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1 INTRODUCTION 

The goal of this project is to provide Avista with quantitative ($/MWh, $/kW) estimates of non-energy impacts (NEIs) for a 

variety of generation technologies and scenarios. Washingtonôs Clean Energy Transition Act (CETA; 

https://www.commerce.wa.gov/growing-the-economy/energy/ceta/) requires investor-owned utilities to consider equity-

related NEIs in integrated resource plans (IRPs). To accomplish this, DNV is building and applying a supply-side NEI 

database. As part of a previous project, DNV provided Avista with demand-side NEIs for measures included in energy 

efficiency programs. With the addition of supply-side NEIs, Avista, its advisory groups, and the Utilities and Transportation 

Commission (UTC) will be able to assess the full societal costs and benefits of all possible permutations of generation and 

efficiency options in future IRPs.  

 

2 METHODOLOGY OVERVIEW 

To compare the sustainability of different generator types, academic researchers use a method known as multi-criteria 

decision analysis (MCDA).12 This process is conceptually similar to the preferred resource strategy (PRS) used in Avistaôs 

2021 IRP to consider the different effects of each generator type on a variety of factors. Academic MCDA tends to include a 

wider range of sustainability effects than the PRS, specifically additional health, environmental, and economic effects; these 

are exactly the types of effects that Avista wants to quantify. These additional effects will help Avista factor into the PRS 

calculations more of these hidden costs and benefits that go beyond levelized cost of delivered energy to its customers 

(LCOE). DNV will add a monetization step to the MCDA methods to align the data into units that make it easier to integrate 

into the PRS.  

Estimating NEIs can be a very complicated and nuanced endeavor. Specific documentation guidelines for investor-owned 

utilities are still being developed and will likely vary by state once completed.  

DNVôs approach is designed to produce defensible, levelized costs and benefits per MWh or kW, in such a way that they 

can be added directly to Avistaôs existing LCOE by generator type, for a variety of additional sustainability effects not yet 

considered in Avistaôs 2021 IRP. The approach follows four stages:  

1. Conduct a jurisdictional scan to identify additional NEIs being used elsewhere and not listed in the RFP 

2. Identify NEIs available through federal and regulatory publications 

3. Where necessary, convert NEI units to $/MWh and/or $/kW values and apply discount rates 

4. Conduct a gap analysis to provide recommendations to prioritize future research based on the necessary level of effort 

and anticipated value to Avista 

Where available, DNV leveraged existing metanalytic data published by regulatory and government institutions such as the 

Environmental Protection Agency (EPA) and the National Renewable Energy Laboratory (NREL). Such official values should 

be readily defensible. In cases where institutional studies were not available, DNV conducted secondary research to identify 

data sources. Cases in which DNV was unable to identify a published data source are part of the gap analysis.  

After compiling a database of NEI types (e.g., health) and values ($/MW or $/MWh) by generation technology, DNV applied 

the information in the database to the specific generation technologies and scenarios identified in the RFP and Avistaôs 

current generation assets. 

 
1 Klein, S.J. and Whalley, S. (2015). Comparing the sustainability of U.S. electricity options through multi-criteria decision analysis. Energy Policy79(2015)127ï149.  

http://dx.doi.org/10.1016/j.enpol.2015.01.007 
2 Nock, D. and Baker, E. (2019). Holistic multi-criteria decision analysis evaluation of sustainable electric generation portfolios: New England case study. Applied Energy 

242 (2019) 655ï673. https://doi.org/10.1016/j.apenergy.2019.03.019 

https://www.commerce.wa.gov/growing-the-economy/energy/ceta/
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3 DATABASE COMPILATION 

Database compilation involves conducting secondary research to identify and catalog the NEI values in terms of native units 

(e.g., tons of pollution per MWh) and to monetize those units ($/MWh or $/MW) for each level in the database. Once 

prepared, the database is a single location that DNV and Avista can apply to specific scenarios and generation assets. 

3.1 Database structure 

The database includes NEI impacts disaggregated by resource type, location, and lifecycle phase whenever possible. The 

resource types are shown in Table 3-1. These resources include both current and potential resource types. The 

abbreviations in the table are used in the tables and figures throughout the report. The database application is explained in 

Section 3.4. 

Table 3-1. Database resource types 

Group  
Technology 

Abbreviation Generator Types 

Biomass Biomass Biomass 

Coal Coal Coal 

  Coal CCS Coal with Carbon Capture 

Hydro Hydro-PB Pumped hydro - brownfield 

  Hydro-GF Pumped hydro - greenfield 

  Hydro-Res Reservoir hydro 

  Hydro-RR Run-of-river hydro 

  Hydro-RRS Run-of-river hydro with storage 

Hydrogen 
electrolyzer 

HE-LG Hydrogen electrolyzer - large 

  HE-SM Hydrogen electrolyzer - small 

Lithium-ion storage Batt-LG Lithium-ion Storage - Large 

  Batt-SM Lithium-ion Storage - Small 

Natural gas NG-Aero Natural gas Aero Turbine 

  NG-CCCT Natural gas CCCT 

  NG-CT Natural gas CT 

  NG-ICE Natural gas internal combustion engine 

Non-natural gas NNG-Bio Non-natural gas (Bio-fuel) 

  NNG-CF Clean Fuel Turbine 

  NNG-Hyd Non-natural gas (Hydrogen) 

  NNG-LAir Non-natural gas (Liquid air) 

  NNG-Ren Renewable natural gas storage tank 

Nuclear Nuclear Nuclear 

Solar Solar-Com Community solar 

  Solar-Rft Rooftop solar 

  Solar-Utl Utility-scale solar 

Wind Wind-LG Large wind 

  Wind-Off Off-shore wind 

  Wind-SM Small Wind 

 

Near/Away: For some NEI metrics, the database also includes values disaggregated into near and away from the resource 

site. Near-resource site impacts occur at the operations facility or nearby communities whereas impacts away from the 

resource site may occur in a different county, state, or country. This distinction provides the flexibility to assign near-facility 

impacts within or without Avistaôs territory depending on the location of the resource.  
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Generation Resource Phase: When possible, NEI metrics are also disaggregated by generation resource phase, including 

construction, operations, mining, and decommissioning, which are further described in Table 3-2.  

 

Table 3-2. Generation resource phase 

Phase Description 

Construction Impacts specific to construction or manufacturing of the generation resource 

Operation Impacts associated with the operations of the generation resource 

Mining Impacts associated with fuel mining 

Decommissioning Impacts associated with decommissioning and disposing of the generation resource 
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3.2 Non-energy impact metrics 

This section describes DNVôs methods for determining values for each of the NEI types. 

3.2.1 Public health 

Electricity-generating technologies can cause a variety of public health impacts across their life cycles, from construction and 

manufacturing of components to operations and mining to decommissioning. Operational impacts due to particulate matter 

2.5 (PM2.5), sulfur dioxide (SO2), and nitrogen oxide (NOx) emissions are readily available across many electricity-generating 

technologies.3 These emissions values can be used to estimate monetized health impacts across different counties in the 

US by utilizing readily available tools from the EPA. Table 3-3 summarizes the metrics used to quantify operational public 

health impacts. 

Table 3-3. Public health metric descriptions 

Metric Description Sources 

PM2.5 Health 

Effects 

Particulate matter 2.5 (PM2.5) emissions are produced through fossil fuel, biomass, 

and other combustion to generate electricity. Increased PM2.5 emissions are 

associated with increased mortality rates, respiratory and cardiovascular illnesses, and 

other impacts which the COBRA model monetizes. DNV used information from eGRID 

and the EPA to estimate PM2.5 emissions and COBRA to monetize them, resulting in a 

dollar per MWh value.  

COBRA4; 

eGRID5;  

EPA6 

SO2 Heath 

Effects 

Sulfur dioxide (SO2) emissions are also emitted through combustion to produce 

electricity. Increased SO2 emissions are associated with increased respiratory 

diseases and breathing difficulty.7 DNV used the eGRID emissions estimates and the 

COBRA model to produce a dollar per MWh health impact metric. 

COBRA8; 

eGRID9 

NOx Health 

Effects 

Nitrogen oxides (NOx) are also produced through combustion to generate electricity. 

Increased NOx emissions are associated with increased respiratory diseases, 

particularly asthma, hospital admissions, and emergency room visits.10 DNV used the 

eGRID emissions estimate and the COBRA model to produce a dollar per MWh health 

impact for NOx.  

COBRA11; 

eGRID12 

 

 
33 These emissions and health impacts do not include health impacts from upstream or downstream activities including mining, drilling, manufacturing, or disposal. 

Additionally, they do not include operational health impacts from soil or water contamination.  
4 Userôs Manual for the Co-Benefits Risk Assessment Health Impacts Screening and Mapping Tool (COBRA). 2021. US EPA. November 2021. https://www.epa.gov/cobra. 
5 United States Environmental Protection Agency (EPA). 2022. ñEmissions & Generation Resource Integrated Database (eGRID), 2020ò Washington, DC: Office of 

Atmospheric Programs, Clean Air Markets Division. Available from EPAôs eGRID web site: https://www.epa.gov/egrid. 
6 Estimating Particulate Matter Emissions for EGRID. 2020. US EPA. July 2020. https://www.epa.gov/sites/default/files/2020-07/documents/draft_egrid_pm_white_paper_7-

20-20.pdf. 
7 United States Environmental Protection Agency (EPA). (n.d.). ñSulfur Dioxide Basicsò EPA. Retrieved February 1, 2022, from https://www.epa.gov/so2-pollution/sulfur-

dioxide-basics#effects 
8 Ibid 
9 Ibid 
10 United States Environmental Protection Agency (EPA). (n.d.). ñBasic Information about NO2ò EPA. Retrieved February 1, 2022, from https://www.epa.gov/no2-

pollution/basic-information-about-no2#Effects 
11 Ibid 
12 Ibid 
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3.2.1.1 Emissions values  

The EPA has a comprehensive database of environmental characteristics of almost all electric power generated in the US. 

The Emissions and Generation Resource Integrated Database (eGRID) contains data on emissions, emissions rates, 

generation, heat input, and many other characteristics.13 Values from eGRID were used to supplement data provided directly 

by Avista for existing and proposed generation resources. DNV combined information from the two sources for plant annual 

heat input from combustion (MMBtu), total emissions from NOx (tons), total emissions from SO2 (tons), and plant annual net 

generation (MWh). Total emissions from PM2.5 are not available in eGRID, however, the EPA provides PM2.5 estimates for 

most electric generating units in a separate database based on the EPAôs National Emissions Inventory (NEI).14 Total 

emissions for PM2.5, NOx, and SO2 were converted into tons/MWh based on the annual net generation from each electric 

generating unit.  

Figure 3-1 through Figure 3-3 present the PM2.5, SO2, and NOx emissions per MWh for both existing and proposed 

generation types. Both the existing and proposed biomass plants have the highest PM2.5 emissions rates, followed by the 

existing and proposed coal plants. It is important to note that while for most technologies, the assumed counterfactual would 

be producing no emissions or similar emissions if the fuel were burned in a different power plant, the biomass counterfactual 

is less well defined. The Kettle Falls biomass facility burns sawmill or chip mill biomass residuals. In the absence of the 

Kettle Falls facility, it is difficult to say how the waste material would have been used and what the likely emissions would 

have been. The existing and proposed coal plants also had the highest SO2 emissions, while the Northeast natural gas plant 

had the highest NOx emissions. Hydro, wind, and solar had no PM2.5, SO2, or NOx emissions. For SO2 and NOx, the coal with 

carbon capture and storage resource is assumed to have the same emissions rate as the current Coal Strip facility, as this is 

the best available data. In practice, the SO2 and NOx emissions rate for the coal with carbon capture and storage may be 

lower.  

 
13 United States Environmental Protection Agency (EPA). 2022. ñEmissions & Generation Resource Integrated Database (eGRID), 2020ò Washington, DC: Office of 

Atmospheric Programs, Clean Air Markets Division. Available from EPAôs eGRID web site: https://www.epa.gov/egrid. 
14 US EPA. 2020. Review of Estimating Particulate Matter Emissions for EGRID: Draft White Paper. https://www.epa.gov/sites/default/files/2020-

07/documents/draft_egrid_pm_white_paper_7-20-20.pdf. 
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Figure 3-1. Operational PM2.5 emissions per MWh by generation type 

 

Figure 3-2. Operational SO2 emissions per MWh by generation type 
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Figure 3-3. Operational NOX emissions per MWh by generation type 

 

 

3.2.1.2 Monetized impacts 

Co-Benefits Risk Assessment (COBRA) is a screening and modeling tool provided by the EPA that can be used to explore 

how changes in air pollution can affect human health in different areas of the country and estimate the economic value of the 

health benefits associated with those changes.15 16 Emissions changes are entered at the county, state, or national level, 

and COBRA uses an air quality model to estimate the effects of those emissions changes across the country. The model 

then estimates the number of health incidences avoided and the economic value for health impacts such as mortality, non-

fatal heart attacks, and respiratory admissions. The monetization for these health conditions is based on values such as the 

willingness to pay, the cost of illness, and the value of a statistical life that were collected from various literature reviews. 

DNV modeled the impacts of PM2.5, SO2, and NOX emissions in the counties where combustion generation technologies, 

including coal, natural gas, and biomass, either exist or are proposed. When emissions are changed in one county, the 

COBRA model produces the monetized impacts for every county in the United States. DNV categorized those impacts in the 

following way:  

¶ Site county: The monetized health costs in the county where the generation resource is located. Resources may be 

located within or outside Avistaôs territory. 

¶ Avista territory: The monetized health costs in Avistaôs territory. If the site county is within Avistaôs service territory, 

those costs are not included in this estimate; in this case, total cumulative effects within Avista territory will equal the 

sum of the site county and Avista territory effects.  

 
15 Userôs Manual for the Co-Benefits Risk Assessment Health Impacts Screening and Mapping Tool (COBRA). 2021. US EPA. November 2021. https://www.epa.gov/cobra. 
16 It should be noted that this study assumes Avista complies with existing permitting laws that establish maximum levels of pollution that utilities are allowed to produce. 

While legally acceptable, these allowances do not imply that only pollution over those thresholds results in harm. Instead, they essentially establish a maximum 
amount of harm that a utility is legally allowed to cause.  
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¶ Other US: The monetized health costs for the rest of the United States  

DNV combined emissions information from eGRID and Avista with the monetized health impacts from COBRA to estimate 

the economic impact on health from a one-ton increase in PM2.5, SO2, NOx (Equation 1). 

Equation 1. Monetized health impacts 

ὓέὲὩὸὭᾀὩὨ ὌὩὥὰὸὬ Ὥάὴὥὧὸί 
Α

ὓὡὬ
 ὉάὭίίὭέὲί 

ὸέὲί

ὓὡὬ
ὌὩὥὰὸὬ Ὅάὴὥὧὸί Ὢὶέά ὴέὰὰόὸὥὲὸ

Α

ὸέὲ
  

Table 3-4 displays dollars per ton of PM2.5, NOx, and SO2 for each of the counties where an existing plant is located. COBRA 

estimates the public health costs of a change in pollutant levels by county. Estimates were only available for combustion 

generation technologies such as coal, gas, or biomass. The counties included in the table above are where existing plants 

are currently located. 

 

Table 3-4. Dollars per ton by County 

Plant 

County 

PM2.5 ($/ton) NOx ($/ton) SO2 ($/ton) 

Site 

County 

Avista 

Territory 

US-Other Site 

County 

Avista 

Territory 

US-

Other 

Site 

County 

Avista 

Territory 

US-Other 

Rosebud, 
MT 

118.81  172.40  51,361.34  7.88  33.59  9,973.72  12.22  75.28  22,473.09  

Kootenai, 
ID 

30,724.75  13,558.21  23,330.00  1,508.19  761.88  4,304.93  2,060.74  1,071.30  10,101.90  

Spokane, 
WA 

52,237.59  9,523.47  17,869.91  2,678.17  489.07  3,266.53  3,749.00  713.52  7,578.78  

Morrow, 
OR 

1,268.66  2,891.67  23,471.96  65.68  290.51  3,038.00  253.43  1,192.13  13,335.49  

Stevens, 
WA 

10,222.35  6,399.56  21,922.87  609.91  566.63  3,954.48  867.26  866.72  9,184.79  

  



 
 

DNV  ï  www.dnv.com  Page 9 

 

Figure 3-4 presents the operational health costs per MWh for PM2.5 emissions for each existing and proposed combustion 

resource. Renewable resources including solar, wind, and hydro do not have any reported operational PM2.5, SO2, or NOx 

emissions. For existing resources, Colstrip and Kettle Falls have the largest impact on the US as a whole. This is expected, 

as biomass and coal produce more PM2.5 than natural gas. Since Colstrip is in Montana, which is not in Avista territory, there 

are fewer Avista impacts. The population for Stevens county, where Kettle Falls is located, is much larger than the county 

where Colstrip is located, which would explain why Kettle Falls has a much larger site county impact than Colstrip. 

Figure 3-4. Operational PM2.5 health costs per MWh by generation type 
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In Figure 3-5, the operational SO2 health costs per MWh are shown for existing and proposed resources and by impact 

location. Coal has the largest impact compared to the other resources. These impacts are nearly all outside of Avistaôs 

territory. 

Figure 3-5. Operational SO2 health costs per MWh by generation type 
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Figure 3-6 shows the operational NOx health costs per MWh for existing and proposed resources by impact location. For 

existing resources, Northeast natural gas has the highest NOx health costs per MWh throughout the US and in Avistaôs 

territory. Additionally, Colstrip had the next highest health costs per MWh throughout the US, and Kettle Falls had the 

second-highest NOx health costs in Avistaôs territory. For proposed facilities, the Colstrip resources had the highest national 

NOx health costs and Kettle Falls had the highest health costs within Avistaôs territory. 

Figure 3-6. Operational NOX health costs per MWh by generation type 
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3.2.2 Safety 

Electricity generating facilities have safety impacts associated with all supply-chain phases. These impacts can include 

injuries or fatalities related to mining, construction, operation, maintenance, or decommissioning of the facility. Because the 

monetary cost of injuries is not easily transferable across regions, and because of limited data regarding injuries, DNV used 

only fatalities as the benchmark for resources safety. 17Table 3-5 presents an overview of the safety metrics and sources. 

Available safety information is not always disaggregated by supply-chain activity, so this report specifies when safety 

estimates apply to the whole supply chain or whether estimates apply to certain aspects of the supply chain.  

Table 3-5. Safety metric descriptions 

Metric Description Sources 

Direct fatalities 

from 

construction and 

operation 

Direct fatalities that occur during the construction and operation of an energy 

resource. These fatalities could be from normal workplace accidents, 

catastrophic failures, and public interaction. 

Balancing safety 

with 

sustainability18; 

BLS19; BTS20; 

MSHA21; CDC22; 

DOT23  

 

Indirect fatalities 

due to supply-

chain activities 

Indirect fatalities occur from accidents related to the production and 

transportation of materials used in either construction, operation, or 

decommissioning. This can include mining for fuel or base materials and 

accidents related to the processing and transportation of these raw materials. 

 

  

 
17 DNV recognizes fatalities and injuries might already be contained within insurance costs for specific facilities. A significant portion of fatalities comes from indirect supply-

chain activities, though, and might therefore fall out of insurance costs for the generating facility. Further research would be needed to identify what proportion of 
these fatalities are already being quantified by insurance.  

18 Sovacool, Benjamin K., Rasmus Andersen, Steven Sorensen, Kenneth Sorensen, Victor Tienda, Arturas Vainorius, Oliver Marc Schirach, and Frans Bjørn-Thygesen. 

2016. ñBalancing Safety with Sustainability: Assessing the Risk of Accidents for Modern Low-Carbon Energy Systems.ò Journal of Cleaner Production 112 (January): 
3952ï65. 

19 ñCensus of Fatal Occupational Injuries (CFOI) - Current and Revised Data.ò 2018. Bls.gov. December 18, 2018. https://www.bls.gov/iif/oshcfoi1.htm. 
20 ñTrain Fatalities, Injuries, and Accidents by Type of Accident | Bureau of Transportation Statistics.ò n.d. Www.bts.gov. https://www.bts.gov/content/train-fatalities-injuries-

and-accidents-type-accidenta. 
21 ñCoal Mining Fatality Statistics: 1900-2013.ò 2013. Msha.gov. 2013. https://arlweb.msha.gov/stats/centurystats/coalstats.asp. 
22 ñCDC - Fatalities in the Oil and Gas Extraction Industry (FOG) - NIOSH Workplace Safety & Health Topic.ò 2021. Www.cdc.gov. June 24, 2021. 

https://www.cdc.gov/niosh/topics/fog/default.html. 
23 2022. Dot.gov. 2022. 

https://portal.phmsa.dot.gov/analytics/saw.dll?Portalpages&PortalPath=%2Fshared%2FPDM%20Public%20Website%2F_portal%2FSC%20Incident%20Trend&Page
=Significant%20Incidents%20Consequences. 
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3.2.2.1 Fatality values  

Fatality estimates for biomass, biofuels, hydro, nuclear, solar, and wind include reported fatalities from all aspects of the 

supply chain in aggregate. These values were calculated from a proprietary database to which DNV does not have access 

and come from accidents happening in many different countries.24 The source data for these resources does not 

disaggregate fatalities by specific supply chain activity. For coal and natural gas, DNV developed fatality estimates using 

publicly available data for US production,25,26 transportation,27,28 and generation29 (See Appendix A for more details). Fatality 

values are shown in Figure 3-7 and are reported in fatalities per GWh because fatalities are closely tied to fuel inputs for 

fossil fuel generation, and the amount of fossil fuel inputs is more dependent on output than capacity.  

Figure 3-7. Fatalities by generation type30 

 

Fatalities per GWh were highest for wind, followed by coal, and hydro. Wind fatalities may be higher due to the relatively 

high frequency of small aircraft collisions with wind turbines, dangerous maintenance work on top of turbines, and potential 

increased documentation due to active monitoring of operations by critics and advocates. Coal has the second-highest level 

 
24 Sovacool, Benjamin K., Rasmus Andersen, Steven Sorensen, Kenneth Sorensen, Victor Tienda, Arturas Vainorius, Oliver Marc Schirach, and Frans Bjørn-Thygesen. 

2016. ñBalancing Safety with Sustainability: Assessing the Risk of Accidents for Modern Low-Carbon Energy Systems.ò Journal of Cleaner Production 112 (January): 
3952ï65. 

25 ñCDC - Fatalities in the Oil and Gas Extraction Industry (FOG) - NIOSH Workplace Safety & Health Topic.ò 2021. Www.cdc.gov. June 24, 2021. 

https://www.cdc.gov/niosh/topics/fog/default.html. 
26 ñCoal Mining Fatality Statistics: 1900-2013.ò 2013. Msha.gov. 2013. https://arlweb.msha.gov/stats/centurystats/coalstats.asp. 
27 2022. Dot.gov. 2022. 

https://portal.phmsa.dot.gov/analytics/saw.dll?Portalpages&PortalPath=%2Fshared%2FPDM%20Public%20Website%2F_portal%2FSC%20Incident%20Trend&Page
=Significant%20Incidents%20Consequences. 

28 ñTrain Fatalities, Injuries, and Accidents by Type of Accident | Bureau of Transportation Statistics.ò n.d. Www.bts.gov. https://www.bts.gov/content/train-fatalities-injuries-

and-accidents-type-accidenta. 
29 ñCensus of Fatal Occupational Injuries (CFOI) - Current and Revised Data.ò 2018. Bls.gov. December 18, 2018. https://www.bls.gov/iif/oshcfoi1.htm. 
30 Fatality rates are not sub-technology specific, meaning the same estimate is applied for coal and coal with carbon capture, all natural gas sub-technologies, and solar. 
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of fatalities likely because mining is a dangerous job. When compared to a similar resource like natural gas, it is important to 

note that electricity production accounts for the vast majority of coal use (91.5%).31 For natural gas, the extraction and 

transportation values, while high for the entire industry, are being multiplied by the percentage of natural gas that goes for 

electricity production (38%).32  

When further comparing coal against the resource with the third-highest fatalities per GWh (Reservoir Hydro), the values are 

not perfectly relatable because they come from different sources. Reservoir Hydro comes from a proprietary database. While 

DNV cannot look at all incidences in the database, the top eight are shown to be catastrophic dam failure accidents.33 It is 

unknown if this database accounts for accidents during construction or mining of raw material, which would create a more 

even comparison with coal.  

3.2.2.2 Monetized Impacts 

Figure 3-8 presents the monetized impacts from fatalities by generation type. DNV monetized fatalities using the EPAôs 

value of a statistical life,34 adjusted to 2021 dollars using the Federal Reservesô Consumer Price Index.35 This conversion is 

seen in  Equation 2. This analysis treats fatalities consistently across all generation types and supply chain activities, so the 

proportional difference between resource sites is the same in Figure 3-8 as it is in Figure 3-7. 

Equation 2. Monetized safety 

ὓέὲὩὸὭᾀὩὨ ίὥὪὩὸώ 
Α

ὓὡὬ
ὛὥὪὩὸώ 

ὊὥὸὥὰὭὸὭὩί

ὓὡὬ
ὼ ὠὥὰόὩ έὪ ὥ ὛὸὥὸὭίὸὭὧὥὰ ὒὭὪὩ

ΑρπȟχτςȟωρφȢφχ

ὊὥὸὥὰὭὸώ
 

 

 
31 Use of coal - U.S. Energy Information Administration (EIA) 
32 https://www.eia.gov/energyexplained/natural-gas/use-of-natural-

gas.php#:~:text=The%20commercial%20sector%20uses%20natural,combined%20heat%20and%20power%20systems. 
33 Sovacool, Benjamin K., Rasmus Andersen, Steven Sorensen, Kenneth Sorensen, Victor Tienda, Arturas Vainorius, Oliver Marc Schirach, and Frans Bjørn-Thygesen. 

2016. ñBalancing Safety with Sustainability: Assessing the Risk of Accidents for Modern Low-Carbon Energy Systems.ò Journal of Cleaner Production 112 (January): 
3952ï65. 

34US EPA. n.d. ñMortality Risk Valuation.ò Accessed February 23, 2022. https://www.epa.gov/environmental-economics/mortality-risk-valuation.  
35 Federal Reserve Bank of Minneapolis. n.d. Review of Consume Price Index, 1800-. https://www.minneapolisfed.org/about-us/monetary-policy/inflation-

calculator/consumer-price-index-1800-. 

https://www.eia.gov/energyexplained/coal/use-of-coal.php#:~:text=Use%20of%20coal%20-%20U.S.%20Energy%20Information%20Administration,about%2010%25%20of%20total%20U.S.%20energy%20consumption.%20
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Figure 3-8. Monetized fatalities by generation type 

 

3.2.3 Reliability and resiliency 

The reliability and resiliency impact of generation resources could be negative or positive to Avistaôs customers. While some 

types of resources may be able to increase reliability and resiliency in certain circumstances, there are no generalizable 

reliability and resiliency impacts by generation resource. Detailed modeling would be necessary to assess the reliability and 

resiliency impacts of the existing and proposed resources as these benefits are based on the location of the resource and its 

interaction in the larger transmission and distribution grid. Further, any benefits may not be societal impacts, but rather 

impacts only to specific customers.  

3.2.4 Energy security 

The IEA36 defines energy security as ñthe uninterrupted availability of energy sources at an affordable price.ò This definition 

has broad implications. National energy policy plays a role in the availability of fuel and other imports necessary to generate 

energy. At a more local scale, the uninterrupted availability component can be considered via distribution system reliability 

and resiliency metrics. DNV recommends using energy burden as a metric for the affordability component of the definition. 

Energy burden is often a component of housing burden, which is directly factored into the Washington Health Disparities 

score. Additionally, energy burden is also an often-considered equity-related metric.  

Energy burden is calculated as the proportion of household income spent on electricity and heating. As such, the effects of 

different generation resources on household income and the cost of electricity are the necessary components for estimating 

energy burden effects. While some of these aspects are addressed by the Economic NEIs, DNV suggests addressing this 

metric qualitatively by assessing whether a resource is expected to increase or decrease customerôs energy costs through 

 
36 https://www.iea.org/topics/energy-security 
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the IRPôs revenue requirement or energy rate calculation of future energy costs. This serves as an indicator of how 

expensive energy will be to the end user to maintain affordability of energy.  
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3.2.5 Environment 

Electricity-generating technologies have a variety of environmental impacts throughout their life cycles. DNV considered land 

use, water use, wildfire risk, and wildlife impacts. These metrics vary substantially in data availability across technologies 

and project phases.  

3.2.5.1 Land use 

Land use represents the indirect and on-site operational costs of a power plant during its operation. Land use affects all 

generation technologies via fuel extraction for fossil fuels and nuclear and use of land for energy generation rather than food 

production for renewables. Table 3-6 presents the descriptions of the types of land uses included in the values for each 

phase.  

Table 3-6. Land use phase descriptions 

Land Use Phase Description Sources 

Construction 
Land used during manufacturing, construction, and for key construction inputs 

such as gravel.  

NREL37; DNV 

subject matter 

experts; 

Stevens et al38 

Mining Land used for fuel mining and production.  

Operations Land used for resource operations.  

Decommissioning 
Land used to store, dispose of, or recycle the components of the resource 

following operations. 

 

  

 
37 National Renewable Energy Laboratory (NREL). Review of Land Use by System Technology. Energy Analysis. https://www.nrel.gov/analysis/tech-size.html. 
38 Stevens, Landon, Barrett Anderson, Colton Cowan, Katie Colton, and Dallin Johnson. 2017. Review of The Footprint of Energy: Land Use of U.S. Electricity Production. 

Strata Policy. https://docs.wind-watch.org/US-footprints-Strata-2017.pdf. 
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Land use values 

DNV compiled land use values from NREL, Stevens et al, and internal subject matter experts. Table 3-7 summarizes the 

land use value coverage by generator type and phase. Checks indicate identified values, circles indicate missing values, 

and blank cells indicate phases where no value is expected (fuel mining for renewables). While DNV was able to identify 

values for most phases that are expected to have the largest land use, most generator types are missing construction and 

manufacturing land use as well as decommissioning.    

Table 3-7. Land use value coverage by phase 

Group  

Technology Phase 

Abbreviation Generator Types 

C
o

n
s

tr
u

c
ti

o
n

 

O
p

e
ra

ti
o

n
 

M
in

in
g

 

D
e
c

o
m

m
is

s
io

n
in

g
 

Biomass Biomass Biomass ¹  V ¹ ¹ 

Coal Coal Coal ¹  V V ¹ 

  Coal CCS Coal with Carbon Capture ¹  V V ¹ 

Hydro Hydro-PB Pumped hydro - brownfield ¹ ¹   ¹ 

  Hydro-GF Pumped hydro - greenfield ¹ ¹   ¹ 

  Hydro-Res Reservoir hydro V V   ¹ 

  Hydro-RR Run-of-river hydro ¹  ¹   ¹ 

  Hydro-RRS Run-of-river hydro with storage ¹ ¹   ¹ 

Hydrogen electrolyzer HE-LG Hydrogen electrolyzer - large ¹ V   ¹ 

  HE-SM Hydrogen electrolyzer - small ¹ V   ¹ 

Lithium-ion Storage Batt-LG Lithium-ion Storage - Large ¹ ¹   ¹ 

  Batt-SM Lithium-ion Storage - Small ¹ ¹   ¹ 

Natural gas NG-Aero Natural gas Aero Turbine ¹ V V ¹ 

  NG-CCCT Natural gas CCCT ¹  V V ¹ 

  NG-CT Natural gas CT ¹ V V ¹ 

  NG-ICE Natural gas internal combustion engine ¹ V V ¹ 

Non-natural gas NNG-Bio Non-natural gas (Bio-fuel) ¹ ¹   ¹ 

  NNG-CF Clean Fuel Turbine ¹ ¹   ¹ 

  NNG-Hyd Non-natural gas (Hydrogen) ¹ ¹   ¹ 

  NNG-LAir Non-natural gas (Liquid air) ¹ ¹   ¹ 

  NNG-Ren Renewable natural gas storage tank ¹ V   ¹ 

Nuclear Nuclear Nuclear ¹ V V ¹ 

Solar Solar-Com Community solar V V   V 

  Solar-Rft Rooftop solar V V   V 

  Solar-Utl Utility-scale solar V V   V 

Wind Wind-LG Large wind V V   ¹ 

  Wind-Off Off-shore wind V V   ¹ 

  Wind-SM Small Wind V V   ¹ 

 

The assembled land use values are reported in acres per MW in Figure 3-9. Reservoir hydro had the highest land use per 

per MW. It is important to note that actual land use for the reservoir and operational building may be greater or smaller 

depending on the local topography. The next highest land use was for onshore wind, which includes both direct and indirect 

land use. Actual land use for a project may vary, depending on how much of the land can be used for other activities such as 

farming. Offshore wind land use is limited to the land needed onshore to connect the resource to the grid and does not 
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account for the ocean surface area occupied. Construction land use for hydro, solar, and wind includes the land needed for 

mining raw materials needed to manufacture or construct the resources. Natural gas mining includes the land needed for 

frac sand mining as well as fracking. Coal mining assumes that surface mining accounts for two-thirds of the mining while 

underground mining accounts for the remaining third.   

Figure 3-9. Land use by generation type by MW 

 

 

Monetized impacts 

Given the cost of the land is part of capital cost or the cost of the products Avista acquires, DNV does not propose to include 

these land impacts as a non-energy impact. There could be additional land use impacts considered such as the effect of 

property values on neighboring lands. These impacts could be both positive (i.e. hydro reservoir) or negative in the case of 

power production facilities. DNV recommends further study on this topic as part of its study gaps section. 
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3.2.5.2 Water use 

Water is often used throughout the lifecycle phases of electricity generation. It is commonly used in sustainability models 

and can vary substantially across generation resources.  

Water use values 

Water consumption during operations is a readily available metric for most generation resources. Water consumption is the 

water that is withdrawn and lost through evaporation, transpiration, or other causes. As water consumption is typically 

associated with the amount of electricity generated, this analysis compares water consumption in gallons per MWh. All water 

consumption values are from Macknick et al.39  

Figure 3-10 shows the operational water use by generation type. Reservoir hydro has the highest operational water 

consumption based on evaporative water losses from the reservoir. The United State Geological Survey (USGS) estimates 

there is 21 inches of evaporation in Lake Couer d Alene which is centrally located relative to Avista hydro resources. 40  With 

an approximate surface area of 5,600 acres, water loss from the Noxon reservoir is approximately 2,000 gallons/MWh. This 

value could vary dramatically based on the surface area of the reservoir as well as the weather. The water consumption for 

coal, biomass, natural gas, and nuclear assume a cooling tower is used. Solar uses minimal water, assuming that the panels 

are washed periodically.  

Figure 3-10. Operational water consumption by generation type by MWh 

  

 
39 Macknick, J, R Newmark, G Heath, and K C Hallett. 2012. ñOperational Water Consumption and Withdrawal Factors for Electricity Generating Technologies: A Review of 

Existing Literature.ò Environmental Research Letters 7 (4): 045802. 
40 Maupin, M.A., and Weakland, R.J., 2009, Water budgets for Coeur dôAlene Lake, Idaho, water years 2000ï2005: U.S. Geological Survey Scientific Investigations Report 

2009-5184, 16 p. 



 
 

DNV  ï  www.dnv.com  Page 21 

 

Monetized impacts 

DNV recommends only monetizing water consumption for resources that do not have the cost of water included as part of 

the resourceôs cost. In this event, Avista could use the Spokane, WA commercial water utility rates for water use greater 

than 1,000 cubic feet41 as an approximation for this non-energy impact. 

  

 
41 Spokane City. 2022 Commercial Utilities Rates. Spokane City Public Works & Utilities. Accessed February 16, 2022. https://my.spokanecity.org/publicworks/utility-

billing/commercial-rates/. 
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3.2.5.3 Wildfire risk 

Fossil fuels contribute to wildfires through climate change effects, and as of 2014, wildfires were not included in the EPAôs 

social cost of carbon calculations.42 43 DNV was unable to identify a readily identifiable monetized wildfire metric. Because 

climate change has increased the severity and timing of wildfires,44 greenhouse gas (GHG) emissions per MWh could serve 

as a proxy for wildfire risk. Avista currently factors this risk using the Social Cost of Carbon in its IRPôs Washington Preferred 

Resource Strategy Analysis. Further research to develop a wildfire risk assessment could consider fire risk by technology 

which could result in a wildfire, length of long-range transmission lines by existing or proposed resource, or the wildfire risks 

associated with specific locations.   

 

  

 
42 Environmental Defense Fund, Institute for Policy Integrity, and NRDC. 2014. Review of Flammable Planet: Wildfires and the Social Cost of Carbon. 

https://costofcarbon.org/files/Flammable_Planet__Wildfires_and_Social_Cost_of_Carbon.pdf. 
43 Avista uses the social cost of carbon as set in Executive Order 12866. This executive order cites that its estimates come from The DICE (2010), FUND (2012), and 

PAGE (2009) models, all versions of which were prior to the 2014 Environmental Defense Fund analysis of the EPA social cost of carbon. Additional research into 
available documentation of those three models failed to identify wildfire costs as included in them. The closest, specific cost cited was for the FUND model 
(http://www.fund-model.org/files/documentation/Fund-3-9-Scientific-Documentation.pdf), which considers timber production. However, that document makes no 
reference to the effects of fires either on timber production or independent of it. DICE documentation lists similar, high-level cost factors as FUND, and the HOPE 
model documentation does not list any specific cost factors. 

44 US EPA. 2016. ñClimate Change Indicators: Wildfires | US EPA.ò US EPA. July 2016. https://www.epa.gov/climate-indicators/climate-change-indicators-wildfires. 

http://www.fund-model.org/files/documentation/Fund-3-9-Scientific-Documentation.pdf
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3.2.5.4 Wildlife impacts 

Different generation technologies can adversely affect wildlife through climate change effects or direct contact with native 

species. Impacts can occur throughout the lifecycle of generation resources and can be highly variable depending on the 

location of the resource. One commonly cited metric for wildlife impacts is avian fatalities from direct and indirect operations 

of electricity generation. These fatalities include birds crashing into generators as well as the impacts of mining on avian 

populations. Figure 3-11 presents the avian fatality rates for combustion technologies, wind, and nuclear. Nuclear had the 

highest fatality rate, followed by wind, and fossil fuels. DNV did not monetize these impacts, as there was no readily 

available monetary value to use.  

Figure 3-11. Avian fatalities per MWh 

 

In addition to a dearth of monetized values of wildlife impacts, it should be noted that wildlife impacts are often included in 

environmental impact studies that are required as part of the permitting and relicensing process for specific generation 

assets. This often results in remediation costs being embedded in the cost of that generation resource. For example, to 

mitigate fish impacts, a hydro plant might be required to build and maintain fish hatcheries or dissolved gas might be 

rectified through improvements to spillway processes.  
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3.2.6 Economic 

Jobs are the economic impact most directly affected by adding or retiring new generation, and there are readily available 

data on these effects. The NREL Jobs and Economic Development Impact (JEDI) models include job effects for a variety of 

generation technologies, including multiplier effects that take into account direct, indirect, and induced jobs. These 

multiplicative effects represent the full GDP effects of the jobs split into construction and operation phases. Table 3-8 

describes the economic metrics produced by the JEDI model. When applying the economic metrics to the generation 

resources, DNV used the value added metric. 

Table 3-8. Economic metric descriptions 

Metric Description Sources 

Jobs 

Construction period jobs refer to full-time equivalent jobs for a year during construction 

period. Operating year jobs refers to the ongoing or permanent full-time equivalent 

jobs for each year of operation.  

JEDI45 

 

Earnings 
Refers to the wage and salary compensation paid to workers. This monetizes the job 

impacts.  

Output This covers all costs associated with the resource.  

Value Added 

The difference between total gross output and the cost of intermediate inputs. It is 

comprised of payments made to workers (wages and salaries and benefits), 

proprietary income, other property type income (payments from interest, rents, 

royalties, dividends, and profits), indirect business taxes (excise and sales taxes paid 

by individuals to businesses, and taxes on production and imports less subsidies. It is 

equivalent to gross domestic product. 

 

Each of the metrics is further disaggregated into the following types of impacts:  

¶ Direct: Labor directly related to onsite development, construction, and operations 

¶ Indirect: Supporting industry impacts 

¶ Induced: Impacts due to reinvestment and spending driven by the direct and indirect impacts 

It should be noted that Avista already accounts for direct impacts in the cost to commission and run facilities and indirect 

costs would be assumed to be included in the costs of materials and other supporting services. Therefore, only induced 

impacts represent NEIs.  

There are 6 JEDI models that applied to Avistaôs existing and proposed resources, wind (large and small), off-shore wind, 

pumped hydro (greenfield and brownfield), coal, biomass, and natural gas (CT and CCCT). The JEDI models include default 

values but also allow users to specify many inputs. For the purposes of this study, DNV specified location, year of 

construction, resource size, and percent local for each existing and proposed resource. More detailed methods can be found 

in appendix A on model versions and assumptions.  

 
45 Jobs and Economic Development Impact Models (JEDI). Biofuels, Coal, Conventional Hydropower, Marine and Hydrokinetic Power, Natural Gas, and Wind. NREL. 
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Exceptions 

DNV used slightly different methods for some of the resources as described here. 

Offshore wind: The JEDI model for offshore wind is in beta. The direct economic impacts reported by the model were 

reasonable and in-line with expected values. However, DNV observed that the indirect and induced economic impacts from 

the JEDI model were much higher than for any other model and implied an unreasonably high multiplier (approximately 12:1 

and 9000:1, respectively). To compensate, DNV used the direct impacts produced by the JEDI model and applied indirect 

and induced job multipliers from The Economic Policy Institute46 (EPI) to estimate indirect and induced job impacts. The EPI 

study reports multipliers by major industries and sub-industries that corresponds with a two-digit code. DNV used the 

multipliers reported for the major industry, utilities, and sub-industry, electric power generation, transmission, and 

distribution, that corresponds with the two-digit code 12 in this source. 

Solar PV: NREL does not provide JEDI models for solar PV. DNV could not identify any unbiased, third-party reports of the 

job impacts for solar PV installations. Organizations representing the solar PV installation industry publish reports, but DNV 

did not have confidence in the impartiality of these sources. To provide job values, DNV estimated direct, indirect, and 

induced jobs using capital cost assumptions from Avistaôs 2021 IRP and jobs per capital outlay ratios from EPI47 for the 

Construction industry type (code 15).  DNV assumed capital costs of $1000 per kW for large scale solar projects and $2000 

per kW for small scale solar projects based on information from Avista. These numbers were used alongside the EPI 

Construction jobs per million dollars in final demand to calculate direct, indirect, and induced jobs per MW. 

Coal with carbon capture: Carbon capture technology is too new for there to be reliable information or models related to 

construction or operations costs. However, there are established models for coal plants without carbon capture. To reflect 

the additional equipment needed for carbon capture, DNV multiplied the economic impacts for standard coal plants by 1.2 

the ratio of the LCOE of coal with carbon capture to standard coal. 

For clean fuel non-natural gas, DNV estimated operations economic benefits by using the proposed N. Idaho CCCT 

values but scaled to the MW and MWh values associated with this resource 

3.2.6.2 Construction impacts  

Benefits from construction are valued on a per MW basis because size is the main driver of how much a project will cost. 

Avista already accounts for the direct and indirect impacts as part of the cost of commissioning a facility. Therefore, only the 

induced impacts represent NEIs.  

  

 
46 Bivens, Josh. 2019. Updated Employment Multipliers for the U.S. Economy. Economic Policy Institute. January 23, 2019. https://www.epi.org/publication/updated-

employment-multipliers-for-the-u-s-economy/. 
47 Bivens, Josh. 2019. Updated Employment Multipliers for the U.S. Economy. Economic Policy Institute. January 23, 2019. https://www.epi.org/publication/updated-

employment-multipliers-for-the-u-s-economy/. 
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Figure 3-12 shows the direct, indirect, and induced construction jobs for proposed generation resources. The figure does not 

include the construction economic impacts for existing generation resources, as those impacts were already realized. While 

the direct and indirect jobs are not considered to be NEIs, they do provide useful context for interpreting the induced jobs. 

Rooftop solar is expected to produce the most jobs overall, although pumped hydro projects would produce more direct jobs. 

Greenfield and brownfield hydro projects are likely to be large, capital-intensive projects. In contrast, while any, single 

rooftop solar project would be very small, a very large number of these projects could be completed. It should also be noted 

that DNV utilized a different method to estimate Solar PV job impacts, so these values should be interpreted with caution.  

Figure 3-12. Construction jobs by proposed generation type 

 

 

  














































































