Case Study: A Low-Carbon, Mass-Timber Arena
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Ladies and gentlemen, distinguished professionals and colleagues a warm welcome to today's exploration of a pressing issue in architecture – embodied carbon. My name is Shristi and I am here with prof. Haglund and my colleague Tristan. With the growing focus on reducing operational carbon, the 2022 U.S. Inflation Reduction Act elevated the importance of low-carbon building materials. Our story begins with the construction of a remarkable mass-timber sports arena at the University of Idaho. Built with locally sourced timber, we imagined our arena to be on the path to net-zero carbon buildings. 



Idaho Central Credit Union Arena

University of Idaho

Size: 66,186 SF

Location: Moscow, Idaho, USA

Stat: 4,000 seats for basketball and
4,700 seats for concerts

Architect: Opsis Architects

Sports Architect: Hastings & Chivetta Architects
General Contractor: Hoffman Construction
Base Building Engineer: KPFF

Roof Engineer- Build: StructureCraft
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The new University of Idaho Central Credit Union (ICCU) Arena is U of I’s Basketball Arena opened in October 2021. Imagine a space where sports, concerts, and celebrations converge - a true melting pot of culture and community. The ICCU Arena, spanning an impressive 67,000 square feet with a seating capacity exceeding 4,000, is precisely that place. Within the structure there’s a performance basketball court, practice court, coaches' offices, locker rooms, and a luxurious club area for premium seating and hospitality. 



Forms of Palouse
Form of the Arena

"The undulating roof forms
recall the surrounding Palouse
landscape" Opsis Architects.

Architect's initial sketch

Image credits: Opsis Architects
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Now, let's talk design. The undulating roof forms, reminding of the surrounding Palouse landscape, offer more than aesthetic appeal. They provide deep overhangs that shield the arena from harsh sunlight while crafting inviting entry porches for both the campus and the broader community. 
But what truly sets this architectural marvel apart is its innovative use of mass timber construction, marking the revival of timber sports architecture in the United States after three decades.



Glu-lam Beams

Image credits: Shristi Tamrakar, StructureCraft
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854 Glulam beams, collectively weighing 442 tons (401,000 kg), form the backbone of this structure. The largest of these beams, a (2.8 m x 1.5 m) 110 inches by 60 inches, stretches an impressive (17.6m) 58 feet. The arena has been appreciated with recognition in the fields of architecture, sustainability, and structural engineering. We hoped that this massive amount of timber would reduce the carbon footprint to zero!





Ul's Experimental Forest

“The industry as a whole is proud of the project. It’s such a large
collaboration. You have this gorgeous architectural wonder whose
materials are supplied from partners throughout the state of Idaho.
When we look at it, we see the amazing creativity of how we can utilize
mass timber.” - Jennifer Okerlund, executive director of the Idaho Forest
Products Commission

Image credits: University of I[daho website
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The initial vision for the arena project heavily involved the Idaho Department of Ecology and Natural Resources. The university wanted to celebrate Idaho’s timber heritage through the innovative use of wood, especially sourced from the UI’s experimental forest, which is just 10 miles from campus. We had an interesting interview session with Architect Chris Roberts from Opsis Architects. The primary goal was to use mass timber harvested to create an innovative, long-span structure, not to sequester carbon and reduce the carbon footprint. 



Timber in the PNW

Image credits: 1)Vaagen timber 2)Ul
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The wood from the nearby UI experimental forest on Moscow Mountain., was logged by lumberjacks from Troy and Harvard, and planted by Idaho forestry students. However, the logs were milled into dimensional lumber (lamstock) by Idaho Forest Group, while the architectural team collaborated with local companies, such as Boise Cascade and QB Laminators, to fabricate the glu-lam beams in far-flung Stanley, ID and Abottsford, BC. (Opsis Architects, 2021). All this transportation of the lumber added embodied carbon that could have been avoided by purely local fabrication.



Image credits: University of Idaho website
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Here's where it gets interesting. In 2022, we got the chance to dive deep into the arena's environmental impact. We were involved in Athena's Life Cycle Analysis, supported by the United States Endowment for Forestry and Communities, opened up a whole new world of possibilities. The University of Idaho (UI) team took this opportunity as a great means to gain insight as to the value of mass timber construction in reducing buildings’ carbon footprints. Our primary question was, “Is a net-zero-carbon arena possible?” 






This January we learned that the embodied carbon didn’t totally offset the carbon footprint.

Even though Athena cautioned about comparison, we wanted to contextualize the results with two
case studies.

1. Concrete-clad Swiss Life Arena in Zurich.

2. Mid-rise buildings in Toronto analyzed by architecture students in Kelly Doran's Ha/f Studio

Image credits: 1)Wikipedia 2)Canadian Architect
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Slide 7:		To create a net zero building, designers must make mitigating the environmental impact of the building part of their design intent. Take for instance the Swiss Life Arena in Zurich, a contemporaneous and similarly sized sports arena with long span members. The architect Adam Caruso said, “If we were to build this today, we would not have built with so much concrete” (Williams, 2022). After all the entire structure was clad with concrete panels.
In Toronto, Canada, Kelly Alvarez Doran leads a studio called Towards Half: Climate Positive Design for the GTHA. Their research identified how mass timber could be used to half the embodied carbon of buildings in the region. The average embodied carbon for the low-rise buildings they studied came out to 251 kg of CO2 per square meter. The ICCU Arena came out to 213 kg of CO2 per square meter



Our LCA included only embodied carbon
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Because the building was new, our LCA was limited to embodied carbon only which makes comparisons with Doran’s studies of embodied carbon possible. The stages within the system boundary that were studied are shown in green. Operational carbon is an issue to address in the future. The LCA is invaluable for understanding embodied energy, which surprisingly accounts for a significant 40% of a building's total energy usage. Sometimes referred to as a cradle to grave energy analysis, the LCA is more than a tool; it's a blueprint for decarbonizing the entire AEC industry, an industry currently responsible for a staggering one-third of global greenhouse gas emissions. 


The Results

Image credits: Arch Paper
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The ICCU Arena came out to 213 kg of CO2 per square meter. The LCA breaks up the environmental impact of the Arena into categories each with different units, shown here. During extraction, manufacturing and construction, around 1 million kgs of CO2 were emitted into the atmosphere, and it took more than 10 million mega joules of energy to erect.



Table 1. Carbon embodiment in different structures (Doran, 2021).

PROJECT ADDRESS FLOORS STRUCTURAL GFA kgCO2e
SYSTEM OF STUDY /m?
538 Eglinton Ave E G+3 Wood Frame 203 283 ICCU @ 213 kgC0O2eq/m?2
571 Dundas St W G+2 Wood Frame 136 243
318-324 John St G+3 Wood Frame 342 227
GTHA LOW-RISE AVERAGE 251
1075 Queen StE G+6 Hollowcore 859 395
& Steel
2803 Dundas St W G+7 Concrete 1,522 596
22 Trolley Cres G+12 Concrete 2,289 366
38 Cameron St G+13 Concrete 4,529 615
505 Richmond St W G+14 Concrete 1,91 469
GTHA MID-RISE AVERAGE 488
481 University Ave G+53 Concrete 20,618 494
11 Wellesley StW G+60 Concrete 10,644 546

GTHA HIGH-RISE AVERAGE 520
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SLIDE 11: Recall Doran’s studies of embodied carbon show that the ICCU’s embodied carbon is slightly less than his low-rise wood frame buildings with concrete foundations. 



Counter Balancing Carbon
with Timber

87% of the total embodied
energy is from concrete.
Athena

Image credits: Bruce Haglund
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Wood, is difficult to quantify. And to formulate reliable embodied carbon metrics for wood is more involved, because wood or rather forests are symbiotic ecosystems and harvesting trees sustainably is not the norm. Even so, natural materials like timber help counterbalance the carbon produced in concrete. The embodied carbon of wood members as calculated by Athena is negative 284 kg of CO2 per cubic meter! That means they sequester carbon, offsetting about half of the total emission from the concrete foundations. The Athena LCA was clear about one thing. Concrete is the tallest barrier to creating a net zero building, because it is the most carbon intensive. In fact, the concrete foundations, including rebar, accounted for 87% of the total embodied carbon of the Arena.


Or with stone.

Waugh-Thistleton
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While the ICCU Arena did not achieve the goal of net-zero carbon, it does compare favorably with other low-carbon buildings. It would fare better with the use of CLTs for the shear walls (replacing concrete) and by mindful materials choices as highlighted by Doran. In the ICCU Arena, the vast majority of the concrete is located in the foundation and shear walls, begging for an alternative to high-carbon concrete. Among alternatives to concrete are Amin Taha’s suggestion of replacing it with stone, namely post tensioned stone beams and foundations (Taha 2023) that Taha has demonstrated his idea successfully with construction of a 6-story mixed-use building at 15 Clerkenwell Close in London, UK.


Conclusion:
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Other projects are setting the stage for future zero-carbon arenas as viable low-carbon concrete alternatives become available. In our region of the North West, Remy Drabkin and her architect David Mead created a cutting edge Formula of concrete featuring a carbon sequestering admixture made from biosolids from the waste streams of municipal wastewater treatment plants (Build with Strength 2023). Drabkin’s carbon negative slab is at her winery, Remy Wines near Dayton, OR, USA. Future timber buildings can explore these alternatives to achieve net zero or better.


What about site concrete paving?
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Imagine if this had been used in the concrete foundation and site components. Another issue that surfaced is that site carbon is not reckoned in the LCA. This arial view shows the vast and routine areas of concrete paving used as walkways, retaining walls, and a plaza. With carbon in mind, this site design could easily be improved to lower the project’s carbon footprint.
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Overall, the ICCU Arena is a beautiful building, that brings together the richness of our state and local community and points toward a lower carbon future. 



Questions?
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