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Abbreviated Glossary 
Although there are many different definitions for some of these terms, in this report we 
define them as follows: 

Resilience: According to Presidential Policy Directive 21 in 2013, the U.S. federal government 
defines resilience as “the ability to prepare for and adapt to changing conditions and 
withstand and recover rapidly from disruptions [including] the ability to withstand and 
recover from deliberate attacks, accidents, or naturally occurring threats or incidents” 
(Obama White House 2013).  

Passive survivability: The ability to maintain habitable and safe indoor conditions during 
energy outages or interruptions in fuel deliveries (DOE 2023a; Franconi et al. 2023; ULI 2022). 

System recovery: A system’s capacity to recover rapidly and cost efficiently from a power 
interruption (NIAC 2009). 
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Executive Summary  

KEY FINDINGS 
• Building resilience benefits attributable to utility demand-side programs are often 

undervalued or missing from program evaluation and selection processes. The 
data on these benefits are often not collected, as most state utility regulators do 
not require that this information be reported. 

• Where resilience benefits from energy efficiency programs are included in utility 
planning, outreach, and evaluation processes, they are included as improved 
system reliability benefits and avoided risk categories. By including the resilience 
benefits of enhanced energy performance, passive survivability, and system 
recovery, utilities can more accurately capture the additional value streams from 
building energy resilience in programmatic and regulatory approaches. 

• Among those utilities that do value or include building energy resilience, there are 
qualitative and quantitative approaches to valuing building energy resilience 
benefits from energy efficiency projects. 

• Qualitative approaches are often illustrated in marketing and outreach materials. 
Examples include descriptions of the resilience benefits of microgrid and battery 
storage programs and how they limit the length and frequency of outages. 

• Quantitative valuation approaches are used in cost-effectiveness analysis at both 
the project and program level. Examples include cost-benefit analysis with a net 
present value (NPV) calculation based on costs and savings from resilient 
infrastructure, and the use of metrics such as standard effective temperature (SET) 
to measure the passive survivability benefits of a building. 

 
To prepare for the impacts of future climate events, enhancing the resilience of buildings can 
allow residents to shelter in place for longer, and critical facilities to operate for longer. 
Studies have demonstrated that building energy efficiency programs yield resilience benefits 
by improving the passive survivability of buildings.1 However, utilities undervalue these 
resilience benefits.   

 

 

1 Urban Land Institute. 2022. Resilient Retrofits: Climate Upgrades for Existing Buildings. Washington, DC: ULI; 
Nadel, Steven, Jennifer Amann, and Hellen Chen. 2023. Energy Efficiency and Demand Response: Tools to 
Address Texas’ Reliability Challenges. Washington, DC: ACEEE; Rajkovich, Nicholas B., Michael E. Tuzzo, Nathaniel 
Heckman, Krista Macy, Elizabeth Gilman, Martha Bohm, and Harlee-Rae Tanner. 2018. Climate Resilience 
Strategies for Buildings in New York State. Albany: NYSERDA. Buffalo: University of Buffalo School of Architecture 
and Planning. 
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Incorporating resilience benefits into utility program cost-effectiveness analysis can improve 
program decision making and promote investment into demand-side resources, and it can 
inform utility program screening and selection processes. In order to develop 
recommendations for valuation of resilience benefits, we surveyed existing methods in the 
literature and conducted expert interviews. In this report, we identify benefits from enhanced 
building energy resilience, present building technologies that increase resilience, and discuss 
current qualitative and quantitative approaches for valuing resilience.  

BUILDING ENERGY RESILIENCE AND RESULTING BENEFITS 
While there are varying definitions of resilience, most refer to the ability to maintain 
operations through, and recover from, major disruptive events. Building energy resilience is 
related both to energy system resilience and community resilience, among other systems, as 
it is interconnected with building energy efficiency. Building energy resilience can be 
enhanced through utility retrofit programs.  

A multitude of benefits from utility retrofit programs accrue to building occupants, utilities, 
and wider communities when building energy resilience is enhanced. For example, enhanced 
building energy resilience can help increase occupant comfort and safety, and improve the 
operational quality of buildings, allowing people to shelter in place during extreme events 
and accompanying outages. Building owners and occupants can also receive financial 
benefits such as revenue from demand response program participation, reduced disruption, 
and enhanced building value. Utilities benefit from a lower risk of grid overload, which 
reduces the probability of power quality problems, disruptions from demand spikes, and 
damage to grid components. Resilient buildings may support more orderly restoration of 
service if there is a disruption, and are likely to be suitable candidates for participating in 
utility demand response programs. For more details refer to table 1 in the full paper. 

DEMAND-SIDE MANAGEMENT TECHNOLOGIES 
Many energy-efficient technologies included in utility programs can increase building energy 
resilience, priming utilities to lead building energy resilience efforts. Envelope measures, 
building control systems, and connected devices can improve the capacity of a building to 
retain livable conditions for longer during extreme temperatures, hurricanes, and wildfires. 
Distributed energy generation resources like solar and energy storage can also increase 
building energy resilience by protecting occupants and power-dependent building systems, 
enhancing system recovery by providing a reliable source of backup power, and reducing 
disruptions due to demand spikes. 

VALUATION APPROACHES 
While there are many resilience benefits of utility energy efficiency programs, utilities 
currently undervalue these benefits. However, a few utilities have begun to consider 
resilience benefits in their energy efficiency program planning and evaluation processes. At 
the program level, resilience can be valued both qualitatively and quantitatively. Qualitative 
approaches are largely used for outreach and marketing; for example, Pacific Gas & Electric 
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Company (PG&E) and Commonwealth Edison Company (ComEd) highlight the resilience 
benefits of their microgrid and battery storage programs, respectively.  

There are a few quantitative approaches, including cost-benefit analysis methods like the net 
present value (NPV) calculation proposed by Efficiency Vermont, which integrates resilience 
infrastructure benefits; tracking discrete metrics like those in Leadership in Energy and 
Environmental Design (LEED) to measure passive survivability; and a risk assessment 
approach used in a Department of Energy Building Technologies Office (DOE BTO) analysis.  

Existing utility cost-based valuation approaches, such as avoided cost and value of lost load, 
can be further leveraged for valuing resilience benefits. Furthermore, a small number of 
jurisdictions have used the National Standard Practice Manual for Benefit-Cost Analysis of 
Distributed Energy Resources (NSPM for DERs), a comprehensive framework for cost-
effectiveness assessment of DERs to incorporate resilience into program-level cost-
effectiveness evaluations (NESP 2020). For example, Minnesota currently acknowledges 
resilience as an impact, while Maryland has included resilience in its estimation of risk. 

KEY STAKEHOLDER ACTIONS AND RECOMMENDATIONS  
By taking the following actions, utilities, regulatory agencies, states, and other stakeholders 
can all work to expand the valuation of resilience benefits in energy efficiency programs.  

• Utilities can develop and formalize approaches for valuing resilience at the project 
and program level to inform investments in energy efficiency.  

• Regulators can help to standardize methodologies for quantifying resilience to 
enable more widespread consideration of resilience benefits.  

• State and local jurisdictions can incorporate building energy resilience in emergency 
planning efforts and work with utilities to foster a supportive environment for greater 
consideration of resilience benefits. 

• Advocates including building owners and tenants can help prioritize the resilience 
benefits alongside other types of benefits to advocate for policies and programs that 
help scale building retrofits. 

Advancing the valuation of the resilience benefits of building energy efficiency and other 
demand-side measures can help increase investment in resilient retrofits and will enable 
more homes and businesses to better withstand climate impacts, avoid outages, and support 
more orderly restoration of services. This can help communities, especially disadvantaged 
populations, to adapt to more frequent and intense climate events. 
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Introduction 
Electricity customers in the United States faced an average of approximately seven hours of 
interrupted power in 2021, with five of those hours due to extreme events (Berry 2022). In 
recent years, weather-related events such as prolonged extreme temperatures, hurricanes, 
flooding, and wildfires have tested the built environment and energy systems, leaving many 
without power, impacting productivity, safety, quality of life, and potential loss of life.2 Such 
impacts were seen during events like Winter Storm Uri in Texas in 2021, when 4.5 million 
people were without power for days (Nadel, Amann, and Chen 2023) and in the 2019 
California Kincade Fire, when 500,000 students were unable to attend school due to power 
outages, incurring an estimated daily cost to society of $14 million dollars (Tyson and 
Nanavatty 2020). Interruptions in power supply also impact the operations of critical facilities 
such as hospitals and community centers, and result in vulnerable populations enduring 
harsh conditions.  

Extreme events and subsequent outages can also cause production losses or spoiled 
inventory for businesses, especially facilities whose operations require continuous heating or 
refrigeration, such as grocery stores. E Source estimates that, on a national scale, U.S. 
businesses suffer losses of over $27 billion annually due to power outages (Wootton 2016). 
Given that an estimated 70% of power transformers and transmission lines in the United 
States are at least 25 years old, the aging grid can further exacerbate these conditions and 
lead to longer outages and greater losses (DOE 2015). Increased electrification of buildings, 
transportation, and industry may further stress the grid and call for further planning to 
enhance utility resilience.  

The built environment and energy systems are likely to face more risks from extreme 
weather events as their frequency and duration increase. This makes it even more important 
to prioritize the resilience of buildings; resilient buildings can enable people to remain safely 
in their homes and critical facilities for longer during extreme temperature events, 
hurricanes, and accompanying outages. Where evacuation is not required during a wildfire, 
resilient buildings can improve occupant comfort and protect the elderly, medically 
compromised, and low-income populations—all of whom may not have adequate 
transportation or resources—from heat and poor air quality. The resilience of buildings to a 
range of these extreme events can be enhanced through energy efficiency measures. 

Previous ACEEE research has explored energy efficiency’s broader benefits and the capacity 
of building energy efficiency measures to enhance resilience (Baatz 2015; Nadel, Elliott, and 

 

 

2 The number of weather-related disturbances in the United States has grown; in the past two decades the United 
States experienced 265 weather and climate disasters contributing to upward of $1 billion in damages (NCEI 
2022). Losses from extreme events often include health impacts, deaths, property damage, and production losses. 
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Langer 2015; Ribeiro et al. 2015; and York, Baatz, and Ribeiro 2016, York and Jarrah 2020). 
This report builds on past ACEEE research and focuses on valuing the resilience benefits 
from utility energy efficiency programs to show benefits beyond energy savings and 
decarbonization. The primary audience is utilities, including program administrators and 
evaluators, and state regulators. As methods to value resilience are emerging and not in 
common practice, we examine existing approaches and offer recommendations to value the 
resilience benefits from building energy efficiency to help inform program screening and 
selection processes. This report identifies resilience benefits and the building technologies 
that enhance them, highlights approaches to valuing resilience benefits, and then presents 
recommendations for utilities and other stakeholders to value resilience in their plans. Our 
goal is to encourage greater investments in energy resources and demand-side measures.  

ROLE OF UTILITY PROGRAMS IN ENHANCING RESILIENCE 
Utility retrofit programs are a key strategy to help communities mitigate and adapt to the 
impacts of extreme events and outages. Improving the efficiency of existing buildings 
through utility retrofit programs can offer safer indoor conditions, help maintain comfort 
during outages, and support the grid by lowering the power demand during peak capacity 
periods to avoid blackouts. For example, utility programs promoting envelope retrofit 
measures like air sealing and wall insulation can prolong comfortable indoor conditions 
during a power outage and help the building rebound from an event. Further details on how 
building energy efficiency technologies enhance resilience are provided later in the report. 

Utility discourse on resilience typically centers around providing a reliable energy supply, 
reducing disruptions and outages, or restoring electric service to customers.3 Past research 
shows that building energy efficiency and load management programs offer building energy 
resilience benefits by reducing system and peak demand when electric power systems are 
under stress, and better protect residents if power goes out (York, Cohn, and Kushler 2020; 
Relf, York, and Kushler 2018). However, utilities undervalue the resilience benefits that result 
from energy efficiency programs.  

Incorporating resilience benefits into utility program cost-effectiveness analysis can help 
utilities, regulators, and other stakeholders understand the value of resilience, prioritize 
resilience benefits alongside other types of benefits, and make informed decisions regarding 
investments in demand-side resources that enhance resilience according to costs and the 
priority they place on those benefits. Resilience investments can also benefit the utilities’ 

 

 

3 Utilities evaluate reliability through customer surveys, and the metrics of system average interruption frequency 
(SAIFI) and customer average interruption duration (CAIDI), which measure the average number of outages 
experienced by a customer and the average length of time for service restoration, respectively (Laura Capps, 
Manager, Emerging Opportunities, pers. Comm., November 14, 2023). 
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bottom line by helping effectively manage building loads and increase system reliability, 
reducing operational and business risks, and meeting climate commitments (York, Baatz, and 
Ribeiro 2016).   

Research Methodology 
Our literature review was a starting point for understanding resilience planning and framing 
what resilience means within the built environment. The review helped define the resulting 
benefits and the ability to mitigate and adapt, and outline how co-benefits are valued in  
evaluations. We then reviewed past ACEEE reports and other industry reports (e.g., the Urban 
Land Institute (ULI)’s Resilient Retrofits: Climate Upgrades for Existing Buildings, and 
Department of Energy (DOE)’s resilience resources) to classify the relevant technologies that 
enhance resilience during natural disasters and climate-related events. We also reviewed a 
sample of publicly available project and utility program cost-effectiveness reports to 
understand how resilience is valued in cost-benefit evaluations. 

We interviewed eight utility program administrators and four program evaluators who 
engage in utility energy efficiency program planning and implementation, and four entities 
that work with states and jurisdictions to advance energy efficiency, who are now prioritizing 
resilience planning in programs. These interviews yielded information on technologies that 
enhance building energy resilience and the valuation approaches to capture the resilience 
benefits, challenges in valuing resilience, and regulatory support needed to help include 
resilience benefits in planning processes and improve cost effectiveness. 

Defining Building Energy Resilience  
Several definitions for resilience in the electricity sector have emerged in the past decade, 
focusing on enhancing infrastructure systems to adapt, withstand, and recover from events 
(see appendix A). The Federal Energy Regulatory Commission (FERC) and the National 
Governors Association (NGA)/National Association of State Energy Officials (NASEO) use 
definitions that center the need to withstand disasters better and mitigate impacts. FERC 
defines resilience as “the ability to withstand and reduce the magnitude and/or duration of 
disruptive events, which includes the capability to anticipate, absorb, adapt to, and/or rapidly 
recover from such an event”(FERC 2018). NGA/NASEO (2021) describe resilience as “the 
ability to withstand disasters better, respond effectively, and recover more quickly and to a 
more improved state.” In practice, definitions of resilience vary from one context to another; 
however, resilience generally refers to the ability to maintain critical operations through 
major disruptive events.  

The literature on resilience primarily falls under two distinct categories—energy system and 
community resilience (see figure 1). Energy system resilience includes enhancing the grid 
infrastructure to provide affordable and reliable energy supply, and limit disruptions and 
outages or volatility of those services (York, Baatz, and Ribeiro 2016). Improving energy 
system resilience is important because of its interaction with buildings and other systems 
such as transportation, water and food, medical, and communications. It can be enhanced 

https://knowledge.uli.org/-/media/files/research-reports/2022/resilient-retrofits-climate-upgrades-for-existing-buildings.pdf?rev=36e6e8d45f0e452a868fa3855431f0e0&hash=45C38A1E9B8BA9D74A2B7632E066D16E
https://betterbuildingssolutioncenter.energy.gov/resilience/about
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through improvements in four areas: generation, transmission, distribution, and utility 
customer programs (EPRI 2016; ODOE 2019). This report does not cover the generation, 
transmission, and distribution actions; it focuses on utility customer programs including 
demand-side management measures that enhance building energy resilience. 

The other area of resilience is community resilience, which we define as a community’s 
reduction of and preparation for risk. Previous ACEEE research has looked at community 
resilience in detail, identifying how energy efficiency measures can enable communities to 
better respond to emergencies, result in positive social and economic impacts, and enhance 
climate change mitigation and adaptation efforts (Ribeiro et al. 2015). Community resilience 
encompasses efficient transportation, green infrastructure, and land use planning in addition 
to resilient buildings. As climate events often disproportionately impact underserved 
communities, increased consideration of resilience benefits in utility programs can help 
prioritize and deliver energy efficiency retrofits to underserved communities.  

While resilience has many facets, we focus this paper on building energy resilience, which 
lies at the intersection of energy system and community resilience. We acknowledge that 
building resilience may also encompass structural durability and physical ability to last, but 
this paper pertains only to the energy-related aspects of building resilience. Building energy 
resilience can be enhanced through utility energy efficiency programs which bring about 
benefits to program participants, utilities, and broader society; they should be valued in 
program evaluations.  

Within this paper, we are focused on valuing building energy resilience, including how it  

• enables occupants to maintain operations and shelter in place during extreme events 
and subsequent outages, recover from the events, and avoid the negative impacts. 

• improves operational performance before, during, and after an event. 

• enhances comfort and improves occupant safety before, during, and after an event 
and outage. 

• supports and enhances system recovery after an outage. 
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Figure 1. Resilience planning includes enhancing energy system and community resilience 

Building Energy Resilience and Resulting Benefits 
Enhanced building energy resilience yields a range of benefits to building owners, utilities, 
and wider communities, as outlined in table 1. Utilities benefit from building energy 
resilience due to a lower risk of grid overload, better balance of power demand and supply, 
and enhanced system recovery and emergency response from distributed generation when 
used as a demand response or demand flexibility resource. Passive survivability could be a 
potential benefit if the utility has liability or lost profit from customer harm or loss due to an 
outage and power quality incident. Building owners, developers, and occupants can benefit 
from increased health and safety, increased ability to shelter in place, and financial benefits 
such as enhanced asset value, revenue from demand response participation, and lower 
exposure to price spikes. At the community level, resilient buildings can enhance emergency 
response and decrease the need for relocation of people during an event.   
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Table 1. Resilience benefits mapped to different stakeholders 

 

 
 
This report mainly discusses the building energy resilience benefits of  

• enhanced energy performance,  

• passive survivability, and  

• system recovery. 
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Investing in energy efficiency measures along with load flexibility technologies can enhance 
a building’s energy performance to reduce costs, help manage building loads, enable peak 
demand reduction, and support time-of-use rate arbitrage. Pre-outage, the combination of 
measures can assist with flattening the more flexible building energy load profile and 
respond to utility price signals to reduce costs and enhance energy resilience for both the 
building and the utility. When buildings operate off the grid during an outage in “islanded 
mode” using backup power, the combination of energy efficiency and demand flexibility 
technologies can enable longer operation and support more orderly restoration of services.  

Passive survivability is defined as the ability to maintain safe and healthy indoor thermal 
conditions during extended loss of heating, ventilation, and air-conditioning (HVAC) system 
operation or power outages, and is a growing benefit due to more frequent extreme 
weather events in conjunction with power outages (DOE 2023b). Increased passive 
protection can allow building occupants to shelter in place during a disruptive event while 
offering secondary benefits such as improved comfort, safety, and health. 

System recovery as discussed in the National Infrastructure Advisory Council report (2009) is 
a system’s capacity to recover rapidly and cost effectively from a power interruption. For 
example, backup power from solar and battery storage can improve the resilience of a 
building and allow it to recover more quickly from outages.   

Building Demand-Side Management Strategies  
Enhanced building energy resilience offers a range of benefits to stakeholders in the face of 
increasingly frequent events such as extreme temperatures, wildfires, hurricanes, and winter 
storms. Energy-efficient building technologies are a critical means to achieve those benefits. 
Because the primary audience for this report is utilities, including program administrators 
and evaluators, and state regulators, we focus on demand-side strategies that can enhance 
building energy resilience. These include building envelope measures (e.g., insulation) in 
conjunction with grid-interactive smart building controls (e.g., building automation systems), 
connected devices that optimize performance and increase the ability of a building to retain 
safe conditions during extreme weather events, and distributed generation and storage. 
Though not a focus of this report, various other strategies can be used to increase structural 
resilience of buildings such as the use of impact-rated windows and doors.  

In situations with unreliable or lost power, whole-building energy efficiency measures such 
as air sealing and weatherization measures are likely to bring health and safety benefits to 
occupants and enable them to shelter in place for longer if such disruptions occur during 
periods of either very high or low ambient temperatures. It is critical to implement building 
weatherization measures such as wall and roof insulation before installing any advanced 
controls and smart equipment to maximize the resilience benefits. For example, weatherizing 
the building before investing in advanced HVAC controls or connected heat pumps can 
lower energy demand, increase comfort and the duration in which occupants can shelter in 
place, and reduce the size of the HVAC system needed. Table 2 lists the building 
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technologies, the climate threats it can provide resilience against, and the key resilience 
benefits.  

Table 2. Classification of building technologies and how they enhance resilience  

Building technologies Resilience benefits* Climate threats* 

Envelope and whole building strategies - 
air sealing, wall and attic insulation, 
daylighting, cool roofs, efficient 
windows, window attachments, and 
ventilation  

Enhanced energy 
performance, passive 
survivability  

Wildfires, extreme 
temperatures, 
storms 

Smart building controls - Building 
automation system (BAS), commercial 
and residential building lighting and 
HVAC controls, advanced metering 
infrastructure (AMI) 

Enhanced energy 
performance and system 
recovery (service restoration) 

Extreme 
temperatures, 
storms, wildfires  

Connected devices and equipment - 
connected lighting, smart connected 
heat pumps and heat pump water 
heaters 

Enhanced energy 
performance and system 
recovery  

Extreme 
temperatures, 
storms, wildfires  

Distributed generation and storage – 
Customer-sited renewable generation, 
such as solar, solar plus battery storage, 
thermal energy storage, combined heat 
and power, microgrids 

Passive survivability (energy 
for certain uses such as 
health equipment, 
refrigerated medications, and 
telecommunications), and 
system recovery  

Storms, extreme 
temperature, 
wildfires, floods, 
hurricanes, 
tornadoes 

*List of detailed references in the appendix 

ENVELOPE AND WHOLE BUILDING STRATEGIES 
Improvements in a building’s exterior wall and roof insulation and air sealing can enhance 
energy resilience, increase occupant safety, and improve comfort in extreme temperatures, 
storms, heatwaves, and wildfires especially if fire-resistant insulation materials are used. 
Well-insulated building shells can improve occupant survivability by maintaining livable 
indoor conditions for longer periods after an outage, enabling people to live through events 
that otherwise can severely harm or kill them (ULI 2022; Rajkovich et al. 2018). Regulating 
the building airflow through air sealing can also offer protection against mold, pests, and 
drafts. Another envelope strategy is the use of cool roofs, which have high albedo and allow 
buildings to reflect heat, enhancing the resilience of buildings to extreme high temperatures 
(Rajkovich et al. 2018; ULI 2022).  
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Additionally, the use of more efficient windows such as multipane tempered glass windows 
can improve resistance to heat from extreme temperatures, as well as increase the energy 
efficiency of the building (ULI 2022). Using operable windows for natural ventilation can also 
help maintain indoor temperatures in some climates and events (ULI 2022). Window 
attachments, including blinds, shades, and storm windows, can reduce the energy required 
to heat and cool a building by keeping heat from entering the building and better 
maintaining indoor temperatures. These strategies can help increase passive survivability and 
the ability to shelter in place (ACEEE 2019).  

However, as the building becomes more airtight it requires whole-building mechanical 
ventilation systems such as energy recovery ventilation (ERV) systems and high-efficiency 
dedicated outside air systems for effective ventilation. ERVs reduce the energy required for 
cooling a building and can enable occupants to shelter in place for longer under extreme 
temperatures (ULI 2022; Rajkovich et al. 2018). Mechanical systems typically enhance 
resilience only when the building has power.  

It is important to consider potential impacts of designing measures for specific building 
types and locations. For example, in airtight residential buildings, humidity can build up if 
effective whole-house ventilation systems are lacking, which may limit the passive 
survivability benefits. Operable windows in such buildings can be important for supporting 
habitable indoor conditions. High R-value insulation materials in airtight buildings may also 
increase the flammability risk (Specian et al. 2020).  

SMART BUILDING CONTROL SYSTEMS 
Advanced commercial building control systems and smart commercial and residential 
lighting and HVAC systems connected with the grid can enhance both building energy 
performance and grid operation. Prior to an outage caused by a disruptive event, these 
technologies can enable load flexibility, helping utilities manage loads to prevent outages. 
When combined with energy efficiency measures and renewables in a grid-interactive 
energy-efficient building, smart controls can more accurately manage indoor thermal 
comfort and environmental quality. This helps improve the building’s response to 
emergency conditions, and shift loads and operate a building in energy-saving mode when 
the electricity grid is under stress (Cox et al. 2017).  

The demand flexibility enabled by such technologies also can yield cost savings to utilities 
and system operators by avoiding or reducing the need to acquire high-cost power supplies 
during times when wholesale power markets are constrained and associated prices are high. 
Advanced metering infrastructure (AMI) is an enabling system of technologies that enables 
two-way communication between utilities and customers. It can help a building to 
communicate with the grid, facilitate demand flexibility, and integrate DERs, thus helping the 
building retain power for longer and better withstand extreme events (Specian et al. 2020). 
After an outage occurs, smart building technologies can also allow longer operation on 
backup power and provide a softer start to system restoration (ULI 2022; Silverstein, 
Gramlich, and Goggin 2018).  
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CONNECTED DEVICES AND EQUIPMENT 
Like advanced controls, connected devices increase building energy resilience and require 
grid connection to maximize the benefits. Connected heat pumps and heat pump water 
heaters reduce a building’s energy usage and greenhouse gas emissions, while improving 
temperature regulation and comfort under extreme temperatures (ULI 2022). In some 
locations, ground-source heat pumps also enhance buildings’ resilience to storms (Specian 
et al. 2020). These systems will likely be needed more in the future to complement the 
whole-building strategies as the frequency of extreme temperatures increases. 

DISTRIBUTED GENERATION AND STORAGE  
In addition to enhancing building performance, building technologies may also increase 
building energy resilience by strengthening system recovery abilities. Storms, extreme 
temperatures, wildfires, and floods may all cause power outages. In these events, backup 
power can equip a building to recover more quickly and efficiently and maintain safe 
conditions for critical facilities (Tyson and Nanavatty 2020; ULI 2022). Solar plus battery 
storage provides a renewable and resilient source of backup power. Thermal energy storage 
can also be used to provide backup power during outages (Rajkovich et al. 2018). Further, 
combined heat and power (CHP) systems provide resilience benefits through enhancing 
system recovery and reducing the duration of outages by locating energy generation close 
to the point of consumption (Chittum and Relf 2018).  

Valuing Resilience Benefits in Utility Programs 
Utilities already offer building energy efficiency and load management programs, with 
technologies discussed in the previous section. These programs and efficiency measures 
reduce demand and increase the reliability of the energy system. There are even examples of 
targeted energy efficiency programs that help address reliability concerns and offer 
resilience benefits through reduced peak demand in a specific geographic location. For 
example, Consolidated Edison of New York (Con Edison)’s Brooklyn/Queens Demand 
Management Program used demand-side solutions such as energy efficiency to meet 
electricity demand and defer the need for costly infrastructure investments. Even though 
there are multiple benefits from utility demand-side programs beyond energy savings, 
utilities often fail to include or undervalue many of the benefits attributable to enhanced 
resilience that accrue to utilities, program participants, and society (York, Cohn, and Kushler 
2020; Relf, York, and Kushler 2018).   

Our research found that only a handful of utilities have started to consider resilience benefits 
in their energy efficiency and resource conservation plans to help inform program screening 
and selection processes. One approach is for utilities to qualitatively link energy efficiency 
programs to enhanced building energy resilience in their program outreach and marketing 
materials. There are also some examples of quantitative approaches for valuing resilience 
benefits at the individual building project level and at the utility program evaluation scale to 
capture the risk-reduction benefit from increased system reliability and grid resilience. Figure 
2 describes qualitative and quantitative approaches to valuing resilience benefits, with 
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details on their use in utility program outreach and marketing materials and improving 
project and program decision-making processes, respectively. 

 
Figure 2. Different valuation approaches for quantifying resilience benefits. NSPM-National Standard Practice 
Manual for DER is a framework for cost-effectiveness assessment. 

VALUING PROGRAM CO-BENEFITS QUALITATIVELY  
Few utilities qualitatively identify resilience benefits from their programs. This approach is 
illustrated mostly in program outreach and marketing materials to make customers aware of 
the building measures that enhance resilience and limit the impact of power outages. For 
example, Efficiency Vermont’s outreach materials highlight how its energy efficiency 
offerings can enhance resilience to floods and other extreme events. Efficiency Vermont 
identifies the passive survivability benefits of insulation and air sealing, the benefits of cold-
climate heat pumps which do not require basement components and can therefore increase 
resilience to floods, and the benefits of solar plus battery storage systems for reducing 
demand on the grid and improving building energy resilience (Efficiency Vermont 2023). 

Additionally, Pacific Gas and Electric Company (PG&E) describes the resilience benefits from 
their Microgrid Incentive Program to critical facilities in communities vulnerable to wildfire 
and outages in the program’s outreach and marketing materials. PG&E’s Microgrid Incentive 
Program will begin in 2024 and offer technical and financial support to communities in 
developing a microgrid that can serve critical facilities like hospitals, police stations, and fire 
stations (PG&E 2023a).  

https://www.pge.com/en/save-energy-and-money/rebates-and-incentives/community-microgrids.html#tabs-4fb119b8f0-item-711304528b-tab
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Similarly, the outreach materials for Commonwealth Edison Company (ComEd)’s battery 
energy storage system (BESS) solution highlights how the program can improve resiliency 
for customers in Northern Illinois. The program press release states that BESS will help 
identify whether localized storage solutions can improve reliability and resiliency and limit 
the length and frequency of power outages in remote, difficult to access locations on the 
grid (ComEd 2022).  

QUANTITATIVE APPROACHES TO VALUING RESILIENCE 
The process for valuing resilience quantitatively is still in nascent stages. There is no single 
metric that measures and captures all the benefits from enhancing building resilience (Leddy 
et al. 2023).4 There are some quantitative approaches for valuing resilience benefits in cost-
benefit analysis at the individual building system level and at the utility program evaluation 
scale. These capture the risk-reduction benefit from increased system reliability and grid 
resilience. 

PROJECT-LEVEL COST-BENEFIT ANALYSIS  
Utilities and building owners can both benefit from valuing building energy resilience at the 
project level. Quantifying the resilience benefits of energy efficiency measures can help 
utilities with the program screening process and increase investments in demand-side 
management programs. This information can also be included in program outreach and 
marketing materials to make building owners aware and increase customer participation. 
Building owners and planners can benefit from the additional information and encourage 
them to invest more in efficiency upgrades that enhance resilience.  

Project-level valuation approaches can vary in complexity. Such approaches include simple 
economic analysis with NPV calculations, tracking specific resilience-related metrics in 
projects, and employing more sophisticated simulation approaches.   

SIMPLE COST-BENEFIT ANALYSIS 
Currently, there is no established guidance or standardized method for determining the 
return on investments made in energy resilience systems. An economic analysis with simple 
variables can help assess cost effectiveness at the project level and enable system owners to 
understand which systems are suited for meeting energy system resilience goals. Examples 
of this approach can include return on investment (ROI) and NPV calculations, internal rate 
of return (IRR), savings-to-investment ratio (SIR), and simple payback calculations based on 
the time value of money that incorporate the resilience infrastructure benefits. 

 

 

4 Leddy et al. (2023) categorize resilience metrics as either attribute based or performance based. Attribute-based 
metrics describe the properties or characteristics of a resilient system. Performance-based metrics inform 
resilience investment decisions and capture the effects of a disruptive event (Anderson et al. 2021). 

https://www.comed.com/News/Pages/NewsReleases/2022-11-28.aspx
https://www.comed.com/News/Pages/NewsReleases/2022-11-28.aspx
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Efficiency Vermont is exploring this analytical approach to complete system-level cost 
effectiveness and developing guidance on calculating the costs and revenue streams for 
NPV calculations for a combination of energy resilience infrastructure. Table 3 provides 
details on the variables Efficiency Vermont considers for deriving costs, savings, and revenue 
streams for completing their system level cost-benefit NPV calculations. 

Table 3. Method for deriving costs, savings, and revenue in NPV calculations  

Building resilience 
impacts Metrics 

Costs  Expenditures consist of initial capital costs for implementing energy 
efficiency upgrade package including all purchases and labor costs, 
operating costs including service contracts and personnel skills needed, 
annual maintenance costs, and costs associated with losses due to power 
failure. 

Savings and revenue 
streams 

Energy and operational cost savings and revenue streams from grid 
services the energy assets can provide such net metering savings on 
utility bills, utility program incentives such as demand response and 
frequency regulation. 

Savings accrued based on utility bill savings, value of utility programs in 
exchange for services an owner is willing to provide to the grid using the 
resilience infrastructure, ancillary cost savings from cost reduction onsite, 
and the value of lost load estimates to cover costs owner incurs to 
respond and recover from an outage. 

Source: Ross 2021 
 
Another example is the Federal Energy Management Program’s (FEMP)’s Customer Damage 
Function (CTF) calculator, a tool for calculating avoided costs associated with resilience 
investments. The tool is targeted toward facility owners and resilience planners to aid in 
determining the cost of an outage for their facility in dollars per kilowatt of outages costs, 
which includes fixed costs, spoilage costs, and incremental costs (FEMP 2023). These cost 
estimations can inform a facility owner’s cost-benefit analyses for resilience investments. 

TRACKING DISCRETE METRICS IN VOLUNTARY PROGRAMS 
The U.S. Green Building Council (USGBC)'s Leadership in Energy and Environmental Design 
(LEED), as part of their voluntary certification program, offers a pilot credit titled Passive 
Survivability and Backup Power During Disruptions. The credit links energy-efficient 
buildings to resilience and life-safety and encourages passive design strategies for buildings 
to keep occupants safe and “provide a reasonable level of functionality during power 
outages or loss of heating fuel” (USGBC 2022).  
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There are two paths of compliance. Option 1 requires teams to demonstrate that buildings 
will maintain safe thermal conditions in the event of an extended outage or the loss of 
heating fuel. Option 2 entails project teams proving that adequate emergency power will be 
available to provide for critical loads identified by the design team. The critical loads differ 
by the project. 

Option 1 requires project teams to demonstrate through thermal modeling or Passive House 
certification that a building will passively maintain thermally safe conditions during an 
extended power outage that lasts four days during peak summer and winter conditions. 
Teams may achieve the required performance through a combination of design measures 
including a highly insulated building envelope, natural ventilation, avoiding cooling-load, 
passive solar heating, and integrating thermal mass. Table 4 details the three thermal safety 
compliance pathways and metrics. 

Table 4. LEED Option 1 – passive survivability (thermal safety) credit requirements  

Description  Metrics 

Path 1: Psychrometry 

Using the Center for the Built Environment (CBE) 
Comfort Tool’s psychrometric chart, demonstrate 
that indoor conditions (dry-bulb air temperature 
and humidity) never breach the specified 
overheating and under-heating thresholds, 
during the peak summer and winter analysis 
periods. 

Heat Index (U.S. National Oceanic and 
Atmosphere Administration and 
Occupational Safety and Health 
Administration Heat Advisory Levels) 

Wet bulb globe temperature 

Path 2: Standard effective temperature (SET) 

Limit deviations from the defined livable SET 
thresholds to the specified number of degree-
days (degree-hours) during the peak summer 
and winter analysis periods. 

SET factors in relative humidity and mean 
radiant temperature and is a more relevant 
metric than dry-bulb temperature for 
defining livable conditions in buildings that 
lose power or fuel for space-conditioning 
systems. 

Path 3: Passive House certification  

Using either Passive House Institute U.S. (PHIUS) 
or Passive House Institute standards and 
methodologies, confirm the project has earned 
the relevant Passive House certification AND 

Energy performance with Passive House 
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Description  Metrics 

includes operable windows or other means of 
natural ventilation.  
Source: USGBC 2022 
 
Option 2 requires project teams to demonstrate that adequate emergency power is available 
to provide for critical loads that the team has identified as being necessary for the building. 
To achieve this credit there are two compliance paths, each with specific metrics and 
outcomes. The first compliance path includes meeting the thermal safety criteria of Option 1, 
using backup power or a combination of backup power and passive strategies. While the 
second compliance path requires providing electricity for at least three or more of the power 
demand categories (USGBC 2022). The backup power time durations for thermal safety 
and/or critical functions are also identified in the credit description.  

Beyond LEED, there are other valuation approaches that the utilities can leverage to value 
building energy resilience benefits. The New Buildings Institute, as part of their GridOptimal 
Initiative, has identified metrics for tracking resilience benefits from grid-interactive efficient 
buildings at the building and the grid level. The metric for evaluating building resiliency is 
the building’s ability to safely island itself from the electricity grid and/or provide critical 
loads for four to 24 hours during an outage. The grid-level resiliency is valued by the ability 
of the building to help restart grid operations after an outage (Miller and Carbonnier 2020).   

SIMULATION AND RISK ASSESSMENT  
The DOE Building Technologies Office (BTO) supported an effort to deploy energy efficiency 
to enable energy resilience. As part of the research, an assessment approach for quantifying 
the resilience benefits of energy efficiency and a set of evaluation metrics were established 
and recently published (Franconi et al. 2023). The approach makes the case for high-
performance buildings beyond energy conservation, reduced annual operating energy costs, 
and the associated greenhouse gas emissions, highlighting the safety and passive 
survivability benefits for occupants.  

The procedure includes four steps: 1) assessing the risk of extreme hazard, 2) exposure of 
occupant during events, 3) the vulnerability and damage assessment of assets and 
occupants, and 4) the benefits and costs associated with mitigation. The resilience benefits 
captured in the simulation and subsequent risk assessment analysis include shelter-in-place 
capability, occupant damage, property damage, and the associated monetary benefits and 
costs. The report includes evaluation of the resilience benefits for two residential building 
types, single-family homes and multifamily apartment buildings, for six U.S. cities in three 
regions. Table 5 includes the metrics used for valuing building resilience benefits.   
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Table 5. Resilience metrics and indicators used to measure the values  

Building resilience benefits Metrics 

Passive survivability (ability to 
shelter in place) 

Standard effective temperature (SET), a comfort indicator 
that considers indoor dry-bulb temperature, relative 
humidity, mean surface radiant temperature, air velocity, and 
the activity rate and clothing levels of occupants. SET values 
between 54° F and 86° F represent livable conditions, 
whereas a cumulative value of SET degrees outside the 
threshold, that exceed 216 over a seven-day period indicate 
uninhabitable conditions. 

Occupant and property damage  Property damage risk and the associated annualized damage 
and costs estimated using historic data published by the 
Federal Emergency Management Agency (2021). The data 
include the impact of extreme temperatures on occupant 
health and well-being by estimating relative rate, excess 
mortality, and associated loss-of-life monetary value. 

Investment cost effectiveness 
(benefit-cost analysis) 

Benefit-cost ratio (BCR) includes the benefits of efficiency 
achievable through meeting and exceeding energy code 
provisions. 

Source: Franconi et al. 2023 

UTILITY COST-BASED VALUATION  
Existing utility valuation approaches such as avoided costs and value of lost load (VOLL) can 
be used to value resilience benefits (Apex Analytics 2023). Cost-based valuation relies on 
building energy analysis and estimation of avoided cost of energy delivered during a 
building resilience event. The building energy analysis helps to estimate the annual resilience 
energy savings associated with an energy-efficient measure (in kWh) relative to a baseline 
system. Avoided cost is one of the ways for estimating the resilience value during that event 
(expressed in $/kWh). 

Avoided Costs 
The resilience value can be estimated using the concept of avoided costs of electricity. 
Avoided cost is defined as “the costs of those electricity and gas resources (e.g., generation, 
transmission, and distribution system infrastructure) that are deferred or avoided by the 
DERs being evaluated for cost-effectiveness” (NESP 2020). There are many approaches for 
determining avoided costs. For example, in the case of a weather event and an 
accompanying power outage, avoided costs can include the avoided cost of supplying 
backup electricity and the lower cost from installing smaller backup power due to 
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investment in energy-efficient measures. Other methodologies include the avoided cost of a 
new combined-cycle gas generation plant, the avoided cost of capacity using a regional 
capacity rate, and avoided delivered fuel costs.  

In 2023 Apex Analytics completed an energy efficiency resilience valuation methodology 
study for the Northwest Power and Conservation Council to help investigate potential 
methods to quantify the value of energy efficiency measures for building resilience. In the 
study, Apex Analytics use the avoided cost concept in their proposed methodology for 
valuing building resilience benefits. Their method involves identifying the resilience event 
and duration, estimating the energy savings from energy efficiency upgrades, and estimating 
the marginal costs and avoided costs as determined by savings from a backup power 
system. The resilience benefits are calculated using the steps in figure 3.  

 
Figure 3. Apex Analytics resiliency valuation method 

The formula below from Apex Analytics details the valuation approach that establishes a dollar per 
resilience impact value (Spencer, Lieb, and Gage 2022). For each event i, Event Resilience Value 𝑟𝑟𝑖𝑖𝑖𝑖 
(in $) for each measure m is calculated using 

𝑟𝑟𝑖𝑖𝑖𝑖 = 𝑒𝑒𝑖𝑖𝑖𝑖 ∗ 𝑣𝑣𝑖𝑖 

where 𝑒𝑒𝑖𝑖𝑖𝑖 is the measure energy impact (kWh) for each measure m during event i with 
respect to a baseline measure case and 𝑣𝑣𝑖𝑖 is the Resilience Energy Value ($/kWh) (Spencer, 
Lieb, and Gage 2022). The Resilience Energy Value can vary across events due to the 
differences in the impacts on occupants and requires collection of extensive data to estimate 
the values. For whole-building weatherization measures, their analysis yielded a resilience 
value of 1–3 cents/kWh (Apex Analytics 2023). 

Utilities can use the avoided cost approach to value resilience benefits from their programs. 
Georgia Power’s Distributed Energy Resources (DER) Customer Program offers commercial 
and industrial customers resilience technologies located on their properties. Through the 
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program, Georgia Power installs company-owned and operated diesel or natural gas 
generators and energy storage systems that act as backup resources for customers (Georgia 
Power 2023). The program was created under a Resilience-as-a-Service (RaaS) model, 
allowing customers to participate in a Resiliency Asset Service (RAS) tariff and pay a monthly 
fixed cost for the resilience service, as well as participate in a Demand Response Credit (DRC) 
and receive a monthly fixed credit. The backup resources of customers participating in the 
DRC can be used by Georgia Power in extreme events under the RAS tariff program. As 
demand response lowers the overall peak capacity Georgia Power is required to meet, 
participating customers receive a credit based on the NPV of future avoided capacity costs.  

Value of Lost Load (VOLL) 
VOLL is the most common metric for valuing resilience in power-outage studies and includes 
loss of assets, business interruption costs, and recovery costs (PNNL 2022). It is measured in 
dollar per kilowatt-hour for load not served. The estimates of VOLL for power outages can 
be determined using utility-collected national outage survey data or through a willingness-
to-pay (WTP) survey method, where customers identify the value they are willing to pay to 
avoid power outages (Lieb et al. 2022).  

As most VOLL estimates exist for short duration outages, it is a more applicable measure of 
the value of reliability than of the value of resilience and is factored into investment 
decisions related to generation and transmission assets. For example, in 2021 Synapse 
Energy Economics conducted an avoided cost study for New England and estimated a value 
of 0.01 cents/kWh for reliability benefits (Lieb et al. 2022).  

UTILITY PROGRAM COST-EFFECTIVENESS EVALUATIONS  
The approaches to utility program cost-effectiveness testing vary by state. Out of the five 
basic cost-effectiveness tests used for energy efficiency programs and measures, the societal 
cost test is the only test that includes non-energy benefits (NEEP 2021).5 This test may 
enable utilities to account for the resilience benefits in cost-effectiveness evaluation. For 
example, New York uses the societal cost test and considers resilience as a non-monetized 
benefit. In New York State, benefit-cost evaluation considers two reliability and resilience 
metrics of net avoided restoration costs and net avoided outage costs (New York PUC 2016).  

Additionally, Rhode Island’s benefit-cost framework includes a benefit of “distribution 
system and customer reliability/resilience impacts,” with the associated drivers of outage 
costs and value of uninterrupted service, impacts of outage probability, and costs of 
distribution improvements and microgrids (Rhode Island PUC 2017). National Grid, in its 
Annual Energy Efficiency Plan for 2022, quantified the resilience benefit using a value of 

 

 

5 The five cost-effectiveness tests used are participant cost test, program administrator cost test, ratepayer impact 
measure, total resource cost test, and societal cost test. 
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improved reliability, informed by a regional avoided cost study, noting the value of resilience 
is applicable to both energy efficiency and demand response measures (National Grid 2021). 

In recent cases, the inclusion of resilience in cost-effectiveness tests has been guided by the 
National Standard Practice Manual for Benefit-Cost Analysis of Distributed Energy Resources 
(NSPM for DERs). NSPM for DERs is a framework for cost-effectiveness assessment of DERs 
(NESP 2020). It is designed for use by jurisdictions to help inform which resources meet 
specific goals and objectives, such as expanding energy efficiency and demand response 
plans, strategies, and programs; achieving electrification goals and other environmental and 
carbon emissions objectives; evaluating and planning for non-wires/pipes solutions; or 
accounting for other benefits such as resilience (NESP 2020). Table 6 highlights a list of 
resilience metrics included in the companion guide to the NSPM. 

Table 6. DOE resilience metrics recreated from Institute of Electrical and Electronics 
Engineers (IEEE) 2021  

Impact Consequence category Resilience metrics 

Direct 

 

Electric service Cumulative customer-hours of outages 

Cumulative customer energy demand not served 

Average number (or percentage) of customers 
experiencing an outage during a specified time 

Critical electrical service Cumulative customer-hours of outages 

Cumulative customer energy demand not served 

Average number (or percentage) of critical loads that 
experience an outage  

Restoration Time to recovery 

Cost of recovery 

Monetary Loss of utility revenue 

Cost of grid damages (e.g., repair or replace lines, 
transformers) 

Cost of recovery 

Avoided outage cost 

Indirect Community function Critical services without power (e.g., hospitals) 

Monetary Loss of assets and perishables 

Business interruption costs 

Impact on the gross municipal product or gross 
regional products 
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Impact Consequence category Resilience metrics 

Other critical assets Key production facilities without power 

Key military facilities without power 
Source: NESP 2020 

There are examples of jurisdictions using the NSPM for DERs framework to consider 
resilience benefits in evaluations. The evaluations range from acknowledging the resilience 
benefits as an impact of programs, to quantitatively estimating the impacts. For example, to 
develop a new cost test for the 2024–2026 period, Minnesota’s Department of Commerce, 
which leads the effort to update the cost-effectiveness methodologies for Minnesota’s 
investor-owned-utilities followed the five-step process of the NSPM for DERs. One of the 
non-utility system impacts considered within the new Minnesota Cost Test (MCT) is 
resilience (Minnesota Department of Commerce 2023). Resilience is considered both a 
participant energy impact and a societal impact within the MCT. While resilience is included 
as an impact, the value of resilience is not yet quantified, as there is not yet an approved 
estimation methodology (Minnesota Department of Commerce 2023). Members of the 
committee developing the MCT noted that resilience was included in other utility system 
costs and recommended that it not be quantified specifically to avoid double-counting.  

The Maryland Jurisdiction-Specific Test (MJST) for cost effectiveness covers utility system 
impacts including avoided risks. For impacts that are difficult to quantify, the MJST uses 
proxy adders that approximate the impact (NESP 2022). It includes a proxy adder of 10% for 
a range of avoided risks (NESP 2022). Resilience impacts are covered by the proxy adder, as, 
in the process of developing the MJST, stakeholders were not aware of a methodology for 
assessing the benefits of resilience (Joe Loper, president, Loper Energy, pers. comm.).  

As approaches to valuing resilience and resilience metrics develop further, it may be possible 
to use them in performance-based regulations (PBR) to compensate utilities for the services 
they provide. Several public utility commissions and stakeholders are currently exploring PBR 
to balance the interests of customers and financial compensation for utilities, and address a 
variety of new priorities including clean energy or emissions-reduction goals, encouraging 
new technologies, improving peak-load management, or enhancing reliability and resilience 
(NARUC 2023). Performance incentive mechanisms (PIMs) and supporting metrics are a 
mechanism to align a utility’s revenues or earnings with performance related to social and 
environmental goals (Goldenberg et al. 2020). It may be possible and even desirable to track 
and report on resilience metrics as part of PIMs and PBR as they emerge and mature.  

Steps to Valuing Resilience in Programs 
Building energy resilience benefits are currently either undervalued or not included in 
program evaluations. Including proper valuation of resilience benefits can help make more 
energy efficiency measures cost effective, especially those with the greatest value of 
resilience benefits. Utilities, regulators, and other building stakeholders can take actions to 
value resilience and share their evaluation results with peers to enable more utilities to 
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include the full set of value streams in programmatic and regulatory approaches and inform 
their program screening and selection process. In the following section, we discuss the steps 
each group can take: 

UTILITY ACTIONS   
As resilience valuation is in a nascent stage, there are steps that 
utilities can take to begin to value resilience benefits. While utilities 
have been considering resilience from a grid system perspective, it is 
important to consider the link between resilience benefits and energy 
efficiency programs. Utilities can begin with identifying program co-
benefits of resilience related to energy efficiency technologies in 

existing programs, and qualitatively defining those benefits within marketing and outreach 
materials. While utilities such as PG&E and ComEd are currently including resilience benefits 
of system recovery in program outreach materials, there is an opportunity to consider the 
passive survivability benefits of energy efficiency measures. 

Additionally, utilities can use quantitative approaches to incorporate 
resilience benefits by valuing project-level co-benefits. Methods for 
valuing resilience at the project level include economic analysis, 
tracking metrics, and simulation and risk assessment. Utilities may use 
analytical approaches such as ROI as outlined by Efficiency Vermont 
or use specific metrics to measure passive survivability such as SET 
used in the BTO analysis. Metrics and evaluation methods can inform 

how to include resilience benefits in benefit-cost tests at the project level. 

At the program level, there are various steps utilities can take to 
quantify resilience benefits and advance their valuing within 
program evaluation. Following the NSPM for DERs process, utilities 
can recognize resilience as an impact, as Minnesota has done in the 
Minnesota Cost Test. If quantifying resilience as a benefit in cost-
effectiveness tests is challenging, utilities can use a proxy adder to 
capture an approximate value. The NSPM for DERs outlines standard 

metrics that utilities can use to work towards a specific valuation of resilience in cost-
effectiveness tests. By leveraging existing resources, utilities can better capture the resilience 
benefits that energy efficiency programs provide.  

REGULATORY OR PUBLIC UTILITY COMMISSION SUPPORT  
State utility regulators, city councils with oversight of public power utilities, and electric 
cooperative utilities’ boards of directors should recognize that building energy resilience 
yields important benefits and should be included in utility resource planning efforts. 
Establishing a common understanding and framework for valuing resilience in the regulatory 
community can help inform future investment decisions and aid prioritization of measures 
with the greatest benefit to customers. This will help ensure utilities reduce risk and respond 
to and recover from events quickly. It can also help build awareness among regulators, city 
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councils, program evaluators, and energy efficiency advocates on what is needed to value 
resilience and enable actions that support development of new approaches.  

The first step for the regulatory community is to engage stakeholders in soliciting input on 
how much of a priority resilience is for their jurisdictions and to determine the investment 
required, given that resilience investments in buildings can benefit other community and 
emergency management services. Further, it is important to standardize the metrics that can 
provide an easy way for regulators to monitor the resilience benefits. For example, Standard 
IEEE 1366-2012 has two customer-centric metrics—Customers Experiencing Long 
Interruption Durations (CELID) and Customers Experiencing Multiple Interruptions (CEMI) 
(Frick et al. 2021)—to capture the impacts from improving energy system resilience. At least 
10 U.S. states and several utilities have adopted CEMI reporting (Watts et al. 2020). By 
similarly standardizing valuation metrics for building energy resilience, utility regulators, city 
councils, and boards of cooperative utilities can help to reduce the burden of data collection 
and reporting and establish a consistent evaluation criterion that is easy to follow.  

STATE AND LOCAL GOVERNMENTS  
State and local governments play a critical role in responding to major events that may 
cause disruptions to the energy system as they have energy emergency planning and 
response responsibilities. As part of that effort, states can offer guidance to utilities to 
facilitate intentional resilience planning and evaluation of resilience strategies. Further, state 
energy offices, state resilience offices, and other state agencies can encourage the inclusion 
of building energy resilience measures in energy and emergency planning efforts as part of 
state energy security and state emergency management plans (NCSL 2023; Cramer et al. 
2021).  

Jurisdictions overseeing publicly owned utilities and boards of cooperative utilities can also 
help establish similar priorities and building energy resilience valuation methodologies. 
Jurisdictions can work with consultants and energy efficiency advocates to help utilities 
identify existing programs and new measures that can reduce demand and are of highest 
resilience value to enhance energy systems.  

State and local jurisdictions can work with utilities to support capacity building and advance 
resilience planning in communities. This partnership can help develop community resilience 
plans, implement and evaluate those plans, or build a network of local resilience hubs and 
microgrids.6 For example, the Maryland Energy Administration’s Resilient Maryland program 
offers grants to support communities in installing microgrids, resilient facility power systems, 

 

 

6 NREL’s Resilience Roadmap provides jurisdictions with guidance on resilience planning. The roadmap outlines 
steps for stakeholder engagement, strategy development, plan implementation, and evaluation. NREL offers 
examples of metrics that can be tracked, such as hours without power for critical facilities (NREL 2023). 
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and resilience hubs (MEA 2023). Similarly, PG&E’s Resilience Hubs program offers grants to 
communities to build a network of locations and resources that can bolster community 
resilience to extreme events (PG&E 2023b).  

STAKEHOLDER ENGAGEMENT   
Additionally, building owners and tenants and community organizations can play a critical 
role in indicating the benefits and value streams that are of most importance. Because 
communities have access to data that utilities often do not have access to, they can help to 
fill data gaps to inform retrofit programs in areas of high priority and improve valuation 
methodologies.  

Stakeholders can also help prioritize focus areas for resilience efforts in underserved 
communities using geographic and demographic information. Engaging stakeholders from 
the local government, energy utilities, and energy efficiency service providers can help 
prioritize measures and evaluate whether there are opportunities to make strategic 
investments to increase cities’ and municipalities’ resilience by increasing levels of energy 
efficiency and track relevant metrics for evaluation. 

Conclusions and Recommendations 
Given increasing risks of climate events and impacts on human populations, it is important 
to increase focus on enhancing building energy resilience. Many energy efficiency measures 
in existing utility programs increase resilience to climate events, with benefits such as 
enhanced energy performance, passive survivability, and system recovery, that accrue to 
utilities, building stakeholders, and wider communities. However, these benefits are often 
absent from valuation methodologies for energy efficiency programs, as our research found 
only a few utilities have begun to value resilience benefits and thus have underinvested in 
measures that would increase energy system resilience. 

Valuing resilience benefits can make more energy efficiency measures cost effective to the 
utilities operating programs, especially the technologies with the highest value of resilience 
benefits. The resilience benefits of energy efficiency can be valued both qualitatively and 
quantitatively. Qualitative valuation can be used to highlight the resilience benefits of energy 
efficiency for marketing materials. Quantitative valuation of resilience benefits can be 
incorporated into both project level and program level cost-effectiveness evaluations. At the 
project level, resilience can be valued through economic analysis, risk assessments, or by 
tracking metrics. At the program level, resilience can first be identified as a co-benefit for 
valuation and then be valued through an approximation such as a proxy adder where an 
exact value is not available, with the goal to comprehensively evaluate the benefits using a 
jurisdiction-specific test (JST) for cost effectiveness. Utilities and other stakeholders can use 
results in their resource decision-making processes to help encourage greater investment in 
demand-side measures that improve resilience of individual buildings, communities, and 
energy systems.  
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Utilities, regulatory agencies, and other stakeholders can also take actions to advance and 
expand the inclusion of resilience benefits in energy efficiency program valuation. Utilities 
can focus efforts on identifying resilience benefits from their programs and communicate 
that as part of their outreach materials. Furthermore, utilities can value resilience benefits at 
the program level to help prioritize measures that enhance resilience and inform decisions 
regarding program investments. Regulators can work to develop a standardized definition 
for resilience and support the development of methodologies for quantifying the resilience 
benefits. Other key partners like jurisdictions and advocates can help foster an enabling 
environment for resilience valuation practices.  

Even though resilience valuation is in an early stage in the utility space, there are steps that 
utilities have taken to begin valuing the resilience benefits. These early examples 
demonstrate increasing recognition and acceptance of the importance of valuing resilience 
benefits. However, more analysis is needed along with case studies and demonstrations of 
how utilities can implement resilience valuation. 

Valuation of resilience benefits in system planning, program design, and customer decision-
making is a key mechanism for making energy efficiency measures more cost-effective and 
encouraging investments in measures that enhance resilience and enable occupants to 
bounce back from an event. Through advancing and increasing the number of energy 
efficiency retrofits, we can improve the ability of buildings to withstand the threats of climate 
change and promote the health and safety of communities and underserved populations. 
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Appendix A: Resilience Definitions  
Table A1. List of resilience definitions  

Publishing entity Definition Source/Year 

NARUC “Robustness and recovery 
characteristics of utility 
infrastructure and operations, 
which avoid or minimize 
interruptions of service during 
an extraordinary and 
hazardous event.” 

Resilience in Regulated 
Utilities – Keogh and Cody 
2013 

Federal Energy Regulatory 
Commission (FERC) 

“The ability to withstand and 
reduce the magnitude and/or 
duration of disruptive events, 
which includes the capability 
to anticipate, absorb, adapt 
to, and/or rapidly recover 
from such an event.”  

Order 162 ¶ 61,012 – FERC 
2018 

Presidential Policy Directive 
Critical Infrastructure Security 
and Resilience (PPD) 

“The ability to prepare for and 
adapt to changing conditions 
and withstand and recover 
rapidly from disruptions. 
Resilience includes the ability 
to withstand and recover 
from deliberate attacks, 
accidents, or naturally 
occurring threats or 
incidents.”  

PPD-21: Critical Infrastructure 
Security and Resilience – 
Obama White House 2013 

National Renewable Energy 
Laboratory (NREL) 

“The ability to anticipate, 
prepare for, and adapt to 
changing conditions and 
withstand, respond to, and 
recover rapidly from 
disruptions through 
adaptable and holistic 
planning and technical 
solutions.”  

Resilience Roadmap: A 
Collaborative Approach to 
Multi-Jurisdictional Resilience 
Planning – Hotchkiss and 
Dane 2019 
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Publishing entity Definition Source/Year 

Electric Power Research 
Institute (EPRI) 

“In the context of the power 
system, resiliency includes the 
ability to harden the system 
against— and quickly recover 
from—high-impact, low-
frequency events.”  

Electric Power System 
Resiliency: Challenges and 
Opportunities 2016 

PJM Interconnection “Resilience, in the context of 
the bulk electric system, 
relates to preparing for, 
operating through, and 
recovering from a high-
impact, low-frequency event. 
Resilience is remaining 
reliable even during these 
events.”  

Evolving Resource Mix and 
System Reliability 2017 

National Academies of 
Sciences, Engineering, and 
Medicine (NASEM) 

“Resilience is not just about 
lessening the likelihood that 
these outages will occur. It is 
also about limiting the scope 
and impact of outages when 
they do occur, restoring 
power rapidly afterwards, and 
learning from these 
experiences to better deal 
with the events in the future.”  

Enhancing the Resilience of 
the Nation’s Electricity System 
2017 

National Governors 
Association (NGA)/National 
Association of State Energy 
Officials (NASEO) 

“The ability to withstand 
disasters better, respond 
effectively, and recover more 
quickly and to a more 
improved state.”  

State Governance, Planning, 
and Financing to Enhance 
Energy Resilience 2021 

 

Source: McCurry and Nethercutt 2022 
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Appendix B: Building Technologies That Can Enhance 
Resilience 
Table B1 includes a list of building technologies that enhance resilience to specific climate 
risks, as indicated in the ‘Climate event/risk’ column. These technologies increase building 
resilience by either enhancing the passive survivability of a building, or enhancing energy 
performance and enabling better system recovery, as indicated in the ‘Building resilience 
benefits’ column. While many of these technologies are discussed throughout the paper, 
table B1 below provides a comprehensive list.  

Table B1. Technologies that enhance resilience to climate risks 
 
Building resilience 
benefits 

Building 
technologies Climate threats Sources 

Passive survivability Windows 
(multipane 
tempered glass 
windows; operable 
windows) 

Wildfires, extreme 
temperature 

ULI 2022 

 
Insulation (exterior 
wall insulation 
improvements) 

Extreme 
temperature, 
wildfires, storms 

ULI 2022; Rajkovich et al. 2018 

 
Cool roof Extreme 

temperature 
Rajkovich et al. 2018; ULI 2022 

 Window 
attachments 

Extreme 
temperature, 
storms 

https://www.aceee.org/sites/def
ault/files/eo-window-
attachments.pdf 

Enhanced energy 
performance and 
system recovery 

Energy recovery 
ventilator 

Extreme 
temperature 

ULI 2022; Rajkovich et al. 2018 

 
Building 
automation 
systems 

Extreme 
temperatures 

 

 
Connected water 
heaters, heat 
pumps 

Extreme 
temperature 

ULI 2022 
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Advanced 
metering 
infrastructure 
(AMI) 

 Specian et al. 2020 

 Combined heat 
and power 

Storms Specian et al. 2020; DOE Better 
Buildings "Financing and 
Implementing Resilience 
Projects" 

 Solar plus battery 
storage 

Extreme 
temperature, 
storms, wildfires, 
floods 

ULI 2022; Tyson and Nanavatty 
2020 

 Microgrids Wildfires Tyson and Nanavatty 2020 

 Thermal energy 
storage 

Extreme 
temperature, 
storms 

Rajkovich et al. 2018 

 Distributed solar  EPRI/ Department of Oregon 
2019 

 Lighting controls Extreme 
temperature 

Specian et al. 2020 

 Smart controls Extreme 
temperature 

ULI 2022; Specian et al. 2020 

 Ground-source 
heat pump 

Storms Specian et al. 2020 
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