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a  b  s  t  r  a  c  t

This  paper  explores  the  role  of international  partnerships  to facilitate  low-energy  building  design,  con-
struction,  and  operations.  We  briefly  discuss  multiple  collaboration  models  and  the  levels  of impact  they
support.  We  present  a case  study  of one  collaborative  partnership  model,  the  Scientific  Planning  Support
(SPS)  team.  Staff  from  the  Lawrence  Berkeley  National  Laboratory,  the  Austrian  Institute  of  Technology,
and  Nanyang  Technological  University  formed  the  SPS  team  to provide  design  assistance  and  process
support  during  the design  phase  of a low-energy  building  project.  Specifically,  the  SPS  team  worked  on
the  CleanTech  Two  project,  a tenanted  laboratory  and  office  building  that  seeks  Green  Mark  Platinum,
the  highest  green  building  certification  in  Singapore.  The  SPS  team  hosted  design  charrettes,  helped  to
develop  design  alternatives,  and  provided  suggestions  on the  design  process  in  support  of  this  aggressive

energy  target.  This paper  describes  these  efforts  and  discusses  how  teams  like  the  SPS team  and  other
partnership  schemes  can  be  leveraged  to achieve  high  performance,  low-energy  buildings  at  an  inter-
national  scale.  Specifically,  it discusses  how  international  institutional  partnerships  build  capacity  for
low-energy  design,  challenge  the  status  quo  for building  design,  and  Q4create  new  resources  in  support  of
energy  savings  on the order  of 40%.

© 2014  Published  by  Elsevier  B.V.
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. Introduction

Design assistance partnerships often contribute to capacity
uilding and “out of the box” thinking that in turn facilitates
nergy savings. Design assistance partnerships also contribute to
nowledge transfer and challenging the status quo for design and
peration of commercial buildings (U.S. DOE, 2011). In particular,
esign assistance teams may  be most effective on high-energy-

ntensity buildings, where operational requirements may  eliminate
ome ‘typical’ low-energy strategies and technologies (e.g., higher
emperature setpoints, common in low-energy office buildings,

ay  not be possible in laboratory settings). Design assistance
Please cite this article in press as: Parrish, K., et al. The role of internati
design: A case study. Sustainable Cities and Society (2014), http://dx.do

eams can review literature and provide institutional knowledge to
roaden the range of low-energy solutions considered for a given
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project, increasing the likelihood that energy savings will be real-
ized.

This paper briefly describes several international collaboration
models that support low-energy, high performance buildings. In
particular, these collaborations may  be most effective in Brazil,
Russia, India, and China, where economies and energy demand con-
tinue to rise (U.S. EIA, 2011). In fact, the U.S. Energy Information
Administration (U.S. EIA) forecasts international energy demand
will increase 53% from 2008 to 2035, with most of the growth
attributable to non-Organization for Economic Cooperation and
Development (non-OECD) countries (2011). Non-OECD countries,
India and China in particular, represent a unique opportunity
because much of the infrastructure is new. Thus, builders can design
and construct energy-efficient commercial and residential build-
ings from the outset, rather than retroactively creating policies
and technologies to manage exorbitant consumption (e.g., Banerjee
& Solomon, 2003; Geller, Harrington, Rosenfeld, Tanishima, &
onal institutional partnerships in delivering low-energy building
i.org/10.1016/j.scs.2014.05.007

Unander, 2006).
Glasbergen and Groenenberg (2001) explain international col-

laboration is often required to solve international problems, like
climate change. Tae and Shin (2009) reaffirm this view and
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numerate other benefits of international partnerships and
ollaborations, particularly for low-energy buildings, including
pportunities to adapt international policy and standards to a
ocal context and educational opportunities. To the former point,
hilakaratne and Lew (2011) cite the prevalence of LEED in Asia, in
ndia and China in particular, and suggest that Asian countries may

ant to work with U.S. collaborators to develop their own green
uilding rating systems that address the unique climate needs of

ndividual Asian countries. Finally, to the latter point, Kua and Lee
2002) highlight educational benefits of international partnerships
nd collaborations centered on low-energy buildings, especially
hen collaborations include exchange programs and face-to-face
eetings. These studies highlight the superior energy performance

f buildings developed with international collaboration, suggest-
ng that these collaborations support low-energy building designs.
owever, the studies do not list the energy savings attributable

o the partnership itself, as this causal relationship is more diffi-
ult to identify or quantify than the energy savings due to specific
fficiency features in a building.

While most research describes the benefits of international
artnerships for low-energy building projects, it also cautions of
otential difficulties and drawbacks associated with such partner-
hips. For instance, Glasbergen and Groenenberg (2001) caution
hat international partners may  not have sufficient understanding
f the cultural and policy context in the country they work in. Iwaro
nd Mwasha (2010) further explain that architecture-engineering-
onstruction professionals often form international partnerships
o complete low-energy building projects in developing countries,
here building energy data may  be lacking. The partners may
ecide to address this lack of data by using data from developed
ountries. Iwaro and Mwasha argue this may  not be appropri-
te, as the only available data may  be from developed countries
hat use different building materials and systems than may  be
ommon in the developing world. In general, however, literature
upports the notion that international partnerships facilitate low-
nergy buildings; in fact, literature often suggest such partnerships
o address technical and non-technical barriers to achieving energy
fficiency in buildings (e.g., Glasbergen & Groenenberg, 2001; Iwaro

 Mwasha, 2010; Kua & Lee, 2002).
This paper presents the experience of one international team

orking on a low-energy building project in Singapore. Thus, we
lassify this research as case study research (e.g., Yin, 2008). Specifi-
ally, we classify this as a Type 2 case study (p. 46), as we describe a
ingle case but discuss multiple phenomena associated with this
ase study, including energy efficiency measures and roles and
esponsibilities of the collaborative team. We  present one interna-
ional partnership model, known as a Scientific Planning Support
SPS) team, in detail. We  discuss the SPS experience on a case study
roject in Singapore. Specifically, we discuss the composition and
ole of the SPS team and how their outputs contributed to the design
f a low-energy laboratory building. We  further discuss the ben-
fits of SPS teams and suggest where these may  be strategically
eployed.

. International partnership and collaboration models

Collaboration models for buildings research and development
R&D) span a spectrum from potential public-private/domestic and
nternational partnerships. Fig. 1 shows different levels of collab-
ration models, ranging from multi-lateral programs, which are
roadest in terms of impact, to institutional collaborations, which
Please cite this article in press as: Parrish, K., et al. The role of internati
design: A case study. Sustainable Cities and Society (2014), http://dx.do

re narrowest in terms of impact, but may  be the deepest in terms
f savings achieved. The benefits from these collaboration models
re many. Firstly, an international team can offer unbiased, scien-
ific, innovative, and effective solutions to drive energy efficiency

158
Fig. 1. Three levels of building energy efficiency collaboration models.

with an unprecedented speed and scale (e.g., CBERD, 2014; Hong
et al., 2013). Secondly, collaboration models that draw upon global
expertise support knowledge transfer through lessons learned and
insights, which in turn facilitate “leaps and breaks” in building
energy efficiency for the host country (e.g., CBERD, 2014). The latter
may be more effective as game-changing advances in the field of
building energy efficiency compared to incremental improvements
through only in-country approaches. Thirdly, complementarity in
learning through bi-lateral or multi-lateral R&D can create a pow-
erful and synergistic approach that supports a mutual evolution of
building energy efficiency in the collaborating countries.

Multi-lateral programs in energy-efficiency offer an effective
means for regional or global-scale collaboration. For instance, the
Lawrence Berkeley National Laboratory (LBNL) participates in the
Climateworks Global Buildings Performance Network, an orga-
nizational partnership between the U.S., E.U., China, and India
for mutually beneficial work in building energy codes and labels
(GBPN, 2013). Similarly, through the Clean Energy Ministerial, LBNL
is advancing technical expertise in energy efficient appliances to
spur the transition to clean energy in 23 countries (Energetics Inc.,
2014).

Governments may  also form partnerships that may  have
wide-ranging policy implications within the partner countries.
For instance, LBNL is leading two  bilateral programs—initiated
through Memoranda of Understanding at the national government
level—where researchers and design experts from both countries
collaborate to push the envelope for building energy-efficiency.
The first, the U.S.-China Clean Energy Research Center for Building
Energy Efficiency (CERC-BEE) seeks to build a foundation of knowl-
edge, technologies (e.g., Liu, Lu, Cai, & Chen, 2013), tools, human
capabilities, and relationships that position the United States and
China for a future with very low energy buildings resulting in
very low CO2 emissions (Hong et al., 2013). This collaboration has
strengthened the capabilities of Chinese institutions to promote
energy efficiency. Moreover, as this collaboration proves fruitful at
the building level, both parties are shifting their focus to scaling up
energy efficiency to the city level through the China Low-Carbon
Cities and Eco-cities programs.

The U.S.-India Joint Center for Buildings Energy Research and
Development (CBERD) program represents a second example of
government-level collaboration. This project, recently awarded to
LBNL under the auspices of the U.S.-India Partnership to Advance
Clean Energy (PACE), seeks to draw upon the complementarity
of R&D partners’ experience and knowledge to deliver strategies
for building lifecycle performance assurance while emphasizing
onal institutional partnerships in delivering low-energy building
i.org/10.1016/j.scs.2014.05.007

solutions that leapfrog transitional technologies. In India, these
solutions would be for new construction since two-thirds of
the commercial building stock is still to be built, while in U.S.
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hese would be pertinent the commercial building retrofit market
CBERD, 2014).

Finally, the most granular of the collaboration models, institu-
ional partnerships, can take multiple forms, ranging from formal
elationships with memoranda of understanding, to joint research
enters, to service-learning opportunities for students. Each of
hese offer unique opportunities for efficiency gains, education, and
mpact. For instance, formal relationships typically center around

 specific project and achieve deep savings on that project. Joint
esearch centers may  target a city-level impact and work across
rojects to deploy specific strategies or technologies and prove
heir effectiveness. Finally, service-learning opportunities typically
ocus on education as the first priority, and may seek efficiency as

 second priority (Pearce & Russill, 2005).
The partnership we describe for the case study project presented

n this paper represents a formal partnership at an institutional
evel, with deep, long-term collaborations on specific projects (e.g.,
he CleanTech Two, CTT, project described later in this paper). Such
artnerships help in developing trust and solidifying relationship
uilding at the institutional and personal levels. These can lead to
esults larger than the project itself, such as interest in developing
est practices for highly energy-efficient, high-performance build-

ngs. For instance, the Smart Lab concept developed for the CTT
uilding (discussed in Section 4.3) sparked Singapore’s interest in
eveloping a full-fledged Green Mark (BCA, 2010) rating system for
ropical lab buildings. Other methods for institutional relationship
uilding include researcher exchanges at educational institutions
r national labs, shorter-term collaborations such as conducting
oint workshops, or even writing collaborative reports.

. Case study background: CleanTech Two Project

CleanTech Two (CTT) is the second building in CleanTech Park,
ingapore. JTC Corporation, a government-owned contracting com-
any, is developing the building, and indeed CleanTech Park, as part
f a partnership with Singapore’s Economic Development Board
EDB) to attract “a core nucleus of cleantech activities to serve as an
picenter for research, innovation and commercialization in clean
echnology” (EDB, 2012). CleanTech Park is intended to serve as

 large-scale integrated “living laboratory” for test bedding and
emonstration of system-level clean technology solutions.

In the press release announcing the building’s groundbreaking,
TC Corporation (2012):

CleanTech Two will be specially configured to support research
and prototyping activities that require heavier loadings, higher
height clearances and greater electrical power requirements. In
addition, in order to cater to the growing demand for cleantech
incubation facilities, CleanTech Two will feature fitted labora-
tories and offices.

CTT is a 22,300 m2 core and shell building intended for multi-
enanted office and laboratory use. The design team developed an
nergy efficient concept and included renewable energy plans in
upport of the Green Mark Platinum certification goal. In particular,
esigners focused on daylighting, natural ventilation, and building
rientation to manage energy demand. The space will be rented
o various tenants, with the Advanced Remanufacturing Research
enter (ARTC) acting as the anchor tenant for the space and occu-
ying the ground floor and potentially the first and second stories
Ong, 2012).
Please cite this article in press as: Parrish, K., et al. The role of internati
design: A case study. Sustainable Cities and Society (2014), http://dx.do

. Scientific Planning Support (SPS) team description

Nanyang Technological University (NTU) and the Austrian Insti-
ute of Technology (AIT) conceived the Scientific Planning Support

254

255
Fig. 2. Roles of the SPS team members on the CleanTech Two  project.

(SPS) team as a partnership that would support achieving aggres-
sive energy targets. We  describe the composition of the SPS team,
their role and outputs in the context of the CTT project in the fol-
lowing sections.

4.1. Roles of SPS team members on CleanTech Two (CTT)

The Scientific Planning Support (SPS) team comprises three enti-
ties on the case study considered: Nanyang Technology University
(NTU) in Singapore, the Lawrence Berkeley National Laboratory
(LBNL) in the United States, and the Austrian Institute of Technology
(AIT) in Austria. Fig. 2 illustrates the roles of each of these entities
on the CTT project. NTU serves as a liaison with JTC in Singapore,
as well as with other members of the SPS team. Moreover, NTU has
experience with local best practices for energy-efficient buildings.
LBNL provides expertise in U.S. best practices for energy-efficient
buildings, developing design concepts relating to low-energy labo-
ratories and windows as well as indoor environmental quality, and
measurement and verification (M&V) strategies for CTT. LBNL was
also responsible for facilitating early charrettes and workshops to
align designers, builders, and the SPS team around a common set of
project goals. Finally, AIT provided technical expertise in European
best practices for energy-efficient buildings, in the form of devel-
oping design alternatives and providing input on LBNL-developed
design alternatives. AIT’s primary role, however, was to develop
simulation capacity at NTU, which took the form of training NTU
researchers to build simulation models of the CTT building. Simu-
lation results informed decision-making on the project, especially
in terms of how various alternatives contributed to the building’s
Green Mark energy performance target (BCA, 2010).

Information flowed freely between SPS team members through
the team’s SharePoint site. NTU interfaced with the CTT design team
to collect information for simulations and other design tasks and
then made this information (e.g., project narratives and drawings)
available to the SPS team via SharePoint. The SPS team also con-
ducted weekly meetings via Skype or ReadyTalk and enabled screen
onal institutional partnerships in delivering low-energy building
i.org/10.1016/j.scs.2014.05.007

sharing as required to support shared understanding across the SPS
team.
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design teams conducted iterative and climate-based evaluations
of these technologies, examining life cycle costs and performance,
cost-effectiveness, durability, and efficiency of maintenance. Simu-
lation tools (including energy simulation, daylight simulation, and

Table 1
A sample of explored and proposed technologies for the iSpace.

Technologies explored Other technologies considered

Low energy fume hoods Wireless sensor networks
IAQ dash boards Under-floor ventilation
Stratified cooling DC powering
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.2. Role of SPS team on CleanTech Two (CTT) building

The SPS role varied over three phases of CTT design, namely,
onceptual and schematic design, design development, and
onstruction documents. With each successive phase, more respon-
ibility was transferred to NTU, while LBNL and AIT transitioned to
behind-the-scenes” roles, supporting the project on an as-needed,
ather than continual, basis. Note the project phases for the CTT
roject are the same as for any other project; however, the role of
he SPS team was unique, and this section describes the SPS role
ver the course of the project.

.2.1. SPS role during Phase 1 (conceptual/schematic design)
The SPS Team was hired by JTC Corp. to “push the envelope”

f energy savings for CTT. Though JTC committed to Green Mark
latinum as a goal early, they wanted to achieve this target with
nnovative technological and operational strategies, in support of
he “living laboratory” concept for CTT. By bringing in international
xpertise, JTC sought to broaden the range of design alternatives
onsidered.

Fig. 3 illustrates how the SPS team engaged in different phases
f the design process. During goal setting, the SPS team worked
o translate the Green Mark performance goal into a numeric
oal. The SPS team also worked with the design team to adopt an
ntegrated approach to building system design. Thus, rather than
etting system-level energy goals, the design team maintained flex-
bility and opted to make certain systems more or less efficient
epending on design, construction, or operational constraints. For

nstance, JTC wanted to offer tenants great flexibility through a
lug load capacity of 1000 kW/m2, so the design team created an
ggressive daylighting plan to offset the large plug loads. During
nalysis and development (aka, conceptual/schematic design), the
PS team reviewed international best practices to develop a set
f design recommendations for CTT. Promising energy efficiency
easures (EEMs) were simulated to predict their impact on CTT’s

nergy consumption. Though many international best practices
ere reviewed and considered for inclusion in the project, perhaps

he richest dataset was from the Laboratories for the 21st Cen-
ury (Labs 21) toolkit that described different low-energy strategies
nd technologies for laboratory buildings (Labs21, 2008; Mathew,
artor, Van Geet, & Reilly, 2004). Once literature and best practices
ere reviewed, the SPS suggested specific EEMs for inclusion in the
roject. All Labs 21 EEMs remained as considerations, since these
ere in some sense pre-customized for the CTT building type. Addi-

ionally, EEMs focused on reducing energy consumption in the air
onditioning and mechanical ventilation (ACMV) end use and the
quipment load end use were maintained, as these were projected
o be the largest energy consumers on the CTT project. Finally,
he SPS team emphasized the role of Measurement and Verifica-
ion (M&V) for maintaining energy savings over time (e.g., Brown,
nderson, & Harris, 2006; Mills & Mathew, 2009).

.2.2. SPS role during Phase 2 (design development)
During Phase 2, the SPS continued their simulation efforts based

n the design team’s preliminary design for CTT. Further, the SPS
eam assisted JTC in comparing alternative EEMs. Finally, the SPS
eam completed their design analysis, based on the preliminary
esign from the design team. The SPS team presented these results
nd discussed them with JTC and the design team in two design
eview events during Phase 2, namely the Computational Fluid
ynamics (CFD)/Energy Simulation Review presentation and the

econd SPS Design Charrette (the first was part of Phase 1).
Please cite this article in press as: Parrish, K., et al. The role of internati
design: A case study. Sustainable Cities and Society (2014), http://dx.do

Beyond specific work on the CTT project, Phase 2 also included
n exchange program between NTU and AIT to seamlessly trans-
er the technical expertise and knowledge regarding CFD, energy

odeling, and energy simulation from AIT to NTU. This exchange
 PRESS
nd Society xxx (2014) xxx–xxx

program supports preparing NTU—the primary project executer for
Phase 3—to better perform the tasks required for Phase 3.

4.2.3. SPS role during Phase 3 (construction documents)
Starting from the results of Phase 2, Phase 3 focuses on

developing construction documents (the final stage of the design
development domain). Specifically, the SPS team (largely repre-
sented by NTU) further developed detailed analysis to determine
the optimal set of design options (multiple concepts were devel-
oped in Phases 1 and 2) and finalize the technologies for CTT’s public
demonstration space, the iSpace.

4.2.3.1. Building design optimization. In Phase 3, NTU conducted a
series of iterative design analyses to describe design scenarios and
their merits to assist the design team in developing an optimal
design solution that meets all required criteria (e.g., energy and
cost constraints). These scenarios include a baseline building design
and a set of alternatives with variation from that baseline. NTU
selected the simulation tools (e.g., TRNSYS, eQUEST, COMFEN, and
FLUENT) to perform a series of analyses based on the JTC-prescribed
performance indicators for various building systems. (Note these
performance indicators are in flux at the time of this publication,
and are thus not presented here.) The results of these analyses allow
JTC, and the design and SPS teams to better understand the predom-
inant building loads within each scenario and the whole-building
performance of each scenario. Finally, the SPS team worked with
JTC to develop a green lease during this phase as a means of opti-
mizing building performance. Green leases “align the financial and
energy incentives of building owners and tenants so they can work
together to save money, conserve resources, and ensure the effi-
cient operation of buildings” (GreenLeaseLibrary. & com, 2012). JTC
views the green lease as a means of optimizing building perfor-
mance: the lease supports energy efficient behavior and, in turn,
the Green Mark performance target. NTU worked with JTC to ensure
efficiency requirements in the green lease are readily implemented
in Singapore without a drastic increase in capital cost.

4.2.3.2. iSpace technologies. At the first design charrette, the SPS
team proposed 20% of the CTT building implement advanced tech-
nologies to illustrate their effectiveness in Singapore. Essentially,
this innovative space (iSpace) will serve as a demonstration facility
for future low-energy, high-performance buildings in Singapore.
The iSpace includes interior and exterior areas, as low-energy
strategies and technologies exist for both space types. The SPS team
and the design team proposed a number of iSpace technologies.
Table 1 lists some of the technologies explored and proposed for
the iSpace. Items listed in the “Other Technologies Proposed” col-
umn  were proposed but were not considered for implementation
in CTT. Beginning in Phase 2, and continuing in Phase 3, the SPS and
design teams worked with JTC to review technologies listed in the
“Technologies Explored” column (Table 1). Specifically, the SPS and
onal institutional partnerships in delivering low-energy building
i.org/10.1016/j.scs.2014.05.007

Cool roof coating Solar light tubes
Radiant cooling Neuro PMV  (predicted mean vote) controls for

air conditioning
Smart parking luminaire ETFE material to cover courtyard common space

dx.doi.org/10.1016/j.scs.2014.05.007
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ing different phases of the CTT project.
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Fig. 3. Roles of the SPS team dur

FD) furthered the performance evaluation of these proposed sub-
ystem technologies.

After completing their reviews, the project team selected a Lab
ndoor Air Quality (IAQ) Control/Monitoring system, stand-alone
ow-energy fume hoods, and a smart parking structure luminaire
ystem for the iSpace. These technologies will be demonstrated in
andlord-managed areas (e.g., fitted labs, fitted offices, and com-

on  areas) of CTT. They will improve CTT’s building performance
nd energy efficiency while also serving as a public showcase of
nnovative low-energy building features.

.3. Outputs of the SPS team – support for achieving building
nergy targets

The SPS team developed and simulated many low-energy design
lternatives, as illustrated in Fig. 3. This work helped to improve the
imulated energy performance for the building from 25% reduction
elative to code-compliant baseline to 37% reduction from the same
aseline. In addition to work developing, simulating, and evaluating
he design alternatives, the SPS team helped to shape the design
rocess to facilitate an integrated approach to building design and
perations, as well as to align the design team around low-energy
esign alternatives. To capture these contributions, the SPS team
as prepared a series of presentations and reports that can be used
n future projects to inform low-energy design. These materials
ay  be of particular note for future CleanTech Park developments,

s they are framed in the context of CleanTech Park.
Fig. 4 illustrates the approach for low-energy laboratory design

eveloped by the SPS team. Note that it considers design and opera-
ion when developing EEMs to immediately focus the design team
n ensuring persistence of savings. Though the SPS team consid-
red specific end uses, the emphasis is on integration of strategies
cross end uses, including integrated systems design, DC powering
f various building systems, ensuring indoor environmental quality
cross end uses and throughout the building, metering and mon-
Please cite this article in press as: Parrish, K., et al. The role of internati
design: A case study. Sustainable Cities and Society (2014), http://dx.do

toring across end uses, and finally, continuously commissioning
he whole building. Specific recommendations for the CTT building
re outside the scope of this paper, but these are discussed in the
PS report.
Fig. 4. The whole-building approach to low-energy laboratories in Singapore devel-
oped by the SPS team.

The SPS team developed the approach in Fig. 4 based on previous
experiences that indicated the criticality of integration across the
building systems as well as across the building lifecycle. Further,
the SPS team wanted to challenge the CTT Design Team to develop
energy efficiency from the top down, first considering those emerg-
ing technologies and themes that would support energy efficiency
in design and operations, and then thinking through how these
onal institutional partnerships in delivering low-energy building
i.org/10.1016/j.scs.2014.05.007

concepts impacted specific end uses. In placing the end uses at the
bottom of the approach, we  focus the team on the whole building
first, and put synergies between systems at the forefront, rather
than as an afterthought. This way, the team can take advantage of
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ulti-system concepts before optimizing each specific system. For
nstance, the DC power system can reduce the lighting loads in the
uilding as well as the AC electric loads. This system may  prove
ore beneficial than two separate solutions addressing the light-

ng and electrical systems independently. At the same time, the SPS
eam wanted to ensure that end-use specific ideas from the design
eam were not lost, hence the bi-directional arrow between the
hole building approach and end use sections.

. Discussion

Though the case study presented in this paper describes the
ole and efforts of the SPS team on a specific project, SPS teams
how promise for achieving energy efficiency on other projects as
ell. Additionally, broader collaborative models show promise for

chieving energy savings. We  enumerate the benefits of SPS teams,
pecifically, below.

.1. Benefits of SPS teams

.1.1. Capacity building
SPS teams may  only engage with design teams for a short time

e.g., only the concept design phase), but they can introduce a
ealth of resources in that time that can broaden the scope of

nquiry for the design team on both the project the SPS engages on
nd future projects. Over time, this knowledge can be transferred
o other design teams. This was demonstrated through the NTU/AIT
xchange that built simulation capacity in NTU. SPS teams may  be
ost strategically deployed in Brazil, India, China, and other nations

hat are going through construction booms, as it is often easier to
esign efficiency into new buildings than retrofit existing buildings
o improve efficiency.

.1.2. Challenging status quo
On the CTT project, the SPS team was brought in to “push the

nvelope.” Often, fresh perspectives contribute to developing new
deas and realizing synergies between systems. Moreover, chal-
enging the status quo often results in re-examining long-held
esign assumptions, in turn allowing new solutions to emerge (e.g.,
adhad & Parrish, 2014). These new solutions, or even old solu-
ions that design teams may  have previously or typically ruled out,
epresent a move to a new design paradigm.

As with capacity building, challenging the status quo will lead to
eeper energy savings on a single project in the near term (namely,
he project the SPS engages in), and should lead to deeper energy
avings across projects over time, as networks of design teams
hallenge the status quo on successive projects. Higher-level col-
aboration models may  also support challenging the status quo,
hough to a lesser extent, as “status quo” for efficient buildings may
ot apply at the national level where these collaborations tend to
evelop.

.1.3. Developing new resources
As the SPS team brings best practices from their collective expe-

ience to a project, they will likely develop new resources for
ow-energy design and may  make explicit knowledge that was pre-
iously tacit. For instance, the SPS team for CTT prepared reports
hat enumerate Green Mark requirements and recommend specific
trategies to achieve these requirements. These resources can aid
n deploying the findings from the SPS team and can enable energy
fficiency in other buildings.

Though the SPS team we describe is made up of entities from
Please cite this article in press as: Parrish, K., et al. The role of internati
design: A case study. Sustainable Cities and Society (2014), http://dx.do

ifferent countries, SPS teams can also be effective when they are
ot international. For instance, an SPS team with expertise in low-
nergy design and operations for a given building type would be
ble to realize the benefits described above in their own country
 PRESS
nd Society xxx (2014) xxx–xxx

as well as internationally. Moreover, as design teams work with
SPS teams, they will gain experience in providing technical exper-
tise themselves, in turn, they can form their own SPS team and
provide consulting services to their colleagues at other design firms,
continuing knowledge transfer and broadening deployment.

5.2. Benefits of international collaborative teams

While international composition is not critical for an SPS team,
an SPS team with a breadth of expertise will offer most value. The
role of an SPS team is to offer innovative solutions for the whole
building, supporting an integrated approach to building design and
operations. Thus, an SPS team can provide richer design assistance
if they have technical expertise in a range of building systems rather
than expertise in a single-system, e.g., an MEP  consultant or a faç ade
consultant.

Similar trends exist for other collaboration models. The broader
the expertise, the more creative the solutions the collaborators can
develop. As the collaborations become broader in reach and scope,
international makeup essentially becomes a requirement. That is,
collaborations to develop new policies and effect changes in build-
ing energy efficiency at the regional and national level will likely
require international perspective. A group of national experts in
building energy efficiency can certainly develop policy recommen-
dations and make suggestions about achieving energy savings at
the national scale, but they will likely bring the bias of their coun-
try’s policy norms. We  argue an international team may  develop
the most innovative solutions because they can borrow from best
practices at an international, rather than national, scale.

5.3. Potential challenges for international SPS teams

As with all collaborations, the CTT SPS team was  not without dif-
ficulties and challenges. Cultural differences, language differences,
and time zones challenged the team at times, and will likely chal-
lenge future international SPS teams. However, the experience of
the CTT SPS team was  positive overall due to the team’s continued
focus on achieving the project goals. The NTU team educated the
LBNL and AIT teams about Singaporean policies around energy effi-
ciency, as well as on cultural customs, particularly during meetings.
The SPS team conducted all meetings in English, as this was  the one
language common to all team members. The LBNL team led writ-
ing exercises, as members of the LBNL team were native English
speakers. Finally, the SPS team rotated conference call times so the
burden of late night or early morning calls shifted throughout the
project. Though the SPS team experienced a few challenges unique
to its international nature, for the most part, it did not experience
challenges beyond those related to any collaboration. In fact, the
project goals provided a purpose for the SPS team that made the
collaboration easier than some other projects.

International collaborative teams may  struggle to work across
different cultures, design processes, and languages, among other
differences. Our experience suggests the key to overcoming these
challenges is communication. In setting clear goals, expectations,
and processes, teams can eliminate many of these challenges. For
instance, the team member most familiar with cultural customs
and design processes in the country where the project is located
can educate other team members. Thus, all team members can
operate with shared understanding, supporting a more success-
ful collaboration (e.g., AIA, 2007). Current technologies offer many
solutions for overcoming language barriers, and teams can select a
onal institutional partnerships in delivering low-energy building
i.org/10.1016/j.scs.2014.05.007

language for communication that is most comfortable for the team.
A collaborative team will most likely be successful if the team dis-
cusses challenges openly at the project outset and develops a plan
to address them.
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. Conclusion

Collaborative models support building energy efficiency at var-
ous scales and with various impacts. Multi-lateral programs may
upport far-reaching deployment of incremental (∼5%) energy sav-
ngs through new incentive programs, labeling programs, etc. For
nstance, an incandescent light bulb replacement program would
e considered a multi-lateral program. Governmental collabora-
ions also support energy savings, typically through new policies or
ntroduction of new technologies within a particular environment.
hese collaborations may  yield deeper savings than multi-lateral
rograms at the building level, but the overall impact (in terms of
ross savings) may  be less than that of multi-lateral programs, since
he reach may  be smaller. Finally, institutional collaborations, like
he SPS team discussed in this paper, support achieving deep energy
avings in a single building, both through technological and oper-
tional strategies. Moreover, they support an integrated approach
o building design and operations that engages the entire project
elivery team, from designers to builders to operators, from the
roject outset to facilitate a more effective design process. Design
ssistance teams, similar to SPS, show promise for increasing the
cale of deployment for low-energy building design and opera-
ions through capacity building, challenging the status quo, and
eveloping new resources. Building owners considering SPS teams
ay  opt to engage them first on high-energy-intensity building

rojects, where SPS teams can provide most value, as these build-
ng types generally require more innovative solutions to achieve
erformance relative to their less-energy-intensive counterparts.

We argue a balance of each of these collaborations best supports
nergy savings. Similar to taking both a top-down and bottom-up
pproach to energy management at the building level, engag-
ng in each of the collaboration models presented in this paper
t a national level effectively pushes multiple levers to manage
nergy. Through the United Nations, the International Code Council,
nd other international groups, national governments have many
pportunities to engage at the multi-lateral program and govern-
ental collaboration levels. However, institutional collaborations
ay  be harder to track, as these may  develop more informally. If

overnments and institutions across continents continue to collab-
rate, energy efficiency strategies, technologies, and programs can
volve worldwide that address climate change and energy demand
ssues in support of a more sustainable built environment.
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