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ABSTRACT
The Mosaic Centre for Conscious Community and
Commerce (MC4) used an Integrated Project
Delivery procurement process that was paired with
LEAN design and construction practices to create a
zero carbon emissions and energy building in
Edmonton, Canada. Integrated Peroject Delivery
process tied the owner, architect and contractor
together with a tri-party contract. This contract
helped shift the paradigm of how design and
construction decisions were made, based on values,
speed and budget. LEAN allowed the entire team to
look for and minimize waste in all aspects of the
design and construction process. This building design
and construction process is a revolutionary way to
achieve high performance buildings with modest
budgets and within aggressive timelines.

INTRODUCTION
The Mosaic Centre is a 2,787 square metre mixeduse building that includes offices, a childcare centre,
full service restaurant, wellness centre, co-working
space, and event space in Edmonton, Canada. The
client desired that it should reach a LEED platinum
certification from the Canadian Green Building
Council as well as net zero energy building
certification from the International Living Futures
Institute. In order to achieve these ambitious goals
within a conventional, modest budget, the owner,
architect and general contractor chose to use an
Integrated Project Delivery (IPD) procurement model
paired with a LEAN process for design and
construction. The budget was $11 million Canadian
dollars. The four-season, relatively cold climate that
Edmonton is located in also proves a challenge for
designing net-zero carbon and energy buildings. The
process included setting core project values and
building the IPD team that could deliver on an
ambitious goal. The project was initiated in March
2013. Construction of the building started the
following year and the building was opened in
February 2015, three months ahead of schedule.
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Figure 1: Mosaic Centre for Conscious Community &
Commerce, Edmonton, Canada
constant productivity decline for the last 50 years.
The industry is challenged by disruptive relationships
among all the roles that need to come together to
produce a building. Each design or trade role
traditionally looks out for their own interests, trying
to lessen their risk and maximize their profit margin
with little or no concern to the performance of the
entire project. Traditionally, a design-bid-build type
of process has the architect design the project, and
then contractors bid on the design. Inevitably, there
are disjunctions between budget and scope and this
creates a cycle of re-design by the architect who must
find cost-savings to be able to see the project built
within the client’s budget.
IPD brings together the various proponents to
collaborate together (figure 2) early in the process,
sharing information and working together to reduce
risk and waste using lean methodologies throughout
the project. IPD was first used in the building sector
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The North American construction industry has seen a
Figure 2: IPD Relationships
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Figure 3: Integrated Project Delivery in comparison to Design-Bid-Build
in the United States in the 2000s to help build billion
dollar hospital projects with challenging schedule
constraints. IPD uses a tri-party contract that binds
the owner, architect and general contractor into a
collaborative partnership to deliver the building. IPD
also brought the building trades early to the design
process so they could problem solve with the
architects and engineers the means and methods of
constructing a building within a hard constraint of
cost and schedule. This process is called Target
Value Design. This requires a high level of trust
between the team members. It also requires the
owner to be fully engaged in the design process and
be honest with the allowable project budget. Trust is
built during the many workshops to establish the
values, the allowable costs, risks, basis of design and
even the interview process of bringing trades on
board. All team members must agree to an “open
book accounting” condition, where anyone has the
right to see the project financials at any time. Project
risks are identified at the very beginning of a project
and a risk register is created that assigns a budget
value to each known risk. A small contingency will
also be established for unknown risks. Figure 3
illustrates how the IPD differs from the traditional
process and uses value definition and validation
stages to keep the entire team focused on the true
goals of the project and avoids the “re-design loop”
and adversarial relationships seen in traditional
procurement. The opportunity to make changes in a
design is very inexpensive early on in the process; it
becomes increasingly expensive to make adjustments
as the building design gets more and more flushed

out, as shown by Figure 4. With IPD, architects and
engineers work along side the building trades to
make as many detail decisions very early on in the
concept design.
IPD also incentivizes the entire team by promising
greater share of profits if a project comes in under
budget, through the collective effort of the team. The
incentive is set by establishing a “target cost” that is
a certain percentage or value below the “expected
cost.” The expect cost is the price of the project in
the current market conditions that is established by
the project estimator with the building basis of
design. The expected cost of MC4 was $12 million
Canadian dollars and the allowable cost was $11

Figure 4: Opportunity to Effect Change vs. Cost

million. The target cost was set at $10.67 million.
The difference between the target cost and expected
cost is the project contingency budget plus the risk
register amounts, and this sum becomes the profit
pool. The profit pool is shared proportionally by the
entire design and construction team at the end of the
building construction. Therefore, the entire team has
a mandate to find efficiencies, cost savings and
mitigate risks that will deliver the project below the
target cost, as the profit pool increases when risks are
eliminated or cost savings are found. If the project
target cost were exceeded, the overage would be
deducted from the contingency. If the extra costs
exceed the contingency, then the project team gives
up this amount from the profit pool. The project team
was extremely motivated to deliver MC4 below the
target cost.

TEAM ORGANIZATION
The Senior Management Team (SMT) included the
owner, the senior architect, and the senior project
manager from the contractor. This tight-knit group
was responsible for the overall project success.
Project Implementation Teams (PITs) were groups of
subject matter experts that focused on specialized
disciplines or building systems such as the building
envelope, HVAC, plumbing, electrical systems,
interiors, etc. PITs were given autonomy and
empowered to make decisions provided they used the
value matrix form to evaluate the choices at hand. All
team workshops took place in “the Big Room.” This
is a term used for meetings where all team members
were present and focused their attention on moving
design or construction forward. Big Room meetings
were convened frequently in the early design process
to create the basis of design and building concept
using the expertise of a large and diverse group of
people. Further into the design, Big Rooms were
convened to review schedule and “pull-plan” critical
milestones. Pull planning is the method of drawing
out information from many, inter-related trades in an
effort to coordinate people and materials, share
resources, find efficiencies, and minimize waste
within the constraints of time. During construction,
pull planning was a fundamental tool in staying
ahead of schedule.

team how to look for waste within the project and
provide continuous improvements to streamline the
design as well as construction. In fact, the trades
began to create “2 second lean videos” that showed
how their improved methods could help other team
members. Value stream mapping helped designers
and trades see opportunities for improvement where
there were gaps or bottlenecks in information flow or
unnecessary waiting for additional information. It
also showed the team that sometimes they overcommunicate or provide too many superfluous
drawings or reports. Using more concise, direct and
abbreviated communication yielded savings in time,
cost and effort.

VALUE-BASED METHODOLOGY
The design methodology for the Mosaic Centre
started by asking the entire team, “what does success
look like?” This informs the core team including
architects, contractor and client about what really
matters for the project and where to focus effort. For
the MC4, the team created the following values
statement: to create a bright, comfortable,
environmentally sustainable space that promotes a
healthy, collaborative work environment which
resonates with the unique ethos of its occupants that
is replicable and inspiring for all. This allowed the
team to further create a set of specific values that
helped decision-making throughout the process.
These values included sustainability, beauty, health,
pragmatism, teamwork, and legacy. These core
values were translated into a “value matrix form” that
was used at key decision-making junctures in the
project. See Figure 5 for an example of a value
matrix form.

LEAN THINKING
The owner had experience in LEAN processes and
insisted the entire team take up LEAN training in
value stream mapping, pull-planning, and kaizen (the
study of process and implementation of
improvements to eliminate waste). LEAN thinking is
recognizing that “I will produce exactly what the
customer is willing to pay for.” LEAN training was
essential in not only team-building, but provided
everyone with a clear understanding of how this type
of thinking perfected in the manufacturing industry
could be applied to information-flow and design
process as well as construction. It showed the whole

Figure 5: Workshop with Owners to Determine Values

An example of a value-based decision that actually
increased the project cost was the choice to use
heavy-timber construction over a typical steel
structure. The use of glue-laminated columns, beams,
and floor decking rather than steel would increase the
project cost by close to $100,000. Using the value
matrix table showed that the use of wood would
provide better returns on sustainability, beauty and
even pragmatic factors. Wood has far less embodied
energy than steel. It is warmer and would provide a
richer interior finish. A steel structure would
inevitably need to be fire-protected and covered up
with gypsum wall board, and this additional cost of
fire protection would bring it close to the cost
premium of using wood. The wood materials were
also fabricated locally, making it another low-carbon
reason to select it.

ENERGY MODELLING
The early concepts were rigourously modeled and
tested energy performance, passive solar design,
daylight strategy, and wall-to-window area ratios.
Creating numerous models allowed the design team
to fail faster – a strategy using many, quick models to
find the right solution. The preliminary massing
model was created in SketchUp, which allowed for
very rapid study of overall building form, orientation,
wall and window ratios, and daylight analysis.
Software for analysis included IES-VE, Daysim, and
a custom built SketchUp plugin called SuDS.
The owner required the building to be efficient in
flow and for the opportunity to create an informal
interaction space at the heart of the building. Various
massing schemes (Figure 6) were tested for
preliminary energy performance and then tested
against daylight autonomy (Figure 7). Based on the
occupancy and mixed use of the building program,
the energy model predicted that it would be coolingdominant, even in Edmonton’s cold climate. The
design temperatures used were +33°C in summer and
-35°C in winter, with an interior comfort range of
18°C to 24°C. Using a parametric energy model, the
variables of exterior insulation value, window
insulation value and photovoltaic cost were

Figure 7: Daylight Modelling

manipulated to find the optimal exterior wall and
window insulation with the size of photovoltaic (PV)
array the project could afford. This actually resulted
in saving over $1 million dollars, as the typical
approach would have been to super-insulate walls,
roof and windows for a cold climate (Table 1). Due
to the fact the building requires more cooling than
heating over the course of a year and the cost of PV
arrays coming down in price, it was more sensible to
invest money in expanding the PV system to generate
more onsite, renewable electricity. Further insulating
the building would have trapped more heat inside,
creating an even larger cooling load. This was an
incredible discovery for the building and was the key
breakthrough that made the project financially
feasible with the modest allowable cost.

HVAC
The mechanical ventilation, heating, and cooling
systems were chosen based on the expected energy
load requirements and the idea of harvesting passive
solar gains, as well as waste heat provided from a
computer server. Two energy recovery ventilation
units provide fresh air to the east and west halves of
the building. Natural ventilation using operable
windows provides additional ventilation that is
controlled by occupants. Operable windows provide
redundancy and resiliency in the case of failure of
power or mechanical systems. A geoexchange system
using heat pumps and a zoned variable refrigerant
volume system provide the cooling in summer and
supplemental heating in winter. There are 33 wells
bored 70 metres into the ground that provide energy
to the geoexchange system. The PV system was sized
to provide all the necessary power to run the
geoexchange pumps as well as the energy recovery
ventilation units. There is no natural gas or other
carbon-based fuel required to heat, cool, or ventilate
the building.

DAYLIGHT STRATEGY
Figure 6: Early Massing Studies

Edmonton is located at latitude 53 degrees north,
creating very long summer days but very short winter

Table 1: Results of Parametric Model Manipulating Envelope, Window Values versus Envelope & PV Cost

days. The Mosaic Centre conceptual design was
tested for daylight autonomy. Using the sun rather
than electric lights was a key strategy to reduce
electrical demand. The daylight model demonstrated
that with strategic window placement, and a
relatively narrow building, all regularly occupied
spaces would have daylight adequate for office work
75% of the time during office hours (08:00 to 17:00)
throughout the year. Based on the excellent daylight
autonomy, an unconventional lighting strategy was
proposed by the electrical engineer. After examining
the Alberta Building Code, the electrical engineer
stated that the only lighting that was required by the
local code was for ensuring emergency exit paths
were lit adequately. His proposal was to only install
this minimal lighting in the office areas of the Mosaic
Centre. Supplemental lighting would be completely
task based lighting triggered by occupancy sensors.
This approach was vetted by the Project
Implementation Team and recommended to the
Senior Management Team as a $180,000 capital cost
saving. After operating for over one year, this
strategy has worked very well, ensuring that the
electric lights that are required are only used when
people need them.

building exterior cladding was somewhat complex in
that it used cedar siding and polycarbonate, which
both interfaced with a fiberglass curtain wall system.
The exterior cladding trade needed support in how to
detail the different conditions in order to achieve the
flush material transitions desired by the architect
without compromising the insulation values and the
air/vapour membrane tie-ins. The exterior cladding
PIT was convened at the architect’s BIM station to
work together to solve the details side-by-side. A
more successful implementation of BIM was how the
glue-laminated wood column and beams would need
geometrically tricky connections. The BIM file was
instrumental in directly providing precise dimensions
and geometry for connections to be fabricated. This
truly expedited the design and construction schedule
for this trade. Finally, BIM allows every building
system to be virtually created and installed before
any action happens on the physical construction site.
This was instrumental in easy clash detection and
coordination between ducts, beams, electrical
raceways, and even the light fixtures before they
actually happened on site. One lesson learned was

BUILDING INFORMATION
MODELLING
After the energy and daylight modelling provided
direction on mechanical and electrical systems, a
building information model (BIM) was developed to
help with visualization of materials and construction
sequence. It was also hoped that BIM could be
handed over to trades to create shop drawings
directly. Only the wood structural system and steel
stair fabrication were able to use BIM. Other trades
did not have the capacity to use the model as hoped,
nor did they understand the building science that
would enable them to draw appropriate details. The

Figure 8: Mosaic Centre in Winter

that the interior design team was inadvertently left
out of the BIM model. This did create some on-site
coordination issues with ceiling hung acoustic panels
that conflicted with suspended light fixtures.

RESULTS & BENEFITS
The Mosaic Centre benefited from integrated project
delivery and a values-based process to create a high
performance, zero carbon emissions building in a
cold climate. The final construction cost was $10.5
million dollars, which came in below the target cost
of $10.67 million, and much lower than the expected
cost of $12 million. The project was also three
months ahead of schedule due to aggressive pull
planning, LEAN thinking and collaborative efforts.
This zero carbon building offsets 225 metric tons of
carbon emssions every year. The entire design and
construction team was more engaged and invested in
the project as a result of the IPD method. The Big
Room sessions solved problems, innovations
emerged and friendships were made. The epiphanies
of energy modeling and lighting strategies that saved
over a million dollars in cost emerged in the Big
Room, and successes were immediately celebrated by
the team. The building actually built relationships
between architects, engineers and trades by creating
trust- something that is lacking in the typical
construction world. The process was enjoyable and
rewarding for all, as no other project the team had
worked on in the past resulted in such a positive
experience. Post construction, there were still
challenges with certain building systems such as the
geo-exchange system, as winter energy demands
showed some lag in how the geo-exchange provided
heating needs. The mechanical PIT was convened to
trouble-shoot this issue and worked through a
resolution. Again, with the strong relationships
created using the IPD process, it was much easier to
retrify this type of issue after all the building trades
have left construction site.

more widely in the building industry. One must ask
how to keep the drive for continuous improvement
going in construction? How can the construction
industry learn from the manufacturing sector in
LEAN thinking? This is especially true at the
scramble to finish at the end of the construction
schedule. How do we keep beauty and aesthetics in
architecture as a value, when pragmatism and
functionality can easily show cost savings? We were
extremely fortunate to have an owner who also
valued legacy. All of our design documents, contract
and experiences are available as open-source
information
at
the
project
website,
www.themosaiccentre.ca. If the Mosaic Centre is still
the most sustainable building in Edmonton in five
years, we would have failed our legacy to improve on
the process and to find continuous improvement in
construction.

CONCLUSION
Creating the Mosaic Centre to achieve zero carbon
emissions and sustain net zero energy use over the
course of a year could not be done without trust,
values and an engaged team with a very hands-on
owner. LEAN and IPD work processes brought great
value, using target value design. Pull planning
allowed the team to significantly trim down the
schedule. IPD is now becoming more prevalent in
Canada. Organizations such as the Lean Construction
Institute of Canada and the Integrated Project
Delivery Alliance are eager to share the benefits of
this process and procurement model. There are still
opportunities to do better. Building information
modelling is only beginning to be leveraged by trades
as a valuable tool to speed up production and
fabrication of building components. Building science
principals that ensure proper detailing and
specification of durable envelopes needs to be shared

Figure 9: Main Entry at the Mosaic Centre
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Figure 10: IPD Scheduling Workshop
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