NIST GCR 15-986-1

Proceedings of the Measurement
Science for Sustainable Construction
and Manufacturing Workshop
Volume I. Position Papers and
Findings

Bilal M. Ayyub

Gerald E. Galloway

Richard N. Wright
University of Maryland

This publication is available free of charge from:
http://dx.doi.org/10.6028/NIST.GCR.15-986-1

ARSIy

: @ A. JAMES CLARK ler
SCHOOL OF ENGINEERING

ﬁith

%SCE%ME &y AIChE ASHHAE

AMERICAN SOCIETY OF CIVIL ENGINEERS * A Institute of Chemical Engin

NIST

National Institute of
Standards and Technology
U.S. Department of Commerce






NIST GCR 15-986-1

Proceedings of the Measurement
Science for Sustainable Construction
and Manufacturing Workshop
Volume I. Position Papers and
Findings

Prepared for

U.S. Department of Commerce

Engineering Laboratory

National Institute of Standards and Technology
Gaithersburg, MD 20899-8600

By

Bilal M. Ayyub

Gerald E. Galloway
Richard N. Wright
University of Maryland

This publication is available free of charge from:
http://dx.doi.org/10.6028/NIST.GCR.15-986-1

February 2015

e\s\T OF CO
&y
QV' \ﬁq{«‘p’;

&,
>3
R
*
<
&
‘§/

&
*
c
Z,
’<\<\
O

STares of v
U.S. Department of Commerce

Penny Pritzker, Secretary

National Institute of Standards and Technology
Willie May, Acting Under Secretary of Commerce for Standards and Technology and Director



This publication was produced as part of Cooperative Agreement 70NANB13H211 with the
National Institute of Standards and Technology. The contents of this publication do not

necessarily reflect the views or policies of the National Institute of Standards and
Technology or the US Government



Organizing Committee

Bilal M. Ayyub, University of Maryland

Robert Chapman, National Institute of Standards and Technology
Joannie Chin, National Institute of Standards and Technology
Gerald E. Galloway, University of Maryland

I. S. Jawahir, University of Kentucky

Josh Kneifel, National Institute of Standards and Technology
Sudarsan Rachuri, National Institute of Standards and Technology
Jelena Srebric, University of Maryland

Richard N. Wright, University of Maryland

Sponsors

National Institute of Standards and Technology

American Society of Civil Engineers (ASCE)

American Institute of Chemical Engineers (AIChE)

American Society of Mechanical Engineers (ASME)

American Society of Heating, Refrigerating and Air Conditioning Engineers (ASHRAE)
University of Maryland

Recommended Citations

Ayyub, B. M., Galloway, G. E., and Wright, R. N. (editors), 2014, Measurement Science for
Sustainable Construction and Manufacturing, Volume 1. Position Papers, University of Maryland
Report to the National Institute of Standards and Technology, Office of Applied Economics,
NIST Grant/Contractor Report 15-986-1, Gaithersburg, MD.

Ayyub, B. M., Galloway, G. E., and Wright, R. N. (editors), 2014, Measurement Science for
Sustainable Construction and Manufacturing, Volume Il. Presentations, University of Maryland
Report to the National Institute of Standards and Technology, Office of Applied Economics,
NIST Grant/Contractor Report 15-986-2, Gaithersburg, MD.



[This page is internationally left blank]

Vi



Chapman, Robert, National Institute of Standards and Technology

Foreword

An environmentally conscious public is increasingly demanding products that are more
sustainable. Manufacturers are seeking to meet the expectations of consumers and the demands
of regulators while becoming more environmentally responsible. For consumers, regulators, and
manufacturers alike, this requires that credible processes be implemented to accurately measure
the environmental impacts of products. As a result, sustainability considerations can drive new
materials and technologies for sustainable products, process innovation for sustainable
manufacturing, and innovation and creativity in supply and value chain operations. Therefore,
progress toward greater sustainability in the built environment and the manufacturing sector is a
necessary step to better enable resource efficiency in our nation.

The National Institute of Standards and Technology (NIST) develops unbiased, state-of-the-art
measurement science that advances the nation’s technology infrastructure and is needed by
industry to continually improve products and services. The mission of NIST’s Engineering
Laboratory is to promote U.S. innovation and industrial competitiveness in areas of critical
national priority by anticipating and meeting the measurement science and standards needs for
technology-intensive manufacturing, construction, and cyber-physical systems in ways that
enhance economic prosperity and improve the quality of life. Sustainability is a recognized
critical national priority—one that requires meaningful and rigorous measurement science for
establishing suitable performance metrics.

To address this need, NIST launched an effort to develop, organize, and convene an invitational
workshop on sustainability to promote the adoption and use of sustainable construction and
manufacturing and guide NIST in developing a portfolio of programs that are focused on
providing the enabling measurement science to key industry stakeholders. The University of
Maryland in collaboration with the American Society of Civil Engineers, the American Society
of Mechanical Engineers, the American Institute of Chemical Engineers, and the American
Society of Heating, Refrigerating and Air-Conditioning Engineers undertook and performed that
effort. The workshop was organized around four cross-cutting themes: (1) measurement science;
(2) systems; (3) planning, design, and supply chains; and (4) economic, environmental, and
social aspects. Plenary session presentations were commissioned covering each of the four
cross-cutting themes. The plenary session presentations set the stage for focused breakout
sessions organized around the four cross-cutting themes. Workshop participants were assigned
to the breakout sessions in a manner that facilitated discussions among the key stakeholder
groups represented at the workshop. The breakout sessions were co-facilitated by each theme’s
plenary speakers, which provided a firm base from which to develop a snapshot of the current
state-of-the-art in that topic area, as well as identify gaps and research opportunities. Change
agents were also identified for key stakeholder groups in industry, academia, government,
standards development organizations, and hardware and software developers.
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The results of the workshop breakout sessions presented herein provide a path forward for key
stakeholders. These results are augmented by short, executive summary papers from workshop
participants that lay out the challenges and opportunities associated with the increased use of
sustainability-related products and processes in their areas of expertise within the construction
and manufacturing industries. Thus, this report provides the elements of a roadmap useful not
only for NIST but for other key industry stakeholders on potential opportunities for their
sustainability-related research, development, and deployment efforts.

The workshop provided many useful insights for NIST as it moves forward with its portfolio of
programs focused on sustainability-related research. Specifically, the four cross-cutting themes
resonate with NIST’s vision for the future, which is itself evolving around several cross-cutting
themes. These include: innovative materials and the new classes of products they enable;
additive manufacturing; distributed energy generation associated with net-zero energy, high-
performance buildings and their interactions with the electric power grid; and the promise that
systems-based sustainability thinking has for increased resilience to natural and man-made
disasters.

The material contained in this report will promote an increased awareness of sustainability-
related issues—both challenges and opportunities—in the construction and manufacturing
industries. The report identifies definitional and methodological disconnects and analyzes them
from a systems perspective. The report also identifies barriers to the increased use of
sustainability-related products and processes in the construction and manufacturing industries
and recommends actions for NIST and others to address these barriers.
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Harary, Howard, National Institute of Standards and Technology

Preface - Opening Remarks

Good morning. I’m very pleased to welcome you all to this Workshop on Measurement Science
for Sustainable Construction and Manufacturing, jointly hosted by NIST, ASCE, ASME, and the
University of Maryland.

At NIST, our mission is to promote U.S. innovation and industrial competitiveness by advancing
measurement science, standards, and technology in ways that enhance economic security and
improve our quality of life. Since our inception -- in addition to maintaining the more traditional
National physical standards -- we have also focused a significant portion of our research and
measurement services activities on addressing contemporary societal needs, such as
sustainability.

Sustainability is a term that is used frequently these days -- perhaps even over-used. And
multiple definitions exist. One of the more frequently quoted definitions -- originating from the
Brundtland Report -- focuses on the concept of “meeting the needs of the present without
compromising the ability of future generations to meet their own needs.” We might all agree
that incorporating a concept of sustainability into construction and manufacturing is valuable. If
you didn’t, you probably wouldn’t be here today. But how is this conceptual definition to be
operationalized? We contend that a critical, even foundational step, in operationalizing the
concept of sustainability requires that we develop meaningful, science-based measurements for
characterizing suitable sustainability metrics for lifecycle considerations. Sustainability issues
occur at all scales, and in all sectors. It is fundamentally a systems level challenge, in which all
consequences, trade-offs, and synergies in economic, environmental, and social domains must be
considered.

A little bit of history. The Engineering Laboratory -- and its predecessor organizations -- has
conducted sustainability-related research for well over 20 years. One of our better-know
products is BEES, that stands for Building for Environmental and Economic Sustainability.
BEES enables a science-based evaluation of the environmental performance of building
materials and products across 12 environmental attributes. It also includes cost information to
promote more cost-effective decision making. We are currently expanding the BEES concept to
BIRDS, that stands for Building Industry Reporting and Design for Sustainability, which enables
the analysis of whole building characteristics, including the calculation of carbon footprints.

Here at NIST, our research on sustainable manufacturing has two broad thrusts. The first is
concerned with developing science-based methodologies for characterizing, analyzing, and
assessing the sustainability of individual manufacturing processes. The second focuses on
development of a framework that will combine sustainability measurements for individual
manufacturing processes into a generic information model with the ability to track the
sustainability performance of all of the processes in a manufacturing network. This information
model will allow industrial managers to analyze sustainability performance throughout an entire
supply chain.



On another front of the sustainability issue, the NIST Net-Zero Energy Residential Test Facility
IS being used to demonstrate that a desirable residential house can produce as much energy from
renewable energy resources as it consumes on an annual basis. | am pleased to report that as of
June 3rd, as we enter the final month of the year-long trial, the NIST Net-Zero Energy

Residential Test Facility had already achieved the net-zero energy goal; it is now a net producer.

Despite our experience and history with sustainability issues, we are not optimally equipped to
address the crosscutting nature of sustainability. Moreover, those crosscuts are often the crucial
points where progress can be made, and generally involve agencies and organizations at levels
other than federal.

The objective of these next two days is to engage all of you in utilizing your combined expertise
to critically think about the measurement science needed to guide decisions for sustainability
throughout the life cycle of design, construction/manufacturing, operations, and even
maintenance of facilities and systems of the built environment and manufactured products.
These outcomes will inform NIST, and guide NIST and other key stakeholders, in developing a
portfolio of inter-related programs that will ultimately help promote the use of sustainable
manufacturing and construction practices. You have all been invited here to participate because
we believe you are in a position to make significant contributions to key issues in sustainable
construction and manufacturing. We are very pleased to have with us a number of national and
international thought leaders and experts from the construction and manufacturing domains,
including codes and standards development organizations, industry, and academia.

I would like to thank all of you for taking time away from all of your other responsibilities to be
here, and take on the challenge of identifying the critical measurement science gaps in
sustainable construction and manufacturing. Many thanks also to our workshop partners at the
University of Maryland, ASCE, and ASME for all of the hard work that went into planning and
organizing this event. Once again, welcome. | greatly look forward to hearing about the
outcomes of your work.



Ayyub, Bilal M., Galloway, Gerald E., and Wright, Richard N., University of Maryland

About the Workshop on Measurement Science for Sustainable
Construction and Manufacturing

1. Background

Achieving long-term suitability poses a linked-systems challenge for policy makers to assess the
consequences, trade-offs and synergies in economic, environmental and social domains. A
sustainable society can be defined as the one that can thrive over generations; one that is far-
seeing enough, flexible enough, and wise enough not to undermine its economic, environmental
and social systems of support. A major need for achieving sustainable construction and
manufacturing is to establish meaningful measurements for the complex attributes of
sustainability suitable for lifecycle considerations. What one can measure, one can manage.
NIST, ASCE, ASME and the University of Maryland are hold this workshop to address this
challenge.

2. Objectives

The objective of the workshop was to examine the measurement science needed to guide
decisions for sustainability throughout the life cycle of design, construction/manufacturing,
operations, and maintenance of facilities and systems of the built environment and manufactured
products, and to guide NIST and other key stakeholders in developing a portfolio of related
programs. The workshop engaged key international and domestic thought leaders and experts
from stake-holding disciplines including construction, manufacturing, codes and standards
development, economics, government, industry, and academia, and addressed trends and needs
relating to sustainable construction and manufacturing. The results from this effort are
documented herein in coordination with NIST, ASCE and ASME.

3. Discussion Topics

Discussion topics included:
e Measurement science (definition, standards, metrics, indicators and ratings)
e Systems (aggregation, linkages, system of systems, sustainability-resilience synergy and
interdependencies)
e Planning, design and supply chain (lifecycle analyses and treatments, and material and
energy efficiency), or
e Economic, environmental and social aspects (valuation, impacts and behavior).

4. Participants
The workshop was attended by about 77 people. A complete list is provided in Appendix A.
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5. Agenda

Day 1: June 12, 2014

Time Topic Duration Room Speakers
8:00-8:30 Breakfast
Welcome and Introduction Darryll Pines, Dean, School of Engineering, Un. Maryland (UMD)
Opening remarks Howard Harary, Acting Director, Engineering Laboratory, NIST
Bilal Ayyub, Director, Center for Technology & Systems Management,
8:30-9:00  |Symposium program 30 ASCE vy BY & 5y g
CEE Professor, UMD
i i . i Nabil Nasr, Associate Provost for Academic Affairs & Director of Golisano
Perspectives on sustainability for the Nation R L R
Institute for Sustainability, Rochester Institute of Tech., NY
. i William Flanagan, Director, Ecoassessment Center of Excellence, GE
9:00-9:25 Sustainable manufacturing 2045 ASCE X
Global Research, General Electric Company
9:25-9:50  [Sustainable construction 20+5 ASCE Nancy Kralik, Fluor and Construction Industry Institute
9:50-10:00 Break 10
Subhas Sikdar, Associate Director for Science, National Risk Management
10:00-10:2f i ili ics- i 17+ ASCE
0:00-10:20 [Sustainability metrics-measurement science 3 SC Research Lab, EPA, and AIChE
10:20-10:40 |[System sustainability: aggregation & linkages 17+3 ASCE Joseph Fiksel, Director, Center for Resilience at The Ohio State Un.
10:40-11:00 [Planning, design and supply chain 17+3 ASCE Giil Kremer, Professor, Industrial & Manufacturing Eng., Penn State
Cliff Davidson, Director, Center for Sustainable Engineering, Thomas and
11:00-11:20 [Economic, environmental and social aspects 1743 ASCE X ! ustal . R 8! g
Colleen Wilmot CEE Professor, Syracuse University
11:20-12:40 |Quantified Urban Community at Hudson Yards 17+3 ASCE Constantine E. Kontokosta, NYU Polytechnic School of Engineering
Population and Carrying Capacity: Metrics for Eugenia Kalnay, NAE, Distinguished University of Maryland Professor of
11:40-12:00 R . 1743 ASCE . . i
Sustainability Atmospheric and Oceanic Science
12:00-1:00 Hosted Lunch (sandwiches) 60
Perspectives on sustainable construction and 108 ASCE Gerald Galloway (Moderator), NAE, Glenn L. Martin Institute Professor
manufacturing of Engineering, UMD
Implementation and challenges for metrics 15+3 ASCE David Dise, Director of General Services, MD Montgomery County
A Case study on the role of metrics 15+3 ASCE Fulya Kocak, Clark Construction Group, Bethesda, MD
Joe Cresko, Lead internal analysis and strategic planning, Advanced
Perspectives of a federal agency on metrics 15+3 ASCE . . v gicp 8
1:00-2:48 Manufacturing Office, DOE
' ’ I. S. Jawahir, Director, Institute for Sustainable Manufacturin
Metrics for sustainable products and process 15+3 ASCE . . . &
James F. Hardymon Chair, University of Kentucky
. i i James Dalton, Chief, Engineering and Construction, Directorate of Civil
Perspectives of owner and builder on metrics 15+3 ASCE
Works, USACE
i . . Bohumil Kasal, Director of Fraunhofer Institute at Braunsweig, Germany
International perspectives on metrics 15+3 ASCE . i X R
and Professor at the Technical University of Braunschweig
2:48-3:00 Break 12
Richard Wright (Moderator, Research Professor, UMD), Michele Russo
. (McGraw Hill/ENR), Chris Pyke (US Green Building Council), William
3:00-4:00 Panel 1- Perspectives from users 60 ASCE X i .
Bertera (Instit. for Sustain. Infrastructure), William Flanagan (General
Electric Company)
Jelena Srebric (Moderator, Professor, UMD), Nabil Nasr (Rochester
4:00-5:00 Panel 2- Perspectives from researchers 60 ASCE Institute of Tech), Damon Fordham (TRB), Andrew Persily (NIST), Subhas
Sikdar (AIChE/ EPA)
5:00-5:15 Second day breakout sessions 10 ASCE Richard Wright, NAE, Research Professor, UMD (NIST retired)
6:00-8:30 Hosted Dinner (participants seated per breakouts) 150 Ballroom A |Joannie Chin, Acting Deputy Director, Engineering Laboratory, NIST
Day 2: June 13, 2014
Time Topic Duration Room Speakers
8:00-8:30 Breakfast
8:30-8:45 Getting oriented and allocated to breakout sessions 15 ASCE Gerald Galloway, UMD
8:45-9:45 Breakout 1: Measurement science 60 CH2MHill  |Co-moderators: I. S. Jawahir and Subhas Sikdar
8:45-9:45 Breakout 2: Systems 60 Harris Co-moderators: Joseph Fiksel & John Carberry (affiliation, invited)
. . . . Co-moderators: Nabil Nasr (Rochester Instit. of Tech) and Fazleena
8:45-9:45 Breakout 3: Planning, design and supply chain 60 President
Badurdeen (U. Kentucky)
8:45-9:45 Breakout 4: Economic, environmental and social aspects 60 ASCE Co-moderators: Cliff Davidson and William Flanagan
9:45-10:00 Break 15
10:00-11:00 |Breakout 1: Measurement science 60 CH2MHill  |Co-moderators: I. S. Jawahir and Subhas Sikdar
10:00-11:00 |Breakout 2: Systems 60 Harris Co-moderators: Joseph Fiksel & John Carberry (affiliation, invited)
. . . . Co-moderators: Nabil Nasr (Rochester Instit. of Tech) and Fazleena
10:00-11:00 ([Breakout 3: Planning, design and supply chain 60 President
Badurdeen (U. Kentucky)
10:00-11:00 [Breakout 4: Economic, environmental and social aspects 60 ASCE Co-moderators: Cliff Davidson and William Flanagan
11:00-11:15 Break to regroup 15
11:15-12:15 [Summaries of breakouts 1, 2, 3and 4 60 ASCE By Co-moderators, report requirements (facilitor Richard Wright, UMD)
12:15-12:30 |Expected products and adjournment 15 ASCE Bilal Ayyub, UMD




Disclaimer and Limitations

This report was prepared for the National Institute of Standards and Technology (hereafter
referred to as NIST) as the primary sponsor, and the American Society of Civil Engineers
(hereafter referred to as ASCE), the American Society of Mechanical Engineers (hereafter
referred to as ASME), the American Institute of Chemical Engineers (hereafter referred to as
AIChE) and the American Society of Heating, Refrigerating and Air Conditioning Engineers
(hereafter referred to as ASHRAE) by the Center for Technology and Systems Management of
the University of Maryland and its associates and subcontractors (hereafter referred to as the
UMD). Although this product was prepared using the best available resources, NIST, ASCE,
ASME, AIChE and UMD do not make any warranty, expressed or implied, or assume any legal
liability or responsibility for the accuracy, completeness, or usefulness of any information,
apparatus, product or process disclosed, or represent that its uses would not infringe on privately
owned rights. Reference herein to any specific commercial product, process, or service by trade
name, trademark, manufacturer, or otherwise does not necessarily constitute or imply its
endorsement, recommendation, or favoring by NIST, ASCE, ASME, AIChE, ASHRAE and
UMD. Opinions expressed in this report are personal opinions of the participants and do not
reflect the opinions of the respective employers of the participants.
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