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Project Motivation

A Space heating is the largest end use for
homes in cold/vencold climates

>

Homes with poor/no insulation or inefficient
heating systems have higher heating energy
consumption

A ~2025 percent of homes

>

Wall and/or attic insulation, air sealing, and
HVAC system upgrades can significantly
reduce space heating energy consumption

>

Programs face high customer acquisition costs

>

Slow market uptake of these proven
measures

A <1% of households/year in Massachusetts

Sources:DeMarkHome Ontario. S. Edwarddusa,Eversourcd=nergy.
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Project Objectives and Benefits

Project Objective: Develop a tool for utility energy efficiency (EE) programs
that analyzes communicating thermostat (CT) data to automatically identify
and quantify the benefit of targeted and customized retrofit opportunities

Customer and Utility Benefits:
A Increase the uptake of home energy assessments

Increase deployment rate of the target energy conservation measures (ECMs)

>

>

Decrease the cost of EE programs via targeting

>

Reduce retrofit performance risks using hotiegel remote EM&V

>

Increase customer engagement

Increase the value proposition for CIprojected ~25MM installed circa 2019

>

Ultimate Vision CTs deployed in most homes identify higipact
opportunities to reduce HVAC energy consumptmal ensure retrofit
performance Source ACHRNewf2015).
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Project Impact

BasicECMs identified have significant energy savings potentials:

A Condensing Furnace or Boiler Retrofit: $165/year (Mags.home)
A Attic and Wall Insulation: $165/year

A Air Sealing: $5065/year

A National Impact Consumer savings $4-5 billion per year

Further savings from space cooling savings and deeper retrofits

Sources: DOE BTO (2012), Massachusetts TRM (2013), DOE/EIA (20Bdé)ld>@ERmerica (2010)
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CTs provide insight into a home’s thermal response.
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A home’s thermal response reflects its characteristics.

Example of building parameter estimation by curve
fitting using CT data from a single night

R-value = 15.7; Q=982.3; T,(0)=5.4° C+%(T, +T,)
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Sources: DOEcobeeFraunhofeilCSE, Wikimedi@dommons
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Key Challenges

« Different physical parameters can create
similar building thermal responses

« Different HVAC systems have different
response times and characteristics

 Many homes have multiple CTs

e Ther mal response “n
heat gains

o I 3

Sources: DOEcobee WikimediaCommons
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Project Approach: Overview

Analyzerealworld CT, interval, and
home energy audit dat&o
successively refine home thermal
response models taccurately
estimate home physical parameter
that correspond to the target ECMs
In increasingly complex situatians

Pl ]

Sources: DOEcobee WikimediaCommons
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Project Approach: Technical

Basic Approach:

1. Energy balances on the enclosure and indoor air

2. Fitrealworld CT data sets to grdyox thermal models to « o

determine the physical parameters

3. Compare physical parameters to thresholds indicative @ ,fj,", 3 0’

retrofit opportunity

Approach to Overcoming the Technical Challenges:
Data, Data, and More Data

Superior data quality and quantity enablebybrid gray-box
thermal modeling and machindéearning approachto develop
and train algorithms

CT and Home Energy Audit data for several hundred +

homes

Deep “ground truth” dat a
Home energy audit with blower door testing
Interval gas (hourly) and electric-(&inute) data

SourceClearmeadow€ommunity Associatio)OE.
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Scaling for Impact

1. Project Team: Two leading IOUs and innovative muni

Leverages data from existing CT programs

2. Project integrates randomized controlled trial (RCT) to
validate key hypothesis of project:

3. Do targeted outreach and customized EE offers double EVE RS—U RCE

the uptake of home energy audits and targeted ECMs’ ENERGY

4. Project Deliverables to Scale Impact

CT Data S_pecifica_tion _ n at i O n al g ri d

Best Practices Guide for EE Program Integration
Project completion in 2019

5. Nearterm Outcome: Integrate witlieversourceand lll\] G(E
National Grid EE programs -
Prog {7/ I I
6.  Target Future Outcomes: EMPOWERING YOUR WORLD

gas | electric | telecom

CT data specification adopted by other utilities, EE
programs, and EnergyStar
CT analytics used by other EE programs
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Conclusions and Future Plans

Conclusions — Leverage data from HEMS technology to:

« ldentify highimpact retrofits for largest residential end use

« Create customized retrofit offerings for individual homes to increase demand
« Validate retrofit performance

« Scale using through leading utility EE programs

Potential Extensions of Approach
« Expand to space heating with heat pumps
« Expand to space cooling applications
« Deeper integration of electric interval data

Learn More:
e “Communicating Thermostats as a Tool
—Proc. 2017 IEEE Intl. Conf. on Consumer Electronics JE2CE).
« See:https://edas.info/p22259.
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