soot, aerosols, and other matter that are 
small enough to remain suspended in the air for long periods of time. PM10 and PM2.5 refer to matter 
particles that have diameters less than or equal to (≤) 10 micrometers (µm) and 2.5 µm, respectively. (A 
micrometer is equal to 0.001 millimeter or about 0.000039 inch.) 

PM10 and PM2.5 can irritate existing respiratory conditions, increase respiratory symptoms and disease, 
decrease long-term lung function, and potentially cause premature death. People most sensitive to 
particulate matter are the elderly, individuals with cardiopulmonary disease, and children. Aside from 
negative health effects, particulate matter causes a reduction of visibility and damage to paints and 
building materials (EPA 2023d). 

1.2.2.4 Sulfur Dioxide 
SO2 is formed when fuel that contains sulfur is combusted. The negative health effects of SO2 include 
breathing difficulty, respiratory illness, and the irritation of existing heart and blood diseases. Children 
and the elderly are most vulnerable to the negative effects of exposure to SO2 (EPA 2023e). 

1.2.2.5 Nitrogen Dioxide 
NO2 is emitted when fuel is burned. Common sources are vehicles and power plants. NO2, along with 
other nitrogen oxides, reacts with other chemicals to form particulate matter and ozone. NO2 can 
irritate airways in the respiratory system and can worsen respiratory diseases. The elderly, children, and 
people with asthma are at greater risk for negative health effects from NO2 (EPA 2023f). 

1.2.2.6 Ozone 
O3 causes adverse health effects such as chest discomfort; coughing; nausea; nose, throat, and lung 
irritation; eye irritation; and decreased lung function. O3 is formed when VOCs and NOx react in the 
presence of sunlight. Emissions from VOCs and NOx (called ozone precursors) are regulated to control 
the formation of O3 (EPA 2023g). 
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1.2.3 Other Pollutants of Concern 
The LCA included the following OPOCs: hydrogen sulfide (H2S), ammonia (NH3), sulfuric acid (H2SO4), 
hydrogen chloride (HCl), hydrogen fluoride (HF), cadmium (Cd), mercury (Hg), and dioxins/furans as 
these pollutants are known to be emitted from waste-to-energy facilities and/or landfills. 

As with CAPs, OPOCs were calculated annually over the assumed 30-year disposal period to provide a 
30-year annual average for comparison between scenarios. 
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2.0 Methodology 

2.1 Data Compilation 
Each of the facilities provided requested data sets. If available, 5 years of operational data were used. 
When not available, data from 2022 were used. If data were not available from the facilities, then it was 
obtained from state and federal agencies, or from research literature. The source of each data set is 
noted in the corresponding methodology section. Calculations, assumptions, and modeling 
inputs/outputs are provided in Appendix A. 

2.2 Study Boundaries 
The LCA was limited to air emissions generated from the disposal of 250,000 tpy of MSW over a 30-year 
period. A 30-year period of operation was selected to capture known variations in landfill gas collection 
efficiency related to the phased installation of landfill gas wells and final cover. A 30-year period also 
provides a more accurate representation of CAPs and OPOC annual emissions (i.e., the slow release of 
landfill gas results in increasingly higher annual emissions over the active life of a landfill). 

The LCA did not attempt to forecast unknown variables such as changes in waste quantities, the 
“greening” of the electricity grid and haul vehicles. 

The emission pathways included in the LCA are: 

▬ Direct Emissions from Waste includes emissions from waste combusted at WTEF or 
decomposed at the landfills, and emissions from landfill gas (LFG) combusted in a 
flare/generator. 

Direct emissions from waste were calculated using the EPA Waste Reduction Model (WARM), 
EPA Landfill Gas Emissions model (LandGEM), and EPA AP-42 Compilation of Air Emission 
Factors (AP-42) (EPA 1995 and 2009a). 

Offsets (i.e., deductions), as described in Section 2.3.1, were credited in this category for carbon 
storage, electricity generation and ferrous metal recovery. 

▬ Hauling pertains to emissions produced by waste hauling vehicles. Hauling emissions were 
calculated using the EPA Motor Vehicle Emissions Simulator (MOVES), EPA Emission Factors for 
Greenhouse Gas Inventories (EPA 2023h), and EPA Emission Factors for Locomotives (EPA 
2009b). 

▬ Facility Use of Fossil Fuels include fossil fuels used to power facility equipment and vehicles. 
These emissions were calculated using 40 CFR Part 98 Table C-1 and C-2, EPA Inventory of U.S. 
Greenhouse Gas Emissions and Sinks Table A-92 (EPA 2022), and EPA AP-42 (EPA 1995 and 
2009a). 

▬ Facility Use of Utility Electricity includes electricity from the grid used at the facilities. Electricity 
use emissions were calculated using EPA Emissions & Generation Resource Integrated Database 
(eGRID) (EPA 2023i). 
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▬ Operational Materials and Chemicals includes materials and chemicals that are routinely used 
at the facilities such as synthetic tarps and air pollution control reagents. This category also 
includes hauling emissions related to materials (e.g., auto shredder fluff, paper pulp, and 
petroleum-contaminated soils) used as alternative daily cover (ADC) at landfills. 

Material and chemical use emissions were calculated using Ecoinvent emission factor databases. 
Ecoinvent is a nonprofit organization that maintains a database of more than 18,000 Life Cycle 
Inventory data sets and is updated annually. Emission factors include impacts from resource 
extraction, manufacturing, and transportation to the facility that uses the product. 

The Ecoinvent databases were accessed using SimaPro, an LCA modeling tool. If materials could 
not be found in the Ecoinvent database, environmental product declarations (EPD) were used. 
An EPD is a document that quantifies the environmental impact of a product or material over its 
lifetime. 

Facility normalization factors, shown in Table 2.1, were applied to facility data to determine the 
proportional amount for the LCA waste tonnage. For example, power production data from Finley 
Buttes was multiplied by 31.02% (250,000/806,005) to determine the amount of power to be attributed 
to the power generation offset for the LCA tonnage. 

Table 2.1. Impact Normalization Factors 

 Spokane WTEF Roosevelt Finley Buttes Wenatchee 

Annual Waste Quantity (tpy) 250,000 2,400,000 806,005 292,389 
Normalization Factor NA 10.42% 31.02% 85.50% 

 

Activities not included in the LCA are described in Section 1.1. 

2.3 Greenhouse Gas Emissions 
GHG emissions for the pathways listed above were summed and recorded as total GHG emissions for 
each of the four scenarios. Global warming potentials (GWPs), as shown in Table 2.2, were used to 
convert CH4 and N2O to CO2-equivalent (CO2e) values. GWPs are factors that are applied to GHGs other 
than carbon dioxide to account for the difference in radiative efficiency (i.e., warming ability). GWPs are 
expressed relative to CO2. The higher the GWP, the more potent the warming effects are of that specific 
GHG compared to CO2. 

GWPs are based on time horizons, most commonly 20 or 100 years, meaning the GWP represents the 
energy absorbed by that gas over a period of 20 or 100 years. Both time horizons were used in the LCA. 

The time horizon is important because GHGs have varying life expectancies in the atmosphere. For 
example, the life expectancy of CH4 is 10 to 12 years while the life expectancy of CO2 is hundreds to 
thousands of years (EPA 2023j). Because of its shorter time frame, the 20-year time horizon prioritizes 
the climate impacts of potent, short-lived GHGs such as CH4 whereas the 100-year time horizon 
prioritizes long-lived GHGs such as CO2. 
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4.3 Other Pollutants of Concern 
Of the eight pollutants selected for OPOCs, four of them are not emitted at every facility in the LCA. As 
shown in Table 4.1, Spokane WTEF does not generate H2S emissions whereas H2SO4, HF, are Cd are not 
emitted at the three landfills. 

Due to its combustion process, WTEF emits more of the four pollutants common to all of the facilities 
(NH3, HCl, Hg, and Dioxin/Furans) than any of the landfills. 

Table 4.1. Annual Emissions of Other Pollutants of Concern 

Scenarios 
Annual Average Emissions – OPOC (tpy) 

H2S NH3 H2SO4 HCl HF Cd Hg Dioxins and 
Furans 

Spokane WTEF – 7.66 4.90 7.77 0.19 4.86E-04 3.22E-03 2.23E-08 

Roosevelt 
Landfill 0.18 0.01 – 0.95 – – 9.57E-06 1.04E-10 

Finley Buttes 
Landfill 0.18 0.21 – 0.95 – – 9.60E-06 7.34E-11 

Wenatchee 
Landfill 0.18 0.16 – 0.95 – – 9.59E-06 5.63E-11 
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5.0 Other Considerations 
There are numerous factors that can be considered when comparing sustainability of waste 
management options. However, schedule and budget constraints require that a prioritized list of factors 
be selected. For this study, air emissions pertaining to climate change and human health were chosen by 
Ecology to assess sustainability and in particular, net GHG emissions. The following sustainability factors 
that were not included in the LCA are offered for further consideration: 

▬ Land Use: Landfills are more land resource intensive than WTEFs because the ash produced by a 
WTEF results in 90% less volume compared to landfilling MSW. 

▬ Management of Sensitive Wastes: Sensitive wastes from law enforcement agencies and 
pharmaceutical waste are sent to WTEF for destruction. If WTEF were to cease operations the 
waste would need to be sent to a hazardous waste incinerator, increasing the need for that 
resource. Additional hauling emissions would also be incurred, as the nearest hazardous waste 
incinerators are in western Oregon and northern Utah. 

▬ Facilitation of Zero Waste to Landfill Goals: Some corporations with Zero Waste to Landfill 
sustainability goals choose to take their waste to a WTEF rather than landfill it. 

▬ Long-Term Care: Landfilled ash from WTEF is more stable than landfilled MSW resulting in 
reduced monitoring and maintenance activities during long term care (i.e., the 30-year period 
after closure). For example, the prolonged operation of leachate and gas collection systems in 
MSW landfills requires electricity and fuel that result in GHG emissions.  

▬ Longer Haul Routes: If the WTEF were to cease operations, waste currently being hauled to the 
WTEF would need to travel much longer distances to the landfills. While the emissions 
associated with this change were considered in this study, the impact on traffic and potential 
accidents were not. It is possible that this additional distance could result in greater impacts on 
local communities living along the hauling routes because of the traffic and potential accidents. 

▬ Review of Air Permits: Air permit limits are set for each of the facilities that are deemed 
protective of human health; therefore, qualitative statements could be made about health 
impacts of facilities their permits.
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6.0 Recommendations for Carbon Reduction 
Recommendations for reducing carbon emissions for the scenarios in the LCA include: 

▬ Hauling: Use rail instead of trucks where available. Switch to electric vehicle (EV) trucks if trucks 
are the only viable option.  

▬ Electricity: Use electricity generated from renewable sources by either siting solar panels and/or 
wind turbines or selecting green power options available from power utilities.  

▬ Fossil Fuel Use: Consider transitioning from equipment using petroleum-based fuels to battery 
powered equipment that can be charged from renewable sources.  

▬ Landfill Gas Management: Utilize landfill gas for power and heating to displace fossil fuels 
(Wenatchee is only flaring their landfill gas). Implement more frequent capping of landfill areas 
that have reached final grades to reduce GHG surface emissions.  

▬ Recycling: Expand metals recovery at WTEF from ferrous metals to ferrous and nonferrous 
metals.  

▬ Organics Ban: Ban the landfilling of food and yard waste to reduce methane emissions as these 
waste types decompose quickly – releasing methane prior to installation of gas collection wells.
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