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JOB AID 
Benefit-Cost Analysis for Backup Power Projects 

(including Generators and Microgrids) 
 
 

Background 

This Job Aid provides guidance for potential subappplicants when performing benefit-cost analysis (BCA) for 
proposed backup power (power loss mitigation) projects submitted through one of FEMA’s mitigation grant 
programs, including the HMA (Hazard Mitigation Assistance programs, which include the Hazard Mitigation 
Grant Program (HMGP), the annual Building Resilient Infrastructure and Communities (BRIC) and Legislative 
Pre-Disaster Mitigation Program (LPDM). This project type includes both generators and microgrids (which 
sometimes incorporate generators).  

BCAs compare risk from natural hazards before a proposed project is initiated to after a project is completed. 
Risk is an important concept in benefit-cost analysis, and it is defined as expected future losses from natural 
hazards. Losses are monetized in BCAs, meaning they are expressed in terms of dollars – this is so there is a 
basis to compare them to other projects, and to the project cost. Risks fall into three general categories.  

1. Direct damages 
2. Loss of function 
3. Injuries and deaths 

 
Direct damages are fairly self-explanatory, and refer to the cost to repair or replace physical elements after 
they are impacted by natural hazards. Energy and generator projects typically have limited physical damages, 
with the occasional exception of spoiled food or vaccines when refrigerator is interrupted during power losses. 
Loss of function occurs when a community function is interrupted or stopped due to the impacts of a power 
loss. Functions include utilities (water, wastewater, electricity, data), administrative functions, and critical 
facilities like police, fire, hospitals and EOCs. When such functions are interrupted or are operating at less than 
full capacity, the impacts to the community are often widespread and significant. Loss of function generally 
predominates benefit-cost analyses for backup power projects. The last category is injuries and deaths. This 
category is typically not used for generator or energy projects since loss of power usually does not result in 
injuries or death. 

Note that starting in 2023 (via the BRIC and FMA programs) FEMA established a policy whereby benefit-cost 
analysis is not required for projects under $1M total project cost. A narrative and data are required as part of 
the grant application. This policy was expanded to the HMGP and FMA programs in a 2024 guidance 
document. See the bibliography at the end of this document for a link that provides additional information 
about process less than $1M. Note that one aspect of the narrative process is that subapplicants must provide 
quantitative data to support a BCA.  

 

BCA Software 

In most cases, FEMA requires the use of its software to complete benefit-cost analyses of proposed mitigation 
projects (as noted above, cost effectiveness determinations for projects under $1M may be addressed via a 
narrative that is supported with quantitative data). The end section of this document includes a link where 
users can download the software. The software is based on MS Excel, which may be run via the on-line version 
of MS Office or in the desktop environment. Users who encounter difficulties downloading or installing the 
program should contact FEMA’s BC Helpline at the email address or the telephone number listed below. In 
some (rare) cases, system administrators will want to discuss potential security issues prior to allowing the 
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software to be installed. This is best addressed by having the system administrator work directly with the BC 
helpline.  

 

Energy and Generator Project Types 

 
The energy and generator project types are listed below 

 Emergency generators 
 Solar voltaic systems 
 Microgrids 
 Battery backup systems and storage 

Emergency generators are the most common project type submitted through the FEMA’s mitigation grant 
programs.  

Methodologies 
 
There are two basic generator BCA methodologies, and a wide range of variations within these approaches. 
The two methodologies include the Generator Default path in the BCA Toolkit and the Damage Frequency 
Assessment (DFA). The Generator Default path includes FEMA default power loss recurrence intervals and 
“impact days”, which is the duration of power losses. Establishing recurrence intervals and power loss 
durations is often the most difficult part of the BCA process for backup power projects. With FEMA defaults 
provided for these inputs, the BCA process becomes significantly easier with minimum documentation 
required to show the project as cost-effective. The FEMA default values are based on national averages, and 
are incorporated directedly into the software. Analysts should start with this approach in most cases.  
 
In some cases, the FEMA power loss defaults will not produce sufficient benefits to show the project as cost-
effective. When this occurs, there are several options. One option is to base the analysis on historical power 
loss data from the utility provider. This data may indicate longer outage durations than the software defaults, 
although this is somewhat unusual. Longer outages typically result in greater project benefits and higher 
benefit-cost ratios. If the project is still not cost effective using this approach, then a combination of the FEMA 
generator defaults and historical power loss can be used in the same BCA. When this approach is used, its basis 
is usually to establish an annual power loss (a 1-year recurrence interval) and determine the duration 
associated with the annual interruption.. This is a common approach, but other methods can also be used to 
integrate the historical loss of function times with the FEMA default values. This is in addition to the pre-
mitigation generator default values of 5, 48, and 181 years. This combination is likely to produce the highest 
possible benefits for the project. If the project is still not cost effective using this combination approach, this 
usually means that the proposed project will never achieve cost-effectiveness. See the later subsection pre-
testing projects.  
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Data Inputs, Sources and Documentation 
 
Note that these two bullet lists provide short, general descriptions, and later parts of the document include 
more details about the various inputs.  
 
 Project Cost. This is generally obtained from a vendor, manufacturer or other knowledgeable source, 

and must match the figure in the subapplication.  
 Project Useful Life (PUL): 19 years is the default PUL for generators and does not require 

documentation. Documentation is required to support using a PUL longer than 19 years – this must be 
provided from a manufacturer warranty or other source that can demonstrate the generator has an 
expected service life of longer than 19 years. There is no default PUL for microgrid projects, so this 
must be determined by the analyst/subapplicant as part of the BCA process, and must be documented.  

 Annual maintenance Cost: This figure can come from a knowledgeable source such as a 
vendor/manufacturer or someone in the subapplicant jurisdiction with such experience.  

 Number of customers served: This is required for backup power projects for utilities. The information 
will usually come from the public works department, or whatever organization is responsible for the 
utility. The figure can be documented in various ways, such as a memo (on letterhead), email from a 
knowledgeable source, or via a map and tabular data. Note that customers served means individual 
people, not connections. For residential uses, the U.S. Census Quickfacts website can be used to 
determine the average number of individuals per residence.   

 Annual operating budget: The annual operating budget is used in BCAs for backup power projects  for 
non-critical community facilities, e.g. administrative buildings, libraries, shelters, etc. The budget 
figures are most often provided by the department responsible for overseeing the building operations, 
and should include staff salaries and benefits, and the operations and maintenance of the facility. The 
total expenses for departments that function out of the building is entered in the Critical Facilities 
Properties section of the BCA. Documentation of the annual operating budget is included as part of the 
supporting documents for the BCA.   

 Specific inputs for critical facilities. These vary by facility type, but are based on the service type 
(police, fire, EMS). The inputs relate to service area, distance to analogous facilities and in the case of 
police services, the number of officers who would area out of a particular station if the power is lost. 
Analysts should review the specifics in the BCA software.  

 
When the FEMA default power loss data is not used, or when it is used and combined with historic data, 
additional data must be developed and documented.   
 
 Recurrence Interval: A recurrence interval or series of recurrence intervals must be established based 

on the historical outage history provided by the utility provider. Outage history can be determined in 
several ways, including requesting it from the power provider, obtaining utility reliability reports (see 
later subsection on this process), or from a knowledgeable source at the facility itself. The first two 
options are preferred. If several (or more) years of power losses and durations are available, the best 
approach is usually to average the data and enter it as a 1-year recurrence interval in the software. 
Note that power loss information from a utility may be provided as system wide or circuit-specific 
data. Circuit based data is preferred.  

 Power Loss Duration: The historical power loss data provided by the utility provider is used to 
determine the loss of function time entered in the BCA. As noted above, an average annual loss of 
function can be calculated for the BCA, or other methods can be used to determine the loss of function 
times. Note that most utility power interruption data is indicated in minutes, so the analyst must 
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convert the minutes to days, as the software requires the latter. The conversion is simply 
minutes/1,440. The 1,440 value is the number of minutes in a day. For example, if a utility reports an 
average of 275 minutes a year in power outages, then 275/1,440 = 0.19 days.  
 

Mitigation Project Costs 

 
Analysts (subapplicants or their consultants) must include accurate project costs in BCAs. Project costs are 
usually developed by engineers or whoever designed a project. However, in many cases costs are preliminary, 
particularly when projects are phased and the first phase is intended to develop specifications and accurate 
costing and scheduling. In cases where project costs are preliminary or estimated, it is still important to make 
them as accurate as possible, and provide credible documentation. The project cost entered in the BCA must 
match the total included in the budget section of the subapplication. 
 

Maintenance Costs 
 
The maintenance costs for generator projects are typically estimated based on historical costs for maintaining 
other generators of a similar type and output. If these records are unavailable, the costs can be estimated by 
maintenance professionals familiar with the costs associated with maintaining a generator. An explanation for 
how the annual costs were calculated and a description of the maintenance must be included as part of the 
BCA technical memorandum.  
 

Project Useful Life 
 
Project Useful Life (PUL) is simply the period over which a project is effective. In nearly all cases, the project 
useful life for generator is 19 years. This is the standard value from the PUL table in the BCA software and the 
BCA Reference Guide. Documentation is required to support a value of more than 19 years.  
 
 

FEMA Generator Defaults 
 
In 2021 FEMA released default recurrence interval values and loss of function durations for generator BCAs. To 
activate the FEMA generator default values the Project Configuration must include “Generator” as the 
mitigation action type and “professional expected damages” as the basis for the damage and frequency 
relationship. The pre- and post-mitigation default values are summarized in Figure 1 and Figure 2 below. These 
screen captures from the Toolkit show the default values include 5, 48, and 181 years in the Damages Before 
Mitigation table. The Damages After Mitigation table includes a recurrence interval of 181-years and one day 
loss of function.  
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Figure 1 
FEMA Generator Default Values: Damages Before Mitigation 

 

 
 

Figure 2 
FEMA Generator Default Values: Damages After Mitigation 

 

 
 

Project Effectiveness 
 
Project effectiveness is the extent to which a mitigation activity reduces future damages. The FEMA generator 
defaults include one post-mitigation recurrence interval. After mitigation, a single 181-year recurrence interval 
is included with a single day loss of function. This recurrence interval and one day loss of function can be used 
if using the pre-mitigation FEMA defaults or if the BCA is based on historical power loss data. The one day loss 
of function accounts for the possibility of fuel exhaustion or failure of the generator. Subapplicants may use 
another basis for the project effectiveness, but if the default 181-year/1 day of outage post-project is not used, 
the alternative must be explained and documented.  

 
Projects With Multiple Mitigation Actions 

 
In some cases, subapplications and associated BCAs will include generators on multiple sites (pump stations, 
etc.). In this case, the preferred approach is to create a mitigation action for each location. This is because 
various sites may have different service populations or budgets, and these must be separated in the analysis.. 
Whichever option is selected, the total project cost must match the total included in the subapplication. When 
using multiple mitigation actions, analysts must enter the project cost only once in the overall BCA. This can be 
done by entering a separate cost for each site, associating the entire cost with one action, or establishing a 
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separate mitigation action for only the cost. The last option is preferred because it is easier to change it in the 
software later if the cost is revised. For each generator site location, the specific service population is identified 
and entered in the number of customers served field of the BCA. Figure 3 shows a sample generator project 
that includes three mitigation actions.  
 

Figure 3 
Generator BCA With Multiple Mitigation Actions 

 

 
 
 

Generators for Utilities – Number of Customers Served 
 

This is required for utility power loss mitigation projects, and is determined based on the service population of 
the specific utility site where the generator is to be installed. If a map of the service population is available, this 
is considered the best documentation to support the number of customers. System (or sub-system) maps must 
be accompanied by tabular data indicating the service population. This can usually be included in a system 
map legend, but may also be a separate memo or letter. Geographic Information Systems (GIS) is commonly 
used to determine the number of residential structures (or connections) within the service area. The number 
of structures is then converted to the total estimated individual end users (or customers). The number of 
building residents is determined from the US Census QuickFacts. The QuickFacts includes the average number 
of building residents per household. This value is multiplied by the number of residential buildings to 
determine the total number of residents. A link to the Census QuickFacts is provided below 
https://www.census.gov/quickfacts/fact/table/US/PST045222.  
 
In some cases, there isn’t a map or GIS capabilities available to determine the service population. Other 
options for providing supporting documentation for the number of customers served includes accounting 
records that list the connections (structures) within the service area or a signed letter that explains how the 
service population was determined.  
 
The service population must also be determined for portable generators. When portable generators are 
included as part of a subapplication, they must designate a site location where they will be connected to at 
times of power failure. The service population for the designated site must be determined and the entered in 
the BCA.   
 

Historical Power Loss Data 
 
If the project cannot be shown as cost-effective using the FEMA generator defaults, it is also possible to use 
historical power loss data. The best source of historical power loss data is the local utility provider. There are 
also utility reliability reports that can provide historical power loss statistics. Utility companies track the 
durations and numbers of interruptions in power on a system and customer basis. Note that not all utilities are 
required to produce this information, but most of the larger ones do this as part of their required reporting to 
public utilities commissions. Interruptions are usually reported with several standardized metrics: System 

https://www.census.gov/quickfacts/fact/table/US/PST045222


   
BCAs for Backup Power Projects – Job Aid P a g e  | 7 

Average Interruption Duration Index (SAIDI) and System Average Interruption Frequency Index (SAIFI. A third 
category is the Customer Average Interruption Duration Index (CAIDI) These reports defined below  
 
 System Average Interruption Frequency Index (SAIFI): A system index of average frequency of 

interruptions in power supply at the system level. 
 System Average Interruption Duration Index (SAIDI): A system index of average duration of 

interruption in the power supply indicated in minutes at the system level. 
 Customer Average Interruption Duration Index (CAIDI): The average number of minutes it takes to 

restore non-momentary electric interruptions at the customer level. 
 
Figure 3 is an example of combined CAIDI and SAIFI data from an electric utility reliability report. This type of 
information can be used to derive power loss frequencies and durations, which can in turn be incorporated 
into a benefit-cost analysis. This can be used to either replace or supplement the default power loss 
information in the FEMA BCA software. Default and derived power loss frequency and duration data can be 
combined in the pre-mitigation DFA table by deselecting “use default data” on the slider above the table, then 
adding one or more additional events. Any use of utility reliability data must be explained and documented.  

 
Figure 3 

Example of Utility CAIDI and SAIFI Data 
 

 
 
WAEMD and FEMA require subapplicants to provide documentation for all data used in a BCA. This must be 
included with the materials submitted as part of the grant application package. For generator projects, the 
most common documentation supports the number of customers served for utility projects and the annual 
operating budget for administrative buildings and other critical facilities that are not utilities (when applicable).  
  



   
BCAs for Backup Power Projects – Job Aid P a g e  | 8 

 
Benefit-Cost Analysis Technical Report 

 
WAEMD recommends that subapplicants prepare a BCA technical report that explains the methodologies and 
supporting documentation used as part of developing the BCA. The technical report is typically structured to 
match the general subsections of the BCA. Recommended sections of the report include the following 
 
 Introduction: (Includes description of the SOW). 
 Project Useful Life (PUL): Explanation as to how the PUL was determined (reference wildfire section of 

the PUL table). 
 Project Cost: Indicates the total project cost and references documents that support the project cost 
 Annual Maintenance Cost: Description of the maintenance and explanation as to how the cost was 

calculated. 
 Methodology: FEMA default generator values, historical power loss, or combination of both. 
 Number of customers served: Include this section if the BCA is completed for a utility infrastructure 

project 
 Historical power loss: Include discussion about how power loss data was used in the BCA (if applicable) 
 BCA Results: Summarize the results of the analysis and BCR. 

 
 

Additional Discussion of BCAs for Microgrid Projects 
 

BCAs for microgrid projects are substantially the same as for generators, but subapplicants should pay special 
attention to the expected performance of the proposed system. Microgrids are often based on a combination 
of solar arrays and battery storage, which may have significant limitations in generating power for a facility. 
This is particularly true for facilities with large power draws, such as those that use air conditioning or large 
pumps. In many cases microgrids are supplemented by generators, but (a) the generators may also not have 
sufficient output to drive power-hungry systems, and (b) this often results in questions about the redundancy 
of the two parts of such a system. Any benefit-cost analysis for a microgrid must include documentation of an 
analysis of facility power requirements (by a qualified vendor or electrical engineer), which must in turn 
support whatever level of effectiveness is indicated in the BCA. For example, if the BCA is indicating that a 
facility would be powered by a microgrid for 7 days, then the documentation must include an assessment of 
the power requirements and expected output of the proposed system for that period.  

 
 

Pre-Testing Cost-Effectiveness 
 
It is important to pre-test projects for cost effectiveness early in the subapplication development process. Pre-
test BCAs are often described as bounded analyses wherein the minimum and maximum possible benefits are 
estimated based on preliminary or partial data. For a backup power project, a lower bound analysis could be 
based on simply using the FEMA default power loss data, and making intentionally low assumptions about 
inputs such as the service population of a utility or the budget of a facility (among other examples). If, based 
on these under-estimated inputs, the result is a benefit-cost ratio over the required 1.0 (the minimum to show 
cost-effectiveness), then when more accurate data is obtained an input, the results will only increase. An upper 
bound analysis is based on the opposite principle, i.e. to use over-estimated data about these inputs, and if the 
result is a benefit-cost ratio of less than 1.0, then obtaining and inputting more accurate data would only 
decrease the ratio. data that is intentionally over-estimated, in order to determine the maximum likely 
benefits of a project. It is important to recognize that if a lower bound analysis yields a BC ratio of less than 1.0, 
this is not definitive, and the analyst must proceed with more data collection. The opposite is the case with an 
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upper bound analysis, i.e. if the result shows a benefit-cost ratio of greater than 1.0, then more analysis is 
required.  

 
Pre-Calculated Benefits - Hospitals 

 
On September 29, 2021 FEMA released the memorandum titled Pre-Calculated Benefits for Certain Hospital 
Generators to Demonstrate Cost-Effectiveness. This memo establishes the use of pre-calculated benefits to 
demonstrate cost effectiveness for hospital generator projects. The specific requirements to use the pre-
calculated benefits include the following 
 
 The hospital must have an emergency department 
 The project represents a stand-alone solution and demonstrates technical feasibility 
 Project can not be combined or aggregated with the benefits from another project 
 The total cost of the project must be less than or equal to the pre-calculated benefits 

 
 
The benefits are calculated based on the total square footage of the structure. The benefits are calculated at 
$6.95 per square foot for urban areas and $12.62 per square foot for rural areas. The hospital square footage 
and the use of urban vs. rural designation must be documented. The US Census Bureau is used to determine if 
an area is urban or rural. Provided below is the Rural America website which can be used to determine and 
document if a site location is considered urban or rural.  
 
https://mtgis-
portal.geo.census.gov/arcgis/apps/storymaps/collections/189aa1dbd64c4c81b3b4a2b71124f6c6?item=1 
 
 
Links to FEMA Software and Benefit-Cost Analysis Guidance 

Starting point for software and guidance documents 
https://www.fema.gov/grants/tools/benefit-cost-analysis 
 
Help with the software or BCA technical questions (the helpline will not review BCAs) 

bchelpline@fema.dhs.gov 
Or 1-855-540-6744 

 
Link to download the BCA software 
https://www.fema.gov/grants/tools/benefit-cost-analysis#toolkit 
 
Training materials 
https://www.fema.gov/grants/tools/benefit-cost-analysis/training 
 
Pre-calculated benefits (hospital generators, certain categories of flood mitigation projects, post-wildfire 
mitigation actions – see the long table) 
https://www.fema.gov/grants/guidance-tools/benefit-cost-analysis/streamlined-bca#pre-calculated-benefits 
 
Note that the Pre-Calculated Benefits link above includes information and links to various parts of the FEMA 
HMA Program and Policy Guide that address cost-effectiveness subjects and most other aspects of the 
different mitigation grant programs.  
 
2024 streamlined BCA guidance 

https://mtgis-portal.geo.census.gov/arcgis/apps/storymaps/collections/189aa1dbd64c4c81b3b4a2b71124f6c6?item=1
https://mtgis-portal.geo.census.gov/arcgis/apps/storymaps/collections/189aa1dbd64c4c81b3b4a2b71124f6c6?item=1
https://www.fema.gov/grants/tools/benefit-cost-analysis
mailto:bchelpline@fema.dhs.gov
https://www.fema.gov/grants/tools/benefit-cost-analysis#toolkit
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https://www.fema.gov/sites/default/files/documents/fema_policy-206-23-001-bca-discount-rate-and-
streamlined-approaches_april-24-2024.pdf 
 
Hospital Generator Pre-Calculated Benefit-Cost Analysis – Methodology Report, December, 2021 
 
September 29, 2021 memorandum: Pre-Calculated Benefits for Certain Hospital Generators to Demonstrate 
Cost-Effectiveness 
 

https://www.fema.gov/sites/default/files/documents/fema_policy-206-23-001-bca-discount-rate-and-streamlined-approaches_april-24-2024.pdf
https://www.fema.gov/sites/default/files/documents/fema_policy-206-23-001-bca-discount-rate-and-streamlined-approaches_april-24-2024.pdf

