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NECC Seminar Series Lineup

Catch the entire lineup of sessions bi-weekly—Thursdays @ 1p ET:

* 10/20: Cracking the Code: Unlocking
the Benefits of Off-site Construction

« 11/17: Outside-the-Box Options to
Advance Multifamily Building Efficiency

. https://www.energycodes.gov/2022-summer-seminar-series ﬂ%@
Building Energy Codes

U.S. DEPARTMENT OF ENERGY


https://www.energycodes.gov/2022-summer-seminar-series
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Motivation: the buildings sector faces a
confluence of criticalchallenges.

F

/ﬂ\ A deficit of millions of units of attainable housing is

burdening families, workers, and the economy

7

Catastrophic climate change is on the horizon; billion- ,
dollar disasters increased 4X in the last 40 years

iStockphoto

‘ Labor productivity in construction has declined since
r.-B 1968, in contrast to rising productivity in other sectors
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i McKinsey
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ABC

Our approach:
g . ADVANCED BUILDING CONSTRUCTION
Advanced Building Construction (ABC) cosme

ABC refers to retrofit and new construction
solutions that combine:

Energy-efficient
building decarbonization

+

Scalable, streamlined
industrialized construction approaches



Deep energy efficiency has  substantial co - ABC
benefits. cotabraive

X Reduced maintenance
’[ Increased thermal and acoustic comfort

Improved indoor air quality and health outcomes

£\ Resilience, including passive survivability
’f\ Reduced emissions for climate and compliance

Electrical grid stability



Industrialized construction
(IC) can help rapidly deploy
energy-efficient, low-
carbon buildings at scale.

= Only a small percentage of US construction
uses industrialized approaches.

= Yet a large part of the $1.4T+ US construction
market could incorporate IC, which can enable
higher performance, faster deployment,
less disruption, reduced schedule risk,
precise material use and waste reduction,
enhanced QC, technology integration, and
workforce benefits.

But industry and the public sector must
collaborate to achieve this—and codes must
become an enabler, not a barrier!
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ABC

Our Mission: Work with incumbent and emergent e
buildings sector actors to accelerate mainstream
adoption of ABC in service of building decarbonization

while modernizing the US construction industry.

a Technology

./il Demand

= 3M+ net-zero carbon ABC technologies/
@ retrofits per year approaches are used in
= All new construction is at least 25% of
2030 net-zero carbon construction activity

Vision

: Innovative private sector business models,
&l DRI public sector support, and enabling
regulations and codes unlock the market




The ABC Collaborative ’s core activities incorporate

and advance its mission and strategic priorities.

Transacting
Activities
Scaling Support
Empowering
Activities Workforce Innovation
Development Scaling
Foundational

Activities Thought Leadership

Convening

and Education




The Collaborative organizes  convening activities, ABC

ADVANCED BUILDING CONSTRUCTION

including topic -specific Working Groups
The Collaborative’s active Working Groups offer participants ?:;lelj d‘;r;)?;irmilgg
ongoing interactive programming on a range of topics. Coffee Chats and

informational sessions
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Integrated Codes, Embodied Workforce Finance and
Systems and § Permitting, Carbon Risk

Manufacturingj Testing, and
Accreditation

Leads: MMC & Lead: ICC Lead: RMI Leads: RMI & Lead: RMI
Sto Corp. NREL

Management




ADVANCED BUILDING CONSTRUCTION

The Collaborative
se==mm provides thought leadership
S WL to guide industry actors
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ADVANCED BUILDING CONSTRUCTION
g Collahorative
SENE

weccors Lo | iN the Nascent ABC market.
Aﬁg l‘«' ‘ WORKING GROUP 1ei2i?|es or o
COMING SOON! ""?'é BRIEF i of Posgsit::esBandlearrieifor . .
e e RS i Guidance for ABC stakeholders includes:
Report: Res S G | P s BT = ABC Market Insights Report

» Building Stock Characterization Studies (NREL)

» Industry Guidance Report — residential report
expected this fall

» Topical briefs and Working Group outputs

» Topic/stakeholder-specific knowledge shares
and educational sessions

* Insights on ABC opportunities

U.S. Building Stock Characterization Study
A National Typology for Decarbonizing U.S. Buildings

Part 1: Residential Buildings
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Off-Site Construction and the Codes

Ryan M. Colker, Vice President, Innovation

DOE National Energy Codes Conference Seminar Series
October 20, 2022




Why Off-Site Construction?

% @ /@9

QUALITY WORKFORCE ~ SUSTAINABILITY SPEED TO AFFORDABILITY JOBSITE
MARKET SAFETY
MODULAR CONSTRUCTION S(HEDUI.E >

|
slTEI;IEssT:lln-lli:Tmu ﬁi TIME SAVINGS! —>|

Simultaneous site development and
building construction at the plant
reduces schedule by 30% to 50%

DESIGN PERMITS & SITE DEVELOPMENT &
ENGINEERING APPROVALS FOUNDATIONS

BUILDING CONSTRUCTION AT PLANT

SITE BUILT CONSTRUCTION SCHEDULE

PERMITS & BUILDING SITE
APPROVALS CONSTRUCTION RESTORATION







Open vs. Closed Construction

OPEN CONSTRUCTION. A modular building,
modular component or panelized system
manufactured in such a manner that all
portions can be readily inspected at the
building site without disassembly, damage or
destruction thereof.

CLOSED CONSTRUCTION. A modular building,
modular component, or assembly
manufactured in such a manner that all
portions cannot be readily inspected at the
installation site without disassembly, damage
or destruction thereof.




What is Off-Site Construction?

OFF-SITE  CONSTRUCTION. A modular building, modular
component or panelized system which is designed and constructed
in compliance with this standard and is wholly or in substantial
part fabricated or assembled in manufacturing plants for
installation - or assembly and installation - on a separate building
site and has been manufactured in such a manner that all parts or
processes cannot be inspected at the installation site without

disassembly, damage to, or destruction thereof.
- ICC/MBI Standard 1200/1205







Off-Site Construction Regulatory Process

Accredits Certification Agency Accreditation Body
(IAS)

Accredits Lab

State Building
Departments

Test data to Certifier Testing Laboratories R&D Testing
(NTA)

Approves 3rd Party for Modular

3rd Party Material/Component
Supplier (trusses, windows,

wall panels, etc.)

e Certify/Evaluate/List/Audit Materials
Certification Agency Y : SR k

(NTA, ES)

Certifies Plant Quality/Plan Review/Audits l

Supplies Certified Materials

Modular Factory

Inspects final assembly when approved by AHJ

Delivers Modules or Pods

Inspects final assembly/installation Supplies Certified Materials

Local AHJ

Site Assembly




Plan Review
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The Fabrication Process

Phase 0
general
material assembly

Phase 1

floor framing and decking
int./ext. wall framing
“box” mounted to chassis

Phase 2

roof framing/mounting
ceiling attached to “box”
interior partition installation
rough plumbing

Phase 3
sheetrock (walls)
rough electrical (walls)

Phase 4

sheetrock (ceiling)
batt/spray foam insulation
rough electrical

Phase 5

exterior plywood sheathing
rough opening cleanup
general interior cleanup

Phase 6

exterior plastic sheathing
interior finish work
(paint, trim)

Phase 7
finish plumbing
finish electrical
install flooring

Phase 8
install windows
install siding
weatherproof

INTERNATIONAL
CODE
my COUNCIL




INTERNATIONAL

Local Code Officials

THIS INSIGNIA IS THE PROPERTY OF THE

STATE OF COLORADO
‘"“‘e, DIVISION OF HOUSING
\ Q‘; FACTORY BUILT UMIT CERTIFICATION
RS THIS UNIT COMPLIES WITH THE
FACTORY BUILT CONSTRUCTION STANDARDS
OF THE STATE OF COLORADO
MFTR. CERTIFIES ROOF LOAD FOR ____ PSF
PLAN APPROVAL NO. . e
DATE CERTIFICATION NO. F8

li%?

Colorado State Modular Codea Labsl

5TA'I'E OF NORTH CAROLINA
"VAL?.
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117501

Serial No.




COUNCIL®

Regulation of Off-Site Construction o
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Il Third Party Plan Review B Thid Party Plan Review & State Inspection
) &Third Party Inspection I state Plan Review & Third Party Inspection
% Third Party Plan Review & Third Local Plan Review & Local Inspection

Party Inspection - Commercial only

N Third Party Plan Review &Third
Party Inspection- Residential only

I State Plan Review & State Inspection




New Off-Site Construction Standards

ICC/MBI
1200-2021

Standard for Dff-site

https://www.iccsafe.org/offsite

Developed by the
ICC/MBI Off-Site and
Modular Construction
Standard  Consensus
Committee (IS-OSMC)

ICC/MBI Standard
1210 (upcoming)

Mechanical, Electrical,
Plumbing Systems, Energy
Efficiency and Water
Conservation




|ICC/MBI Off-Site Construction Standards

ICC/MBI 1200: Planning, Design, Fabrication and Assembly
“...provide minimum requirements to safeguard the public health,
safety, general welfare and address societal and industry challenges
in multiple facets of the off-site construction process including:
planning, designing, fabricating, transporting and assembling...”

ICC/MBI 1205: Inspection and Regulatory Compliance
“...provide minimum requirements to safeguard the public health,
safety, general welfare and address societal and industry challenges
for the inspection and regulatory compliance of off-site and
modular construction.”




Manufactured Housing
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Solutions for Today’s Challenges

What is Off-Site
Construction?

The process of constructing buildings or components of buildings in a
factory to increase quality, sustainability and job site safety to project
completion over site-building projects. The International Code Council

Primer on Off-Site
Construction, Codes,
Standards and
Compliance

helps project teams and communities unlock the potential of off-site
construction.

WATCH VIDEO

August 2022
www.iccsafe.org

https://solutions.iccsafe.org/offsite




Off-Site Construction Solutions Map

—

Off-Site Construction
Standards/Guidelines

ICC/MBI Standard 1200 for Off-Site
c +orc Planning. Desi
Fabrication, and Assembly
ICC/MBI Standard 1205 for Off-Site

Compliance

ICC G5-2019 for the Safe Use of IS0
Intermodal Shipping Containers
Repurposed as Buildings and Building
Components

Whiat is your role?

REGULATORY MANUFACTURER

OFFICIAL
COMPONENTS THIRD PARTY

AGEMCY

solutions.iccsafe.org/offsite



Adopting ICC/MBI 1200 & 1205

Jurisdictions can adopt now as stand-alone effort or part of
code adoption.
Incorporate into Building Code & Residential Code:
—IBC Section 429 (new)
—|RC Section 301.1.5 (new)
Salt Lake City, UT adopted March 2021

Active efforts in multiple states




“On a large scale, widespread adoption
of the standards effectively reduces
the burden of navigating the current
patchwork of regional regulations and
N R AT promotes industry standardization,

allowing manufacturers to operate
more efficiently and expand their
markets.”

https://advancedbuildingconstruction.org/codes-working-group-
brief-new-off-site-construction-standards/




International Tiny House Provisions

Developed with Tiny Home Industry Association (THIA), Modular
Buildings Institute & Modular Homebuilders Association
Single source of codes, standards & other guidance for tiny
houses 2021 INTERNATIONAL
— Introduction to tiny houses
— Model legislation
— IRC with Appendix AQ integrated including commentary
— HUD Manufactured Housing Standards
— |CC/MBI Standards 1200 & 1205

— References to recreational vehicle standards



Additional Off-Site Resources

INTERNATIONAL
CODE
CouncI®

Facilitating Affordabi
through Standards for

Primer on Off-Site
Construction, Codes,
Standards and
Compliance

Tha s of eff-site conginction is expected 1o incroase significantly as the building indusiry and sodey stnggies io
‘adeeeas kory challenges inchuding the swailabiity of aMoedabie housing, 2 lack of shilod workers, material use snd
gaitainatility, fob sve satety and indusary preduciity.

o consuetion (ikso Salled pat-ab o modler sonstraetion) i Safned by he Hatean inostut of Ebing o

QIr-Sie Congiucion Councd as, “he planning, design, Tabvication and assembly of bulding slemants at @ location other
than theér final instalked Inalmr o S-ODOII Ihe rapid and aff cian con: ction of @ permianant struchune . Such bulksing
whements my b

por he site o e
and then fransporied to their Snal Iocrnn . of odf [ nal
inchading cpen mer Aion, peTrare! versus reocatabh and mansfactured housing

warsus medular heusing varsus tiny homes.

Chogrd CONSMACTIoN Msandg hat the Tnal product cannot be inspectad at the inatallation Sie without dsassemily,
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instance]. Exampies of ciased construction inckade velumatric modales, pods, and o panelized systams.

August 2022
www.iccsafe.org
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Ryan M. Colker, J.D., CAE

Vice President, Innovation

Executive Director, Alliance for National & Community Resilience
EN()TSENATl()NAL International Code Council
COUNCIL® 500 New Jersey Ave., NW, 6% Floor | Washington, DC 20001

202-370-1800x6257 | 202-569-5795

rcolker@iccsafe.org ® ANCR@resilientalliance.org

iccsafe.org e resilientalliance.org

@rmcolker ¢ @ANCResilience
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K. Grosskopf, PhD
University of Nebraska-Lincoln

J. Elliott, PhD and J. Killingsworth, PhD
Colorado State University

I. Blanding and M. Tyler, PE
Pacific Northwest National Laboratory

C. Dennehy, N. Cindrich and S. Pless
National Renewable Energy Laboratory

Kevin.Grosskopf@unl.edu

Buildings XV Gonference

£\
ASHRIE) &OAK RIDGE

National Laboratory

Off-Site Construction (Practices)

Modular Multifamily Construction:
A Field Study of Energy Code
Compliance and Performance

Through Offsite Prefabrication



mailto:Kevin.Grosskopf@unl.edu

Introduction

* Prefabrication in a controlled, factory setting may improve
energy code compliance and energy performance compared to
site-built construction

* Goal 1 - compare key energy code compliance measures of 10 modular
and 10 site-built multifamily buildings under construction

* Goal 2 - compare energy performance (kBtu/sf/yr) of 25 completed
modular multifamily buildings to 120 completed site-built buildings

* Los Angeles (CZ3b), San Francisco (CZ3c), Philadelphia (CZ4a) and
Seattle (CZ4c)

* Title 24, IECC 2015 and 2018



Background

- US| W

* Reduced schedule Added transportation costs
* Reduced weather delays Less adaptable

* Improved productivity and safety * Perception of inferior quality




Background




Compliance - Methods

Data Document  Factory Site
_Category Data Collected Review Inspection _ Inspection

Building Location, gross floor area, conditioned floor area, story height, dwelling units v/

Code Climate zone, code, code year, compliance path v

Roof Assembly type, area, reflectance, insulation type, U-factor, install quality v v

Wall Assembly type, area, orientation, insulation type, U-factor, install quality v v

Window Assembly type, area, U-factor, SHGC, frame type, pane type, WWR v v

Air Barrier  Assembly type, air leakage rate v v

HVAC Equipment type, energy source, capacity, efficiency, unit count, duct location v/ v v

Controls Thermostat type, deadband, setback, ventilation night fan control v v

DHW Equipment type, energy source, capacity, efficiency, unit count, pipe v v v

Controls Temperature, recirculation control, heat trap v v

Lighting Fixture type, fixture wattage, interior/exterior location, LPD v v

Controls Manual, occupancy sensor, dimmer, daylight, photocell, time switch v v




Compliance - Results

Modular (n =11) Sitebuilt (n =9)

Min Max Avg Min Max Avg
Floor Area (GSF) 36,000 536,000 136,000 21,000 689,000 167,000
Story Height 4 7 6 4 9 6
Residential Units 40 410 127 14 363 111

Climate Zone 3 Climate Zone 4

Modular n Sitebuilt n* Modular n Sitebuilt n*
Roof (V) 0.027 4m ©6 0.030 13 0.027 5 0.026 4m 3
Wall (V) 0.050 4m 6 0.051 16 0.046 4= 5 0.049 4
Window (U) 0.29 6 0.29 15 028 @ 7 0.29 8
Window (SHGC) 022 4m 6 0.23 15 0.29 6 0.29 8
Window-Wall Ratio 0.16 4= 6 0.24 7 0.25 5 024 4m 2
HVAC (SEER) 162 4= 9 14.9 7 13.8 6 142 4= 5
HVAC (HSPF) 97 4= 3 9.1 7 10.7 6 117 4= 2
DHW (UEF) 095 4= g 0.89 6 094 4= 4 0.92 2
Lighting (W/sf) 0.28 6 023 = 6 032 4= 5 0.47 1




Performance - Methods

* Energy Star Portfolio Manager

* Annual energy benchmarking data publicly available in each
study region by building type, size, age, etc.

* Energy use by source
* Energy use intensity (kBtu/sf/yr)
* Greenhouse gas emissions



Performance - Results

Modular Sitebuilt
Year Data Avg Avg E- No.of Avg Avg Avg E-

CZ Built Range GSF Site EUI Star Score Bldgs GSF Site EUI Star Score
Mod 1 3B 2013 2017-20 69,111 45.2 58 10 68,658 37.2 74
Mod 2 3B 2017 2020 386,000 40.7 65 10 282,133 38.0 76
Mod 3 3C 2014 2019-20 500,000 30.9 95 10 253,521 38.4 78
Mod 4 3C 2019 2019-20 50,406 56.3 79 7 230,829 25.6 84
Mod 5 3C 2017 2019-20 107,521 51.7 87 10 195,892 29.9 87
Mod 6 3C 2017 2019-20 162,575 27.9 96 10 195,892 29.9 87
Mod 7 3C 2016 2019 66,813 57.1 93 10 122,263 30.6 86
Mod 8 3C 2017 2019-20 198,258 22.2 100 10 248,628 41.6 79
Mod 9 4A 2016 2018-20 65,864 334 78 10 189,307 44.1 62
Mod 10 4A 2012 2016-20 129,330 53.3 81 10 122,523 44.2 65
Mod 11 4A 2019 2020 218,277 15.0 100 7 138,605 32.9 81
Mod 12 4C 2014 2015-20 47,343 30.2 98 10 62,781 38.9 84
Mod 13 4C 2017 2019-20 41,132 24.2 - 5 42,903 31.4 92
Mod 14 4C 2018 2019-20 167,777 22.3 100 10 201,979 27.9 94

Average 157,125 36.4 87 129 167,494 35.0 81




Performance - Results

* Energy performance of site-built (35.0 kBtu/sf/yr) slightly better
than modular (36.4 kBtu/sf/yr)

* Occupant density in modular buildings ~“50% greater than site-
built

* Normalized for occupant density and other energy use factors,
average Energy Star score for modular (87) exceeded site-built

(81)



Air Leakage

Modular units (project 7 460 6.0 0.22
Site-built units (project 11 810 4.7 0.23
Site-built units (project 8 1,975 3.7 0.21

* Cubic feet per minute (cfm) of air leakage per square foot (sf) of unit envelope area.



Conclusions

* Few differences between materials and equipment used in
modular and site-built construction

* Quality controls and installation quality for envelope measures
better on average for modular construction



Conclusions
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Questions?

K.R. Grosskopf
kevin.grosskopf@unl.edu
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Thank You!
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BECP help desk
https://www.energycodes.gov/technical-assistance/help-desk

Building Energy Codes
U.S. DEPARTMENT OF ENERGY
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NECC Seminar Series Lineup

Catch the entire lineup of sessions bi-weekly—Thursdays @ 1p ET:
 8/18: Taking Charge of Climate Change ¢ 10/6: Less is more: Building to Zero

through Stretch Codes Energy, Water and Carbon

 9/8: Energy Codes and Utility Programs: « 10/20: Cracking the Code: Unlocking
The Peanut Butter & Jelly of Energy the Benefits of Off-site Construction
Efficiency

« 11/17: Outside-the-Box Options to
e 9/22: Energy Code Implementation: Advance
Insights from the Field to the Classroom

. https://www.energycodes.gov/2022-summer-seminar-series ﬂ?@
Building Energy Codes

U.S. DEPARTMENT OF ENERGY
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