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Presentation Outline

This presentation will discuss the challenges  Keep in mind the questions below as we go
and opportunities of transforming the HVAC  through this presentation. We'll be coming

Market back to these at the conclusion!
Key questions that will be explored Questions for you to consider:
* What do we need from an HVAC system? ¢ How does this information relate to:
* What does a transformed market look — Your role as a Councilor?
like? — Your work professionally?
« What are challenges to transforming the — Your personal lite?
market?  Whatis something you learned today?
* What are some of the solutions? * Isthere something you were hoping to

learn that we didn’t talk about?
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Question 1

D What do we need from an HVAC system?
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What Do We Need From an HVAC System?

Space Conditioning — provide a comfortable space to work, learn, live, and
do business

Indoor Environmental Quality — provide a safe, clean, and healthy indoor
environment for occupants

Cost Competitive Operation — deliver space conditioning and indoor air
guality at a reasonable cost
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Space Conditioning

needs are heating

MARINE

HOT-DRY / MIXED-DRY

Figure 1. Seven of the eight US climate HOT-HUMID
zones recognized by Building America
occur in the continental United States.
The sub-arctic U.S. climate zone, not

shown on the map, appears only in Alaska. 5
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Space Conditioning

Being a cold climate, New England’s dominant space conditioning
needs are heating

Share of home energy use, 2015

Total U.S. —-H
| JU J
I |

space heating + air handlers / AC + air handlers + evaporative coolers

boiler pumps + humidifiers = 44.4% + ceiling fans + dehumidifiers = 10.0%
‘ Very cold/Cold | |
Mixed-dry/Hot-dry | I | |
Mixed-humid | I |
Marine | |
Hot-humid - S I |
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Indoor Environmental Quality

Provide fresh outdoor air and exhaust stale indoor air

e Prescribed volume of fresh outdoor air and/or allowable level of
CO, based on occupancy, size and use of space

Natural

Mechanical fiil!
Ventilation [

Ventilation
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Cost Competitive

All heating fuel prices expected to increase this winter, especially
for delivered fuels

Average winter household energy expenditures (winter = Oct-Mar, 2011-2022)
dollars STEO

forecast Expenditures for
$2,500 all energy uses in
households primarily
$2,000 heating with:
propane (+54%)
$1,500 heating oil (+43%)
electricity (+6%)
$1,000 ==——
| natural gas (+30%)
$500 T —
$0 ! ' ' I T T T T T T 1
winter 2013- 2015- 2017- 2019- winter
2011- 2014 2016 2018 2020 2021-
2012 2022
EIA 2021 Winter Fuel Outlook: https://www.eia.gov/outlooks/steo/special/winter/2021 Winter Fuels.pdf 8
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https://www.eia.gov/outlooks/steo/special/winter/2021_Winter_Fuels.pdf

Question 2

D What does a transformed market look like?
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What Does a Transformed Market Look Like?

Filters
Fresh
air from
outside

| 2 e High-Efficiency Distribution Medium

Energy
Recovery
Ventilation

Exhaust
to outside

e

Fresh
air to
inside

— Distribution System

Heat exchanger Fan

..--"""\

mar
Smart Heat Pump

Controls
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Example Components

* Highly efficient
heating/cooling

* Good indoor environmental
quality with adequate air
exchange and energy —
recovery ventilation

 Comfortable occupants
* Low or no carbon emissions
* (Cost competitive

HVAC System Needs

ROOF

Ventilation

What Does a Transformed Market Look Like?

Heating/Cooling

High Efficiency Heat Recover y Ventilator (HRV)
or Energy Recove ry Ventilator (ERV)
- e

INTERIOR

_ // Axor Supply

[

Source: https://betterbricks.com/uploads/resources/VVHE-DOAS SummaryReport.pdf 11
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https://betterbricks.com/uploads/resources/VHE-DOAS_SummaryReport.pdf

Question 3

D What are challenges to transforming the market?
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What Are Challenges to
Transforming the Market?

Existing/Legacy Infrastructure

Building Envelopes

Operations & Controls

Customer Economics & Climate Goals

Solutions to Transforming the Market
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Existing/Legacy Infrastructure

Legacy equipment and existing infrastructure make modernizing
HVAC systems difficult

e Like-for-like replacements are common
 Overhauling central plant and distribution system is complex and expensive

Most older systems are unable to meet current code minimum outdoor air requirements 14
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Building Envelopes

Improving insulation without addressing ventilation leads to poor
indoor air quality

Indoor CO2 Levels and Associated Health Impacts

250-400ppm  Normal background concentration in outdoor ambient air
400- Concentrations typical of occupied indoor spaces with good air exchange
1,000ppm yp P P g g
1,000-
’ Complaints of drowsiness and poor air.

2,000ppm
2,000-5,000 Headaches, sleepiness and stagnant, stale, stuffy air. Poor concentration, loss
ppm of attention, increased heart rate and slight nausea may also be present.
5,000 Workplace exposure limit (as 8-hour TWA) in most jurisdictions.

Exposure may lead to serious oxygen deprivation resulting in permanent brain
>40,000 ppm . F g yoenaep gmnp

HVAC System Needs Transforming the HVAC Market

damage, coma, even death.

2020
Construction
with Energy
Recovery
Ventilator

2008
Construction
with Natural

Ventilation
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Operations and Control

Controlling legacy systems in concert
with new systems is complicated

Optimizing systems for cost and GHG
emissions is a moving target

All of this is part of the messy transition
to a “transformed market”

HVAC System Needs Transforming the HVAC Market Challenges to Transforming the Market Solutions to Transforming the Market



Operations and Control

Legacy pneumatic (pressure-based) controls
Unitary controls or thermostats with no overarching system
Modern controls create more data = useful, but can be overwhelming
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Customer Economics and Climate Goals

Energy prices ignore un-priced “externalities”

Natural Gas Delivered: Commercial: New England

2019 $/Mcf

25 + EPA social cost of carbon
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— Reference case| — %35 carbon dioxide allowance fee

e@ Source: U.S. Energy Information Administration 19
Source: https://www.eia.gov/outlooks/aeo/
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Question 4

D What are some of the solutions?
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What Are Some of the Solutions?

Controls upgrades/optimization and commissioning

Weatherization (with ventilation improvements!)

Vendor and customer training

Financing and making the business case

HVAC System Needs Transforming the HVAC Market Challenges to Transforming the Market
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HVAC System Needs

Transforming the HVAC Market

Save energy and money, improve
comfort, and make your home better
with these energy savings offers for
residential electric customers.

B Central Heat Pumps
B Mini-Split Heat Pumps
® Integrated Controls

These offers are co-funded by the Rhode Island Office
of Energy Resources with proceeds from the Regional
Greenhouse Gas Initiative and by National Grid.
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Upgrading old pneumatics to direct
digital control (DDC) allows for modern
sequence of operations

ASHRAE Addendum u to
ASHRAE Guideline 36-2018

ASHRAE Guideline 36 sets standards for High Performar.lce
Sequences of Operation

High-Performance Sequences of Operation for HVAC Systems
for HVAC Systems

* Meeting space conditioning and indoor
environmental quality performance mm:;ﬂ:ri;:m“ﬂ:*‘““ﬁ“";“%f
requirements for the lowest energy inpu

mented, consensus action on requests for change to any part of the guideline. Instructions for how to submit a change can
t be found on the ASHRAE® website (https://www.ashrae.org/continuous-maintenance ).

The latest edition of an ASHRAE Standard may be purchased from the ASHRAE website (www.ashrae.org) or from
ASHRAE Customer Service, 180 Technology Parkway NWV, Peachtree Corners, GA 30092. E-mail: orders@ashrae.org. Fax:

678-539-2129. Telephone: 404-636-8400 (worldwide), or toll free 1-800-527-4723 (for orders in US and Canada). For
reprint permission, go to www.ashrae.org/permissions.

e Real-time fault detection and diagnostics S e

HVAC System Needs Transforming the HVAC Market Challenges to Transforming the Market
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Weatherization and Ventilation

Air exchange is a good thing, but needs to be intentional

HOME VENTILATION v
SYSTEM

o 8ah
35% | THROUGH
I UN-INSULATED WALL:

-

°
THEGREENAGE f-
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Vendor and Customer Training

TRAINING THE WORKFORCE

If a building’s systems are improperly installed, FOR HIGH-PERFORMANCE BUILDINGS:

Commissioned or maintained the bUIldlng WI” ENHANCING SKILLS FOR OPERATIONS AND MAINTENANCE
. / . ’ . . ) BY ROHINI SRIVASTAVA, MOHAMMED AWO0JOBI, AND JENNIFER AMANN

not function as intended, not only hindering its ” A

SEPTEMBER 2020

energy and indoor environmental performance
but also dissuading customers from future

investments in energy efficiency technologies,
thereby slowing their adoption.

From: https://www.aceee.org/research-report/b2003

25
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Financing and Making the Business Case

Financings especially important for customers motivated by first cost or with shorter term
financial decision making

Small Business
Customers

Split Incentives and Flip Buildings Starter Homes

Tenant/Landlord /' Developers Who Build ﬂ Homeowners Buying

Contractors need to make the business case based on the full value stack

Energy Health/Comfort Environmental
Savings Improvements d Stewardship

Bottom Line: HVAC projects are not lighting projects

More Longer Simple

More Capital
Complex Payback

Intensive

26
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NYC Retrofit

Accelerator: VRF +
DOAS with HRV

Not a silver bullet,
but this is where
the market is

heading

HVAC System Needs

Bringing It All Together
Example: Retrofit NY

costs & benefits*

GHG Savings W

Tenant Experience

Improvements W
©)

Utility Savings

Capital Costs

Iy

il
(T

i
it

1]

11

Maintenance
Requirements

’ S *ratings are based t

on system end use,
see back cover for

S jotails.

Source: https://be-exchange.org/wp-content/uploads/2019/06/HPRT techprimer DOAS .pdf

Transforming the HVAC Market

Challenges to Transforming the Market
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https://be-exchange.org/wp-content/uploads/2019/06/HPRT_techprimer_DOAS_.pdf

Key Takeaways

What do we need from an HVAC system?
e Space conditioning and good indoor air quality at a competitive price

What does a transformed market look like?
A comfortable, healthy, low-carbon built environment

What are challenges to transforming the market?

e Legacy infrastructure, external environmental costs, customer/contractor
understanding of new technology

What are some of the solutions?

» Controls, better building envelopes, customer/contractor training and a more
wholistic view of costs/benefits of HVAC system modernization
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Council Member Discussion

Questions for you to consider:
e How does this information relate to:

— Your role as a Councilor?
— Your work professionally?
— Your personal life?

 What is something you learned O
today?

* |sthere something you were hoping r > e \
to learn that we didn’t talk about? ‘ ‘
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Appendix
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Additional Resources

Institute for Market Transformation: Very High Efficiency HVAC (video)

Lawrence Berkeley National Laboratory Indoor Air Quality (research)

Efficiency Vermont A guide to home heating systems (blog)

Northwest Energy Efficiency Alliance: Commercial High Performance HVAC

Market Characterization (report)
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https://www.youtube.com/watch?v=gc1JtCk9hVU
https://buildings.lbl.gov/indoor-air-quality
https://www.efficiencyvermont.com/blog/how-to/a-guide-to-home-heating-systems
https://neea.org/img/documents/Commercial-High-Performance-HVAC-Market-Characterization.pdf

Not everyone can be motivated by
climate change, but people really
care about their health!

Weatherization and Ventilation

A majority of Americans say the affordability of health
care is a very big problem in the country today

% who say each of the following is in the country today

A very Not a
big problem problem

| ‘ at all
The affordability 310 J.:L:I\__i
of health care

The coronavirus outbreak _ 31 16

cimate crange (NGO

Note: No answer responses not shown.
Source: Survey of US_ adults conducted April 5-11, 2021.

PEW RESEARCH CENTER
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Weatherization and Ventilation

PLUGGED INTO
ENERGY RESEARCH

LECTURE SERIES

COOPERATIVE
EXTENSION

Excellent webinar from 2020 for
anyone who did not join. Ihe COVI-19 panderic s iglghted the inks btweon heth and the

proper ventilation may be at an increased risk of exposure.

Is energy efficiency an effective solution to increasing health and safety in
buildings, and reducing exposure to COVID-19? Join us for this important
conversation featuring experts from around the United States.

Energy Efficiency, Human Health, Ry N AT
AND COVID-19
a n d COVl D 19 B LECTURE 2 - WEDNESDAY, OCTOBER 28,2020 @ 6:30 P.M.
\\ ENERGY EFFICIENCY IN SCHOOLS: SAFER
htt PS //WWWVO utu b e.CcoO m/WatC h ?V BUILDINGS, HEALTHIER STUDENTS

LECTURE 3 - NOVEMRBER 18, 2020 @6:30 P.M.

=WAC4AxXLZhX4E RENTAL AND AFFORDABLE HOUSING

Registration required. For more information and registration please visit
web.uri.edu/coopext/plugged-into-energy-research-lecture-series/
Have questions? Please contact Kate Venturini at kate@uri.edu.
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Weatherization and Ventilation

Ventilation is a health and productivity benefit

e Study simply assumes increased ventilation, not optimized ventilation

Health

Benefits  $33 million

Energy $4 million
Costs

= 8.25 BCR

Abstract Limited evidence associates inadequate classroom ventilation rates
(VRs) with increased illness absence (IA). We investigated relationships between
VRs and IA in California elementary schools over two school years in 162
3rd-5th-grade classrooms in 28 schools in three school districts: South Coast
(SC), Bay Area (BA), and Central Valley (CV). We estimated relationships
between daily IA and VR (estimated from two year daily real-time carbon
dioxide in each classroom) in zero-inflated negative binomial models. We also
compared IA benefits and energy costs of increased VRs. All school districts
had median VRs below the 7.1 1/s-person California standard. For each
additional 1 1/s-person of VR, IA was reduced significantly (p<0.05) in models
for combined districts (—1.6%) and for SC (—1.2%), and nonsignificantly for
districts providing less data: BA (—1.5%) and CV (—1.0%). Assuming
associations were causal and generalizable, increasing classroom VRs from the
California average (4 1/s-person) to the State standard would decrease IA by
3.4%, increase attendance-linked funding to schools by $33 million annually,
and increase costs by only $4 million. Further increasing VRs would provide
additional benefits. These findings, while requiring confirmation, suggest that
increasing classroom VRs above the State standard would substantially
decrease illness absence and produce economic benefits.

Association of classroom ventilation with reduced illness absence:
a prospective study in California elementary schools

M. J. Mendell, E. A. Eliseeva,
M. M. Davies, M. Spears,

A. Lobscheid, W. J. Fisk,

M. G. Apte

Indoor Environment Group, Environmental Energy
Technologies Division, Lawrence Berkeley National
Laboratory, Berkeley, CA, USA

Key words: Carbon dioxide; Indoor environmental
quality; Schools; Ventilation; lliness absence.

M. J. Mendell

Lawrence Berkeley National Laboratory
1 Cyclotron Road, MS 90-3058
Berkeley, CA 94720, USA

Tel.: +510-486-5762

Fax: +510-486-6658

e-mail: mjmendel|@Ibl.gov
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 When paired with weatherization, it can also be an energy efficiency benefit
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