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ABSTRACT

Weatherization Plus Health (Wx+H), a pilot program introduced by the Washington State
Department of Commerce, has proposed a new scope to improve the indoor environment quality
(IEQ) for low-income housing residents—one that extends beyond energy benefits. Typical
interventions include the distribution of green cleaning kits, walk-off mats, ventilation system
upgrades, and resident education, among other elements. Wx+H experts are working to capture
the long-term impact of these combined measures to assess the program’s potential. Although
guidelines and best practices exist to measure and verify the impacts and influences of energy
conservation, these indicators do not holistically incorporate occupant satisfaction and
perceptions regarding health benefits in the context of low-income housing. This paper presents a
preliminary literature review that summarizes measurements and verifications (M&V) schemes
applicable to the residential sector from two major standards: ASHRAE Guideline 14 and the
international performance measurement and verification protocol. Additionally, reports from the
Washington State Commerce Department were analyzed to identify procedures and factors that
might influence M&V schemes as applied by Washington State who are leading health and
energy programs. Barriers, opportunities, and innovative M&V are discussed.

INTRODUCTION

Low-income households usually deal with high energy costs and poor thermal comfort due to
energy inefficiencies in their homes, while additionally experiencing physical deficiencies and
health issues (Hernandez & Phillips, 2015). Evidence suggests that unhealthy housing comprises
a major cause of respiratory health issues that can disproportionately impact vulnerable
populations (De Souza, Evans-Agnew, & Espina, 2018; Kuholski, Tohn, & Morley, 2010).
Living in a home with poor indoor environmental conditions is associated with several negative
health outcomes, notably the development of asthma, affecting over 10 million U.S. children
aged 17 and under (Bloom, Cohen, & Freeman, 2010), and aggravation of chronic obstructive
pulmonary disease (COPD) (Fong, Mui, Chan, & Wong, 2010). In order to improve health
outcomes for people at risk of and suffering from these diseases, we must understand what
housing environmental conditions play a role, as well as how occupant behavior can impact the
home environment.

The federal Weatherization Program (WAP) was created in 1973 to address the energy
shortage at a time when unemployment and energy prices both spiked as a consequence of a
major world oil crisis, affecting low-income families in particular (Kaiser, 2004). WAP’s
original goal was to reduce fossil fuel consumption; however, the program lacked any provision
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for trigger-reducing home improvements for families with asthma and other respiratory diseases
(Souza et al., 2018). In 2015, in an effort to improve health outcomes for low-income families,
Washington State created a program called Weatherization plus Health (Wx+H). Forging a
partnership between Pierce County Human Services” WAP program and the Tacoma-Pierce
County Health Department’s asthma education program, this initiative not only provides home-
based structural intervention but also introduces health strategies to meet the goals of the Healthy
People 2020 program with the goal of enhancing quality of life for those families suffering from
asthma and or COPD (Washington State Department of Health, 2013). Table 1 summarizes the
most frequent weatherization and health interventions provided by Washington State, according
to a comprehensive analysis that helped to personalize interventions in order to address each of
the low-income-families’ needs.

Table 1. Wx+H Interventions for Low-Income Housing in Washington State

Total Comprehensive HH Low cost
Measurements installed Enhanced * Only** HH***
254 units 159units 63units 32units
Green cleaning kit 94% 94% 92% 94%
Bedding (dust mite) 70% 71% 71% 66%
Mechanical ventilation 65% 89% 37% 3%
HEPA vacuum 65% 67% 59% 66%
Walk-off mats 64% 61% 68% 72%
CO detector 57% 74% 44% 3%
Low VOC flooring 33% 32% 52% 0%
Smoke detector 24% 33% 13% 3%
Advanced ventilation 17% 19% 22% 0%
HEPA/MEPA filter 17% 19% 17% 3%
Air sealing 69% 92% 43% 9%
Attic insulation 48% 75% 0% 3%
WH low cost 46% 72% 5% 0%
Passive venting 41% 60% 10% 3%
Floor insulation 39% 62% 0% 3%
HVAC-replace 30% 46% 3% 0%
Lighting 30% 46% 3% 0%
Duct sealing 28% 43% 6% 0%
Furnace tune and clean 20% 32% 0% 0%

(Source: Schueler & Janowitz, 2017)

*Comprehensive services: Households approved to receive weatherization and health interventions **Household
Health (HH) only: Homes that had previously received or did not need weatherization

***L_ow-cost HH: Recipients who received initial assessments, home visits, and those low-cost measures that were
distributed at that time, but were screened out or dropped out soon after

With these new trends in health and energy intervention, the low-income residential stock is
likely to experience substantial upgrades in weatherization procedures, including envelope
modifications such as installation of extra insulation, updated ventilation systems, more efficient
heating systems, and increased airtightness to improve the overall housing performance (Shresta
et al., 2019). However, little research has been performed post occupancy to measure the actual
performance of these modifications to optimize energy efficiency without undermining comfort
and indoor environmental quality for residents. Additionally, research is needed to examine
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Table 2. M&YV Protocols for Parameters Coupled with Health Implications
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Table 2. M&YV Protocols for Parameters Coupled with Health Implications (Continued)
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Generally, M&V protocol refers to the methods that can be used to evaluate changes in
occupancy patterns, operations, and control settings, relative to a building and its context. A
relevant component of M&V is to define the monitoring points required to establish baselines
and quantify post-retrofit performance along with defining the respective measurement methods
(Burman & Mumovic, 2017). Furthermore, these protocols can be used on the residential stock
to evaluate changes beyond energy optimizations that may affect both low-income families’
health and their residences’ energy performance, such as hygrothermal performance (Tariku,
Kumaran, & Fazio, 2015) and levels of environmental pollutants (P. Fabian, Adamkiewicz, &
Levy, 2012).

This paper presents a preliminary literature review to summarize existing M&V schemes that
can be applied to this particular residential sector for the Wx+H program. Furthermore, research,
industry, and policy gaps in these areas are explored and compared with the industry standard on
M&YV for residential buildings.

METHODOLOGY

A systematic literature review was performed to collect and analyze the state of the practice
for M&V. This process included a three-step screening protocol:

Phase 1: Collect books, articles and reports

Phase 2: Filter and categorize studies and results

Phase 3: Analyze results

In phase 1, a keyword search was performed for publications that included books, scientific
articles, and reports in three main scientific collections: EBSCO, Web of Science, and
ScienceDirect. For this search, a combination of keywords was used: “measurement and
verification,” “indoor environmental quality,” “healthy buildings,” “retrofit,” “weatherization,”
“residential,” and “low-income.” This search brought up in 368 publications, all of which were
analyzed through their titles, reducing the number to 14. Additionally, 18 reports from the
Washington State Commerce Department were added to this pool.

In phase 2, the authors performed an abstract review, based on which 14 articles and reports
were selected for in-depth analysis. The chosen publications had to either present findings or
strategies about measurements and verifications in residential buildings and/or to include metrics
of evaluation for the IEQ.

In phase 3, the selected articles were analyzed by qualitative coding performed though
Atlas.ti software package. The articles were divided into three groups: energy demands, healthy
interventions, and IEQ metrics.

29 ¢c

RESULTS

The following results offer a concise critical overview of the major existing protocols, which
include the ASHRAE Guideline 14, the International Performance Measurement and
Verification Protocol (IPMVP), and the guidelines provided by Washington State for its program
Wx+H that cover retrofit interventions applied to low-income housing.

Wx+H program provides guidelines to incorporate various energy savings with a focus on
the maintenance, repair, and/or replacement of structural and non-structural components of
housing. A more gquantitative approach focusses on elements to address health needs and
priorities beyond energy efficiency yet, according to scientific evidence, highly related
(Herndndez & Bird, 2010; Pigg, Cautley, & Francisco, 2017). Such elements include cleaning
kits, high performance vacuums, CO detectors, VOC low flooring, and other provisions and
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equipment to improve the IAQ and IEQ, which are highly related to health impacts (Manuel,
2011). The detailed effects of the Wx+H are not well understood in terms of indoor
environmental behavior and the impact such behavior can have for occupants. The interventions
implemented have not been tested in terms of occupant satisfaction or perceived health
outcomes. Procedures for systematic follow-up and education will be needed to realize the full
potential of the program.

Available protocols for measuring actual performance are highly oriented toward commercial
and industrial buildings. While the IPMVP is recognized around the world, this protocol is
especially suited to commercial and industrial buildings; its main objective is prioritizing energy
savings through optimizations, with an emphasis on electrical demands (EVO, 2002). A second
volume of this protocol provides concepts and practices for improved IEQ; however, concerns
about unintended consequences of improving energy efficiency are rising (Shrubsole,
Macmillan, Davies, & May, 2014).

Another established protocol is ASHRAE Guideline 14-2014, Measurement of Energy,
Demand, and Water Savings (ASHRAE, 2014). Though its scope includes all type of facilities —
residential, commercial, institutional, and industrial — aspects such as IAQ and IEQ are lacking
in the main document that provides detailed explanations for electricity, renewable systems, gas,
oil, water and wastewater. Notably, such guidelines have been extensively applied to the
industrial and commercial sector, but protocols to assess energy and environmental performance
for residential buildings remain scarce. M&V protocols can comprise a valuable tool to assess
uncontrolled behavior, thus helping researchers better understand the changes an indoor
environment can undergo due to energy efficiency retrofit that in turn affect the quality of life for
residents. The parameters shown in Table 2 identify some of metrics that can modify IEQ and as
consequence impact health outcomes. The table also incorporates health implications found in
the literature review.

DISCUSSION

Protocols for buildings to assess changes in the indoor environment and health measurements
are limited, especially for the residential and low-income sectors. The literature indicates a need
to include a more comprehensive assessment to understand aspects that go beyond energy
consumption and reduction of carbon emissions (Colton et al., 2014; Shresta et al., 2019;
Shrubsole et al., 2014), such as ramifications for health and safety that can result in a more
successful overall efficient retrofit intervention (Manuel, 2011). Other aspects such as ventilation
rates (Sundell et al., 2011), building components or materials emission quality (Derbez et al.,
2018; Kubba, 2012), and other pollutants such as radon and carbon monoxide (Francisco et al.,
2018; Pigg et al., 2018) among other concerns to maintain a healthy IEQ.

The guidelines and protocols found on ASHRAE and IPMVP can initially help to shape the
M&V plan for low-income housing; however, a recognizable gap persists, especially for
residential buildings in the low-income sector. The complexity of these calculations and
assessments requires the input of experts who might not be available to consult on low-income
weatherization programs, creating a barrier for agencies and stakeholders. Therefore, simplified
guidelines and protocols to address health, safety, and energy are needed to provide a holistic
understanding of retrofit interventions, and outline a careful but straight forward evaluation
protocol. Additionally, M&V needs to be addressed as an integral component of a project, one
which can facilitate improvements of the built environment and benchmark IEQ and low-income
housing.
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In this effort to provide a more comprehensive assessment through protocols for healthy
buildings, it is also important to generate cross-collaboration among different stakeholders. We
support creation of a shared network database which contains actual performance information of
the buildings being assessed, allowing project delivery and planning to increase feasibility,
illuminating uncertainties from retrofitting projects, and sharing evaluations and other pertinent
information (Walter, Price, & Sohn, 2014). Such a network can make available to stakeholders a
special analysis quantifying the consequences of retrofit interventions on the indoor
environment. Uncertainties in this context can represent a major challenge because of the human
factor, indoor environment (Taylor et al., 2018), and the health implications in low-income
housing (De Souza et al., 2018). However, evidence suggests that the benefits of including
combined healthy and energy interventions can exert a positive influence, especially for
vulnerable populations. (M. P. Fabian, Adamkiewicz, Stout, Sandel, & Levy, 2014)

CONCLUSION

This paper summarizes M&V protocols for the Washington State Wx+H program. The
literature review suggests that protocols for residential buildings, and specifically low-income
housing, are needed in order to provide assessment towards healthy interventions, as well as
influence on the IEQ. M&V can help program leaders and other planners to understand the
relationship between energy efficiency interventions and indoor health factors for a more
comprehensive assessment, especially for vulnerable populations.

Future research should focus on understanding analysis protocols and guidelines for
weatherization interventions across the United States. It is assumed that geographic localization,
weather, infrastructure, technical support and resources may impact the way such protocols are
implemented, necessitating a detailed analysis of procedures to be implemented in low-income
housing. By developing M&V protocols for low-income housing in multiple contexts, it is
possible to compare different scenarios, understand the influence of a building’s construction
type, and determine the impact of regulation and local policies.

ACKNOWLEDGMENT

The authors acknowledge helpful contacts from the State of Washington Department of
Commerce for providing input and information that helped to develop this manuscript.

REFERENCES

ASHRAE. (2014). Measurement of Energy, Demand, and Water Savings. Retrieved from

Bloom, B., Cohen, R., & Freeman, G. (2010). Summary Health Statistics for U.S. Children:
National Health Interview Survey, 2009. Retrieved from
https://www.cdc.gov/nchs/products/series/series10.htm

Blumenthal, 1. (2001). Carbon monoxide poisoning. Journal of the Royal Society of Medicine,
94(6), 270-272. doi:10.1177/014107680109400604

Burman, E., & Mumovic, D. (2017). Chapter 7 - Measurement and Verification Models for Cost-
Effective Energy-Efficient Retrofitting. In F. Pacheco-Torgal, C.-G. Grangvist, B. P. Jelle, G.
P. Vanoli, N. Bianco, & J. Kurnitski (Eds.), Cost-Effective Energy Efficient Building
Retrofitting (pp. 201-218): Woodhead Publishing.

Cedeno-Laurent, J. G., Williams, A., MacNaughton, P., Cao, X., Eitland, E., Spengler, J., &
Allen, J. (2018). Building Evidence for Health: Green Buildings, Current Science, and Future

© ASCE

Construction Research Congress 2020



Downloaded from ascelibrary.org by Carolina Recart on 11/10/20. Copyright ASCE. For personal use only; all rights reserved.

Construction Research Congress 2020 951

Challenges. Annual Review of Public Health, 39, 291-308. doi:10.1146/annurev-publhealth-
031816-044420

Cohen, A. J., Brauer, M., Burnett, R., Anderson, H. R., Frostad, J., Estep, K., . . . Forouzanfar,
M. H. (2017). Estimates and 25-year trends of the global burden of disease attributable to
ambient air pollution: an analysis of data from the Global Burden of Diseases Study 2015.
The Lancet, 389(10082), 1907-1918. doi:10.1016/S0140-6736(17)30505-6

Colton, M. D., MacNaughton, P., Vallarino, J., Kane, J., Bennett-Fripp, M., Spengler, J. D., &
Adamkiewicz, G. (2014). Indoor air quality in green vs conventional multifamily low-income
housing. Environmental Science & Technology, 48(14), 7833-7841. doi:10.1021/es501489u

De Souza, R., Evans-Agnew, R., & Espina, C. (2018). Federal Weatherization and Health
Education Team up: Process Evaluation of a New Strategy to Improve Health Equity for
People With Asthma and Chronic Obstructive Pulmonary Disease. Journal of Public Health
Management and Practice. doi:10.1097/PHH.0000000000000786

Derbez, M., Wyart, G., Le Ponner, E., Ramalho, O., Riberon, J., & Mandin, C. (2018). Indoor air
quality in energy-efficient dwellings: Levels and sources of pollutants. Indoor Air, 28(2),
318-338. doi:10.1111/ina.12431

EPA. (2019a). Basic Information about NO2. Retrieved from https://www.epa.gov/no2-
pollution/basic-information-about-no2

EPA. (2019b). Nitrogen Oxides (NOx) Control Regulations. Retrieved from
https://wwwa3.epa.gov/regionl/airquality/nox.html

EPA. (2019c). Volatile Organic Compounds' Impact on Indoor Air Quality. Retrieved from
https://www.epa.gov/indoor-air-quality-iag/volatile-organic-compounds-impact-indoor-air-
quality

EVO. (2002). The international performance measurement and verification protocol Retrieved
from https://evo-world.org/en/products-services-mainmenu-en/protocols/ipmvp

Fabian, M. P., Adamkiewicz, G., Stout, N. K., Sandel, M., & Levy, J. I. (2014). A simulation
model of building intervention impacts on indoor environmental quality, pediatric asthma,
and costs. Journal of Allergy and Clinical Immunology, 133(1), 77-84.
doi:10.1016/j.jaci.2013.06.003

Fabian, P., Adamkiewicz, G., & Levy, J. . (2012). Simulating indoor concentrations of NO(2)
and PM(2.5) in multifamily housing for use in health-based intervention modeling. Indoor
Air, 22(1), 12-23. doi:10.1111/j.1600-0668.2011.00742.x

Fisk, W. J. (2017). The ventilation problem in schools: literature review. Indoor Air, 27(6),
1039-1051. doi:10.1111/ina.12403

Fong, K. N. K., Mui, K. W., Chan, W. Y., & Wong, L. T. (2010). Air quality influence on
chronic obstructive pulmonary disease (COPD) patients' quality of life. Indoor Air, 20(5),
434-441. doi:10.1111/j.1600-0668.2010.00668.x

Francisco, P. W., Pigg, S., Cautley, D., Rose, W. B., Jacobs, D. E., & Cali, S. (2018). Carbon
monoxide measurements in homes. Science and Technology for the Built Environment, 24(2),
118-123. doi:10.1080/23744731.2017.1372806

Hernandez, D., & Phillips, D. (2015). Benefit or burden? Perceptions of energy efficiency efforts
among low-income housing residents in New York City. Energy Research & Social Science,
8, 52-59. doi:10.1016/j.erss.2015.04.010

Kaiser, M. J. (2004). WAP explained. Energy Policy, 32(16), 1843-1860. doi:10.1016/S0301-
4215(03)00175-7

Kubba, S. (2012). Green Building Materials and Products (pp. 257-351): Elsevier.

© ASCE

Construction Research Congress 2020



Downloaded from ascelibrary.org by Carolina Recart on 11/10/20. Copyright ASCE. For personal use only; all rights reserved.

Construction Research Congress 2020 952

Kuholski, K., Tohn, E., & Morley, R. (2010). Healthy Energy-Efficient Housing: Using a One-
Touch Approach to Maximize Public Health, Energy, and Housing Programs and Policies.
Journal of Public Health Management and Practice, 16(5), S68-S74.
doi:10.1097/PHH.0b013e3181ef4aca

MacNaughton, P., Satish, U., Laurent, J. G. C., Flanigan, S., Vallarino, J., Coull, B., . .. Allen, J.
G. (2017). The impact of working in a green certified building on cognitive function and
health. Building and Environment, 114, 178-186. doi:10.1016/j.buildenv.2016.11.041

Manuel, J. (2011). Avoiding health pitfalls of home energy-efficiency retrofits. Environmental
Health Perspectives, 119(2), A76-A79. doi:10.1289/ehp.119-a76

NTP. (2016). Report on Carcinogens, Fourteenth Edition. Retrieved from
https://ntp.niehs.nih.gov/pubhealth/roc/index-1.html

Pigg, S., Cautley, D., & Francisco, P. W. (2018). Impacts of weatherization on indoor air quality:
A field study of 514 homes. Indoor Air, 28(2), 307-317. doi:10.1111/ina.12438

Schueler, V., & Janowitz, K. (2017). The Washington State Low Income Weatherization Plus
Health Pilot: Summary of Lesson Learned. In W. S. o. I. R. F. 9-17 (Ed.). State of
Washington: Department of Commerce.

Shresta, P., Humphrey, J., Barton, K., Carlton, E., Adgate, J., Root, E., & Miller, S. (2019).
Impact of Low-Income Home Energy-Efficiency Retrofits on Building Air Tightness and
Healthy Home Indicators. Sustainability, 11(2267). doi:10.3390/su11092667

Shrubsole, C., Macmillan, A., Davies, M., & May, N. (2014). 100 Unintended consequences of
policies to improve the energy efficiency of the UK housing stock. Indoor and Built
Environment, 23(3), 340-352. do0i:10.1177/1420326X14524586

Sundell, J., Levin, H., Nazaroff, W. W., Cain, W. S., Fisk, W. J., Grimsrud, D. T., . . . Weschler,
C. J. (2011). Ventilation rates and health: multidisciplinary review of the scientific literature.
Indoor Air, 21(3), 191-204. doi:10.1111/j.1600-0668.2010.00703.x

Tariku, F., Kumaran, K., & Fazio, P. (2015). Application of a Whole-Building Hygrothermal
model in energy, durability, and indoor humidity retrofit design. Journal of Building Physics,
39(1), 3-34. doi:10.1177/1744259114522400

Taylor, J., Liu, Y. C,, Lin, B. R., Burman, E., Hong, S. M., Yu, J., . .. Davies, M. (2018).
Towards a framework to evaluate the "total' performance of buildings. Building Services
Engineering Research & Technology, 39(5), 609-631. doi:10.1177/0143624418762662

Vehvilainen, T., Lindholm, H., Rintamaki, H., Paakkonen, R., Hirvonen, A., Niemi, O., &
Vinha, J. (2016). High indoor CO2 concentrations in an office environment increases the
transcutaneous CO2 level and sleepiness during cognitive work. Journal of Occupational and
Environmental Hygiene, 13(1), 19-29.

Walter, T., Price, P. N., & Sohn, M. D. (2014). Uncertainty estimation improves energy
measurement and verification procedures. Applied Energy, 130, 230-236.
doi:https://doi.org/10.1016/j.apenergy.2014.05.030

© ASCE

Construction Research Congress 2020



