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Life cycle carbon modeling can be an important tool for measuring our
built environment’ s impacts, and to aid in decision—making processes.
USGBC, the Living Building Challenge 2.0 and others are starting to
include this modeling as part of a project’ s accreditation process.

“Phase 1”

carbon involved in the design and construction stage is frequently either

While this is definitely a worthy effort, The embodied
oversimplified to the point of meaningless results, or the variables are
considered to be over whelming and others say “why bother?”

The challenge of meaningful but not over—burdensome embodied-
carbon modeling is possible. The process has to be focused on the areas
of relevance, and it needs to be accurate enough to deliver credible
and useful results. It is also important that the information be timely and
embedded into current design efforts. This article describes an approach
for measuring and then optimizing the embodied carbon in a structure
and several of the very important lessons that have been learned along
the way. Through carbon optimization, sustainability and cost savings
can go hand in hand.

1 Background

Most experts agree that over the next few decades, the world will undergo
significant changes in climate, which will impact almost every aspect
of the world’ s environment, economies and societies. It has been
reported that the building sector is responsible for 40% of the world’ s
energy consumption and more than one-third of global greenhouse gas
emissions. In many countries, both developed and emerging, it is the
largest emissions source. These emissions come from a combination
of “Phase 1”

embodied emissions to construct the building, “Phase

2” emissions of building operations and “Phase 3” emissions of
deconstruction.

Multiple organizations, including the Sustainable Building Alliance (SB
Alliance) and the United Nations Environment Program’ s Sustainable
Buildings and Climate Initiative (UNEP-SBCI), identify buildings as the
single greatest area for potential reductions in greenhouse gas emissions.
They identify the largest emissions in the building sector as coming
through the use of fossil fuels during the Phase 2 operational phase. As
such, most efforts to date have been in measuring and reducing building
operational carbon consumption.

Phase 2 operating carbon reductions are resulting from more energy—
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efficient building designs, including target standards now frequently
adopted from the United States Green Building Council’ s (USGBC) LEED
process and others. Government bodies have also begun to set higher
energy performance targets for the built environment and are probably
the most effective forum for immediate Phase 2 carbon reductions. Most
aggressively, building challenges such as Architecture 2030 and the
Living Building Challenge 2.0 are, among other sustainability goals,
aiming to achieve net—zero—energy buildings. There is still considerable
work to do in the energy efficiency of buildings and it is by no means a
“solved” issue, but progress is definitely occurring.
As buildings become more energy efficient and Phase 2 operational
carbon is reduced, the Phase 1 embodied carbon becomes a much
larger percentage of the life cycle carbon footprint of a building. With little
current attention being focused on the Phase 1 embodied carbon, this as
a critical and next frontier in the quest for carbon—footprint reduction in
the building industry.
2 Structural Relevance
Phase 1 embodied carbon is affected by a very large number of variables.
It is a difficult, and in most cases impractical, goal to say that all Phase
1 embodied carbon can and will be directly measured. However, by
identifying and then focusing on the largest carbon sinks in a building, it is
possible to estimate a carbon footprint with statistically relevant accuracy.
By tracking this information, it becomes possible to both influence industry
production processes holistically and to make project-specific carbon
reduction decisions in a meaningful way.
Prior carbon footprint studies have shown that the structure has the single
largest embodied—carbon footprint for new construction projects. Given
the limited number of materials and industries that produce the structural
frame for a building, focusing on optimizing those materials becomes a
very high—value area to invest time and energy.
3 Optimization in Design
The embodied carbon of a structure varies widely depending upon
material selection, building function and efficiency of design. Realities
in life—safety requirements can also influence the structural alternatives
available for carbon optimization. The classic example is buildings over
five stories typically require noncombustible materials for their primary
structural frame (i.e., no wood).
Opportunities for embodied—carbon optimization are largely unrealized in
“typical”

today’ s building designs. One of the biggest opportunities

is to determine the right “big idea” within the structural concept.

Structural systems need to work in harmony with the architectural function

and building expression. The best examples are when the structure
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and expressed architecture are one and the same, with the structure
performing multiple duties, such as supporting the building, serving as
an exposed finish and contributing thermal mass to cut peak cooling and
heating demands. Systems should include minimal load transitions, as
forces are brought to the ground. Materials should be used for their most
efficient purposes, such as concrete for all conditions of compression and
steel for all conditions of tension.

An example is the Office for Metropolitan Architecture’ s (OMA’ s)
design for the exterior skin system of the Seattle Central Library that
MKA’ s design

of the exterior diagrid steel frame was engineered to serve as the lateral

achieved what they call a sustainability “three for one.”

load-resisting system. This frame was also the architecturally exposed
finish and the window mullion system. The last of these allowed for
the elimination of almost all aluminum that would otherwise typically be
included in the exterior window framing system. Aluminum is the single
most energy-intensive (and frequently the highest—carbon-footprint)
material typically used in mass in the building industry today.
Using ideas in nature (bio—mimicry) to help inform optimal building
elements is a great starting point. Nature—inspired solutions, by virtue
of evolution, are the essence of material and carbon optimization. Gehry
Partner’ s design for the Experience Music Project included MKA
designing stiffening ribs based on the analogy of the human rib cage.
Interconnecting these ribs was a thin—shell concrete skin.
Another example of MKA’ s optimization pursuits is incorporated into
the structural design for the Two Union Square office building in Seattle,
Washington. This 56-story tower, located in the high seismic zone of the
U.S. West Coast, achieved a total structural steel building weight of 12.5 psf
(61 kg/m2). Such efficiencies were possible through the use of composite
steel pipe column design innovations and asymmetrical built—up steel
beams. The design reduced structural steel tonnage by 50% compared to
similar—sized projects constructed at the same time. A very similar story is
found in MKA’ s design of 60-story Leatop Plaza in Guangzhou, China,
where the measured material quantities were 40% less than those for
adjacent office towers under construction at the same time.
Common to each of the above examples is the symbiotic performance of
structure and architecture. Materials and systems serve double—duty,
with carbon and material optimization complimenting each other for best—
value project solutions.
4 Embodied-Carbon Accounting
Most embodied—-carbon modeling approaches currently available
are based on a one-time building review, lacking the detail for a truly
accurate picture of the carbon embodied within a project. The best
exception we have found to date is a hybrid modeling approach, which is
now gaining more attention.

“Hybrid”

estimate, based upon a contractor’ s cost estimate. That first model

carbon modeling starts with an economically derived carbon

provides a “fuzzy first picture” of all building components but lacks

detailed accuracy. It does, however, provide sufficient detail for the
smaller and harder—to-track items, as well as guidance on where to focus
a more detailed investigation for the biggest embodied—carbon sources.

It is an iterative process of increasing accuracy. As the project cost
model is refined and project materials are sourced and measured during
the normal evolution of design, the embodied-carbon modeling can also

be refined. With less than 15% of the materials initially evaluated typically
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producing over 85% of a project’ s embodied carbon, this economic
model shows where to invest further effort.

It is important not to stop at the initial economic carbon estimate. The
footprint of large carbon items, such as cement, can vary by over 100%
depending upon where it is sourced and how it is produced. These largest
and most statistically relevant carbon sources require a more detailed
investigation in order achieve a relevant carbon footprint model.

The hybrid modeling process is being promoted by several organizations,
with varying degrees of detail in how they model for the embodied—carbon
footprint. MKA supports the approach as a viable broader framework for
effective embodied-carbon accounting.

In an attempt to provide a more detailed examination, on a material—
component basis, of carbon embodied within a building’ s structure,
MKA has developed a carbon calculation tool (MKA-C Tool). The C-Tool
works in conjunction with the approach described above. From earlier
case studies, we have found the structure of commercial construction
projects to typically represent from 28% to 33% of the overall embodied
carbon of the project. Thus, the structure definitely qualifies as one of
these areas worthy of a more detailed investigation.

MKA’ s C-Tool involves a six—step process:

Utilize BIM modeling and material quantity definition for the structural

frame — When utilizing integrated BIM modeling in conjunction with the
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architectural and MEP disciplines, it is possible to produce very accurate
material take—offs. This also creates the platform for carbon modeling of
the fully integrated project.

Track the material pedigree — To track the material pedigree, it is
necessary to define the recycled content of the material being used, then
the travel distances and shipping mechanisms used to get the material to
the fabrication plant and the site (CO2/ton/mile).

Determine the energy required to produce the material — MKA has
developed a detailed database of the materials most commonly used
in the building industry, and likely to be used within the structural frame
design. This database started with an internal investigation of energy
requirements for material production by specific U.S.-based rebar, steel
and concrete suppliers. It has subsequently been checked against
and supplemented by references to Europe’ s Inventory of Carbon and
Energy, or “ICE,” as produced by the University of BATH, 2008, and
Athena, 2009.

Identify the carbon footprint of the energy used to produce the material —
This requires both an understanding of the plant energy requirements (gas
fired, electric or other) in the production of material fabrication and any co—
generation processes that happen directly in the production and fabrication
processes. By relying on extensive research done by others in the energy
production field, it is possible to reasonably assign a carbon footprint of
the electrical energy supplied to any one location. MKA starts with this
information, augmented by any identified co—generation or other energy
production process utilized at a particular manufacturer’ s plant.

Do the math — MKA’ s C-Tool assembles the project and material sourcing
input information, references the database look—up tables noted above,
and calculates the structural estimated embodied—carbon footprint.

Track and report the findings — By quantifying the total embodied carbon
within the structure, it becomes much clearer where to go for optimization
potential. It also helps to establish a baseline condition from which to
track a project’ s ongoing design progress.

5 Case Study Lessons Learned

MKA has recently completed and is conducting several detailed case
studies to both test out the above process and assess the impact of
structure within the larger carbon footprint discussion. Part of this effort
has been to assess buildings recently built but not focused on carbon
optimization efforts, in order to develop a baseline for future project
comparisons.

Case studies to date have included high-rise hotels, high-rise residential
towers, parking garages and office buildings. These investigations have
revealed important lessons learned and identified carbon optimization
opportunities. Some of these lessons include the following

Relevance of the Material Pedigree

When comparing two concrete suppliers active in the Seattle downtown
market, one of the suppliers receives their cement via a direct pneumatic
pipe from a cement production plant within the city limits. That plant
produces the majority of its energy needs from on-site co—generation,
with raw materials shipped in by barge. The second concrete supplier
receives 50% of its cement clinker from Asia, using a coal-fired energy—
generation process.

When comparing two rebar suppliers active in the Seattle downtown
market, one receives their bar stock from a mill located within the city
limits, utilizes 80 to 90% recycled steel in the production of their bar and

uses electrical hydropower purchased from Seattle City Light. The plant
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operates during non—peak electrical demand periods to reduce overload
on the Seattle City Light grid. The second supplier’ s rebar supply is
shipped in from the U.S. Midwest, with the majority of the energy used to
produce the bar coming from coal-fired generation.

Even when material quantities and costs appear to be the same, there
can be a significant difference in the carbon footprint for these structural
building materials, which historically have very high energy—production
requirements. Materials such as concrete, rolled steel shapes, light—-gage
galvanized metal and especially aluminum can all have highly variable
carbon footprints.

If embodied—carbon accounting is pursued on a project, it is important to
require a pedigree that can be tracked back to the fabrication and points—
of-resource extraction for these base building materials.

Analysis of Steel versus Concrete Frames

Which is less carbon intensive, a steel- or concrete—framed building?
What seemed like a simple question turned out to have a very complex but
short answer: it depends. More impactful than the choice of a concrete
or steel frame is how the steel and/or concrete is sourced for the project
and the degree to which both are optimized. MKA was able to show
carbon footprint reductions of up to 50% for either building type without
significantly changing the look or function of the buildings. The most
carbon-optimized design actually includes a blend of both materials,
utilizing each for their best—performing characteristics.

Start with the Cement
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Within a building, few materials can achieve the same function as
concrete. Further, because concrete can often serve multi—function
purposes, such as building frame, thermal mass heat reservoir, acoustic
and vibration isolation and exposed architectural finish, it can often reduce

a potential project’ s carbon footprint over other alternatives. However, it

MKAT& 7

is also typically the single—point source of the largest volume of materials
and the largest carbon footprint of any single building element. As such,
it presents the best opportunity for optimization and reduction in the
embodied—carbon footprint.
Implementing new techniques that improve a batch plant’ s quality
control for the production of concrete have shown cement savings of 20%
to 50%—or more—for same-strength mixes. This is an area in need of
further study and improvement within the building industry.
“Complementary cementing materials” (or CCMs) can further reduce
cement content requirements but can impact the performance of the
concrete in ways that need to be evaluated. Up to 100% cement—
replacement concrete is possible with CCMs, but it is not always practical
and not at all locations in a building. CCM’ s are an important part of the
discussion, but their use needs to be carefully considered.
Thermal Mass — Myth and Reality
In choosing material types and where to put them, remember that thermal
mass only helps reduce operational energy demands at locations where
the temperature actually changes. For buildings without operable
windows and thermally controlled environments that do not change daily,
the floor system building mass does not affect the energy requirements
much. However, with operable windows, and especially with surfaces
exposed to high temperature changes such as the exterior cladding on
southern exposures, thermal mass plays a much larger role.
6 Conclusions
Today’ s building teams invest more sustainable—design brainpower
considering waterless urinals or where to put bike racks than embodied-
carbon optimization. These other items are important, but embodied—
carbon analysis can represent a significant missed opportunity when
tackling the issues of climate—conscious building design and greenhouse
gas reduction.
Embodied-carbon optimization does not mean adding costs to meet
a sustainability goal. In fact, it likely means just the opposite. Carbon
optimization and material optimization are one and the same. As Phase
2 operating carbon reduces through more energy—efficient buildings and
lower—carbon energy supplies, Phase 1 embodied carbon becomes the
next and most significant source of carbon to address.
The mentioned embodied-carbon accounting efforts were initially
developed out of a frustration of not being able to accurately account for
the structural components of embodied—carbon modeling. It has become
a step forward in the evolution of information for Phase 1 embodied-
carbon accounting, but it remains only one part of a larger goal of full

cradle—to—grave life cycle carbon analysis Jf
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