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About VEIC

VEIC works with organizations to create immediate and lasting
change. Since 1986, we've served as an objective partner for our

clients as they navigate complex energy challenges.
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Efficiency
Vermont
(EVT)

Multifamily New

Construction (MFNC)

High-Performance

(HP or EVT HP)

Passive House (PH) =

Passive Building (PB)

Efficiency

Services

Whether you're looking for financing selutions, one-time a

o
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Energy Assessments

Find out where your home or business is losing
energy—and discover the most cost-effective
ways to fix it. Access objective, over-the-phone
guidance, including tips for performing your own
szzeszment. For s professionsal, on-zite energy
asseszment, we can connect you with our
netwark of certified contractors trained in

building science.

¢ Business Energy Assassments
+ Home Energy Assessments

+ Wermont Home Energy Profile

REBATES

SERVICES PRODUCTS + TECHNOLOGIES ELOG

Financing

Taeke advantage of flaxible, low-interest financing
to pay for energy improvements; enjoy lower
energy cosis right away and for years to come
We can project your future savings, connect you
to relevant rebates, and guide you to the right
financing solution or lender, should you need

one.

+ Financing for Agricultural Operations
+ Financing for Businessas

+ Financing for Homeownears

FIND A PRO OR RETAILER

e, or project support from start to finish, we're here to help.

Renovation & Construction

Get start-to-finis

support from a personal

energy consultant to help you constructa
building that meets your enargy goals and stays
within your budget. We can help you optimize
your design, select efficient technologies, and
sccess financial incentives. Cur post-
construction performance testing ensures that
your new building mesets your expectations for

cemfort, efficiency, and durability.

+ Weatherization
+ Commercial New Construction
+ Residential New Construction

+ Multifamily Renovation & New Construction



R&D Allows EVT to:

 Create space for innovation that would

not otherwise achieve investment

* Drive evolution of Efficiency Vermont's

services to better help ratepayers

 Focus staff and resources to strategic

areas that need investment




Vermont

Statistics

Total population: 643,077 y

. Largest city: Burlington, pop. 45,000
Total Housing Units: 343,166
Need to add 41,000 new homes by 2030

Fun fact: VT is the
largest producer
of maple syrup in

the US.
. No residential building code

. Energy code updated every 3 years

Lofty energy goals: 100% of new construction
to be NET-ZERO-READY by 2030




Multifamily Passive
House Certification: A
New Reach Standard The report:

https://www.efficiencyvermont.com/Medi

for Ve rmont? a-room/white-papers

multifamily-passive-house-
certification-a-new-reach-standard-
for-vermont

Efficiency Vermont R&D Project: Resilience

June 2025

Karen S. Bushey

Special thanks to Emma Casavant

Efficiency 2o oo e e
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Research Questions

Passive Building Certification

o

@ phiUS Passive House

1. Is Passive Building certification for new multifamily buildings cost-effective in flaoe
Vermont compared to Efficiency Vermont's High Performance MF tier?

. Consider costs with applicable tax credits and incentives

2.  What are the added benefits? ZERO ZERO
. Energy consumption savings
. Qualitative data from interviews

Looked at 10 MF buildings, 2 in NH, 1in ME

NERGY STA

The study is unique in that it compared

2 high-performing standards




EVT MFNC Program Requirements

Thermal Shell”

Ceiling

R-45-60 roof

R-60 attic and/or R-49 Slope. Attic sheetrock plane air sealed.

Flat Roof

+ R-45 continuous above roof deck
* Sealed roof sheathing joints and connect roof sheathing to wall sheathing at perimeter

Wood Framed Wall®

» R-12 continuous exterior insulation (CBES or RBES)
* R-21 cavity minimum

« Sheathing joints taped/sealed.

+ See Footnote 8 for guidance for steel framed

R-33 wall

Exposed Floor®

U-0.27, Example: R-38 cavity with minimum R-6 continuous exterior insulation.

Below Grade Wall

R-20 Continuous. R-20 foundation wall

Slab Edge (on grade)

R-20 for 48" below. R-20 slab-on-grade, 4 feet

Windows

« MNFRC U walue 0.27 or less

+ Storefront: U-0.33 or less Double-pane windows

Elevator & Stairwell
Vestibules

For buildings with parking garages under living space. Required at parking level, recommended in
corridors.

Air Leakage!®

Maximum Allowed

0.075 cfm50/ft2 (0.10 cfm75/ft2) of total thermal boundary surface area (6 sides include above grade
walls, below grade walls and slab)*". Must be verified by blower door test. If blower door test indicates
higher air leakage, expect reduction of per unit incentive. Building envelope commissioning incentives of
50% (up to 5$5,000) available to achieve this air tightness target.

Incentives

Base

53700 per apartment (includes VGS portion when in VGS territory) up to 75 units. Incentives for projects
above 75 units determined on a custom basis. Incentives may be affected by available budgets.

+ Additional incentives




In-unit* and Common I:I

area fitures
Interior common area
Lighting controls I:I
Air Source Heat Pump/
Cold Climate Heat Pump |:|
WSHRYCCHP) 2
Water Source Heat Pump
WSHP) I:I
Appliances . Packaoed Terminal Heat
(ommen Area or Wood Pellet
In-Unit)
Matural Gas or Propane
Electric
Heating System
Ventilation
Central
Domestic _ )
Hot Water All Recirculation Systems
Pipe Insulation I:I
Drain Water Heat Recovery®
Water Conservation




EVT HP and PH/PB comparison

EVT High-Performance (HP)
Prescriptive checklist

Passive House (PH)/ Passive Building

Performance standard, based on energy targets and verified by
predictive energy modeling

Customizable requirements and incentives to encourage action

Energy targets are fixed -
building elements are customizable within maximum total energy
demand

No enrollment or participation fee

Fee for consultants and certification paid by owner/developer

EVT staff involvement — experienced technical assistance at no cost

31 party consultants, hired by developer, provide energy
modeling, verification, and coordination

ﬁualifies for EVT HP incentives

Eligible for additional EVT incentives if energy modeling or
commissioning is pursued

ﬁualifies for EVT HP and additional incentives.

Receives one QAP checkmark for LIHTC

Mid and post construction verification by EVT staff, included in
program; staff verify for savings claim

Mid and post construction verification by 3 party consultant and
commissioning agents

Documentation submitted to Passive House certifying body for final
verification




Selection Criteria

Compared 6 EVT High-Performance and 4 Passive Multifamily Buildings

Selection criteria:

EVT High-Performance— or Passive Building—certified

* In ASHRAE climate zone 6A

* Double-loaded corridor layout

* Mid-size - 3 to 4 stories in height and 24 to 42 dwelling units
« 21,000 sf to 44,000 sf

« Low air leakage — Most buildings had at or below Passive Building
maximum requirements (0.06 cfm50 per sf thermal envelope).

« Affordable Housing



Methods - Energy

Included and not included

Q

L

Energy consumption only AMI data and fuel bills were
converted to kBtu and site EUI
was calculated

Energy costs not in scope Source EUI not in scope

Also out of scope: embodied
carbon, cost, carbon intensity of
grid, GHG emissions
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EVT HP Building sq. ft.
Cooling: ASHP (Electric)
31,640 Family 30 43 Heating: Boiler (Natural Gas)

DHW: Boiler (Natural Gas)
Cooling: ASHP (Electric)

21,038 Family 24 28 Heating: ASHP (Electric)

DHW: HPWH (Electric)
Cooling: ASHP (Electric)

27,876 Family 30 42 Heating: ASHP (Electric/Oil Backup)
DHW: Boiler (Oil)
Cooling: ASHP (Electric)

Heating: ASHP (Electric/Electric Resistance

25,914 Family 26 31 S

DHW: Boiler (Propane)
Cooling: ERV (Electric)

Heating: Electric Resistance (Electric), Propane

42 Famil 4
33,0 amily 30 > backup in ERV

DHW: Boiler (Propane)
Cooling: VRF (Electric)

43,875 Senior 39 45 Heating: Boiler (Natural Gas)

DHW: Boiler (Natural Gas)




Passive Multifamily
Building

Buildings

Cooling: ASHP (Electric)
29,350 Senior 30 30 Heating: ASHP (Electric/Natural Gas Backup)

DHW: Boiler (Natural Gas)
Cooling: ASHP (Electric)

27,700 Family 29 39 Heating: ASHP (Electric)

DHW: Boiler (Electric)
Cooling: VRF (Electric)

30,970 Senior 42 42 Heating: VRF (Electric)

DHW: Boiler (Propane)

Cooling: None
37,815 Family 45 62 Heating: Electric Resistance (Electric)

DHW: Boiler (Natural Gas)




Results: Energy Consumption per SF

Multi-Family - EUI (kBtu/sq. ft. per year)
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Multifamily Building

Annual energy use intensity (EUI) in kBtu/sf



Results: Energy Consumption per Bdrm.

Multi-Family - Annual Energy Consumption
(MMBtu/Bedroom)

EVT - ELECTRIC ~ mEVT - FUEL PH - ELECTRIC  @mPH - FUEL TOTAL
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Multifamily Building

Annual energy consumption in MMBtu/bedroom



Results: Energy Consumption

Summary of performance and savings:

Energy metric EVT High -Performance Passive Building (PB) % Improvement PB over HP
(HP)

Average EUI (kBTU/sf/year) 37.7 30.5 19%

Average energy consumption 29.9 23.8 20%

(MMBTU/bedroom)

Range highest to lowest EUI 21.6 2.9 -

(kBTU/sf/year)

Range energy consumption 20.8 10.1 -

(MMBTU/bdrm)




Further thoughts on data

HP Buildings B, C & E — very low energy consumption
B — Family housing, all-electric with heat pumps
C — Family housing, oil boiler back-up heating and DHW

E — Family housing, propane back-up heating and DHW, electric resistance heat

Other projects not in study were even lower — 23, 24 EUI — both all-electric with heat pump heating and ER
DHW, low air-leakage

Heat pump heating helps to lower EUI, but not a guarantee (ex: building D)



Costs

Developers strained by high
interest rates, tariff
uncertainty and
construction costs

A perfect storm — that’s how industry leaders describe the
challenges Vermont developers face in 2025.

By Helen Argraves

March 25, 2025, 7:49 pm vtdigg‘el'®

O X @O

News in pursuit of truth




Affordable Housing Development Costs

Cost Trends in Vermont 9% LIHTC Projects

$600,000 40%
., ) . 35%
Vermont's per unit cost of $500,000 o
multifamily rental . — 25%
development has increased 20%
76% since 2018’ »300,000 15%
$200,000 10%
5%

$100,000
0%
50 -5%

2018 2019 2020 2021 2022 2023

mmm Average Per Unit Cost e Percent Change from Previous Year

VHFA 2023 Housing Investment Fund Annual Report



https://vhfa.org/sites/default/files/publications/VHIF-Annual-Report-2023.pdf

Higher COStS fOI‘ Passive SOFT - consultant fees (energy

modeling and verification),

. certification fee
Total costs are 1 — 4% higher than

standard development, per studies

* Decrease with experience HARD — materials, equipment,

Verification is at least half of soft costs

: construction costs
due to time and travel

Soft costs (consultants, certification

fees) have doubled in past 5 years . .
DESIGN — additional time it takes to

integrate the requirements, which

* Higher demand for consultants

Incentives are significant, but the same
for HP and PB diminishes with increased

experience




Other Cost Studies

NYSERDA (New York State Energy June 2024 Buildings of Excellence Construction Cost
Research and Development Authority) Data (NYSERDA, 2024)

Massachusetts Clean Energy Center Scaling Up Passive House Multifamily: The
Massachusetts Story (Simmons, Craig, McKneally, &
Lino, 2022)

Memo: Summary of Cost Data Research on Multi-
Family buildings built to the Phius Standard
(Elnecave, 2022)

The Passive House Network (PHN) Is Cost the Barrier to Passive House Performance
(Bronwyn Barry, 2021)

Vermont Architectural Firm NESEA Building Energy Boston Presentation on MF
PH in NH, March 2019

Incremental cost of building to the Passive House standard
and other findings.

Passive House projects in rounds 1-4, beyond early design stage,
showed average of 2.7% higher cost without incentives.

67% of those projects had a net gain in costs after credits and
incentives were applied.

71% of projects in MF competition followed Passive House.
Passive House Design Challenge demonstrated average increase
of 2.3% over energy code with a sample size of 7 MF projects.
Projects received incentives in milestone payments which are
not included in incremental cost.

The report also demonstrates PH energy savings of 52% over
non-PH MF projects.

Increase of 1-4% over energy code was demonstrated in
Massachusetts.

Pennsylvania MF PH projects started at 5.8% average increase in
2015, 1.6% in 2016, and by 2018 they showed average 3.3%
savings over conventional construction.

Federal tax credits can lower cost additionally.

NAPHN demonstrated increase of 1-8% over standard costs
with a sample size of 16 MF buildings, with an average of 4%
increase.

The higher increases were attributed to teams with less or no PH
experience.

Architects demonstrated increase of $8 more per square foot or
less than 3% over standard costs.


https://www.nyserda.ny.gov/All-Programs/Multifamily-Buildings-of-Excellence/Winners/Resources
https://www.nyserda.ny.gov/All-Programs/Multifamily-Buildings-of-Excellence/Winners/Resources
https://www.masscec.com/sites/default/files/documents/Scaling%20Up%20Passive%20House%20Multifamily_The%20Massachusetts%20Story_20220824.pdf
https://www.masscec.com/sites/default/files/documents/Scaling%20Up%20Passive%20House%20Multifamily_The%20Massachusetts%20Story_20220824.pdf
https://www.phius.org/sites/default/files/2022-09/Cost%20Memo%20Sept.%202022.pdf
https://www.phius.org/sites/default/files/2022-09/Cost%20Memo%20Sept.%202022.pdf
https://www.phius.org/sites/default/files/2022-09/Cost%20Memo%20Sept.%202022.pdf
https://passivehousenetwork.org/wp-content/uploads/2022/10/Is-Cost-the-Barrier-to-Passive-House-Performance-May-2021-PHN.pdf

Hard Costs

Extract air 4 <« Supply air

Additional Elements for PB: Hese

« Higher levels of insulation in exterior walls, floor

>:\({\ghtne&?

Outdoor air Exhaust air
—> p— ———

slab, and roof

» Triple-pane windows in place of double-pane

‘I/_ O 5—05 S\kl '

. i i I 1 ‘ Supply air Supply air

 Higher levels of air sealing (not applicable for this < Ly PPy W poly
P %

Study) 1 @' ! > O] \\ \ \:
m ( W i Supply air
E?(tract

o https://passiv.de/en/02 informations/02 passive-house-
ventilation system requirements/02 passive-house-requirements.htm

-

=

« More efficient HVAC equipment, notably

ventilation systems

» Greater distribution (more ductwork) for the

Windows — added $28,000 - $70,000
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Vermont Multifamily New Construction Incentives

EVT High- Passive Building | Amount per dwelling unit or total
Performance qualifies
qualifies

EVT per unit program $2700, (2020 - 2024)

incentive \/

EVT: energy optional
modeling

EVT: building optional
envelope

commissioning

EVT: mechanical optional
commissioning

$3700, (2024 +)
50% up to $5,000 total

50% up to $5,000 total

CKKLKKX

50% up to $5,000 total

VHFA Low Income One checkmark or point for PB or Net Zero
Housing Tax Credit certification can be advantageous for 9
(LIHTC) Qualified X \/ percent tax credits, affordable development
Allocation Plan (QAP) only

Vermont Passive X $500 cost reimbursement towards Phius and
House (VTPH) \/ Passive House Institute (PHI) accreditation

training grant training




Total Costs

30-unit building example
+ 3% or $400,000 for $15 million project

Approx. $100k of that is soft costs

BEFORE: $276,000 incentives (available for
both HP and PB)

AFTER: $126,000 (with no 45L)




« Benefits are seen and felt, but construction cost and
complexity are drawbacks

Partner Feedback ‘ i
P

o Comfortable, quiet, low cost to operate

 First costs are primary obstacle
o Must chase highest return opportunities
= No PB incentives since 2017
o QAP check mark is not enough

* PB does not prevent maintenance and controls issues.

» To certify or not?

Affordable Housing developers are dealing with many
challenges today (i.e., BABA, rising development costs,
mental health challenges, etc.)
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Opportunities

* Energy modeling leads to cost
optimization and predictable results

 Flexibility of a performance standard
« Limit change orders during construction

« Market transformation from project
team PB training and higher demand
for PB consultants

* Independent review and rigorous
verification would satisfy regulatory
requirements

« Opportunity for even greater savings
with post-occupancy monitoring and
commissioning

Barriers for Passive

Higher cost — hard and soft costs

Lack of PB certified professionals
in VT

Lack of incentives for PB over EVT
HP

« EVT HP provides simple, lower-
cost option

Greater incentives are needed

Greater support for initial project
would benefit partners




Benefits - Resilience

In addition to the benefits to occupant health,
safety, and well being...

« Passive buildings have the potential for load
flexibility with space conditioning loads

« Can shift load to influence grid at
specific time

* Interior temperatures can be maintained at

loss of power or heating/ cooling source

= Possible strategy for demand response
programs (group buildings for greater impact)

veic

“The time constant
of Passive Buildings
.might be the most

v/ 4

un tapped resource.
Eraham Wright




Benefits - Energy Modeling

» Allows for optimization of design, trade-offs and cost
savings

« Post-occupancy comparison of energy use
« Option for performance guarantee

* Proprietary software can be an obstacle — METr, WUFI
Passive, PHPP

* Need separate baseline model to calculate savings

« ASHRAE 227P, Passive Building Standard still in
development

)
'
'
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Prediction vs. Reality

pEUl is good and bad

Brings additional scrutiny when real-world consumption doesn't
match prediction

« Modeling software historical shortcomings
* And continual improvements

Energy monitoring has revealed mechanical issues in several
projects

* Higher than predicted energy use, yet lower than most HP

« Able to diagnose and remedy

Thermal envelope shortcomings can be ruled out due to
rigorous site verification.
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Facing Headwinds

Vermont’'s Executive Order

VT Governor Scott issued an EO on Sep. 17t to

promote housing construction

Eases requirements, barriers... and codes

Energy code rolled back to 2020 version

Where do we go from here?

veic




Conclusion

L_c.entives are needed to realize benefits Higher incentives and training support

Passive Building certification provides: are needed to move forward

I e dictable savings, 4 ° More support for first-time projects

 Build market for third-party passive
building consultants

» Flexible, cost-optimized standard,

ndent review and verificatio

pEUI, and load-shifting
nities Greater adoption of MFPB outside of

VT offers many examples to look to




Next Steps

Compliance Path

* EVT can add Passive
Building as a compliance
path for earning HP
incentives (include add-
ons automatically?)

Another cost study?

» Compare HP cost to PB
cost in current market
dollars based on current
energy codes.

MF buildings in VT are significant state assets — Passive
Building better guarantees long-term savings over the

life of the building.

veic




State

CT

The report: https://www.efficiencyvermont.com/Media-room/white-papers

Appendix - Other State Incentives

Source and Reference Details

Incentive

Stretch Energy
Code

Me

Mt

Mass Save

Massachusetts
Clean Energy
Center (CEQ)

Massachusetts
Department of
Housing and
Community
Development
(DHCD)

My Pl ™ ™ =™

[ T T

States with only low-income housing tax credits (LIHTC) for incentives

ME Maine Housing | 2025 - 2024 LIHTC QAP allows a greater Total Development
Qualified Allocation Cost (TDC) per unit for PH certification.
~lan (MaineHousing,

2022)
NH NH Housing New Hampshire QAP awards eight points for PH
Finance Qualified Allocation certification and allows a greater TDC per
Agency Plan (New Hampshire unit.
Housing, 2024)
PA PA Housing Pennsylvania Housing QAP awards ten points for PH
Finance Finance Agency certification.
Agency Allocation Plan for
Program Year 2024
(Pennsylvania Housing
Finance Agency, 2023)
Honjwes (Rhode Islandjj unit building can receive up to $2,750 per
Energy, 2023) unit.
"NYSERDA RI Housing State of Rhode Island QAP awards up to three points for

2024 Qualified

Allocation Plan (Rhode

Island Housing, 2024)
I

meeting PH standards.
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Karen S. Bushey
ksbushey@velc.org
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