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What A Marine Biologist Thinks Designers Should 
Know About Carbon and Wood –  

Whether They Like it or Not 

Presenter
Presentation Notes
So perhaps a better title is this. What A Marine Biologist Thinks Engineers Should Know About Carbon and Wood



Learning Objectives 

1. Gain an understanding of the IPCC’s recommendation 
about the role wood and forests can play in assisting in 
mitigating climate change. 

2. Learn about the changing regulations about carbon 
that influence both operational and embodied carbon 
impacts; 

3. Understand the temporal impacts of avoided emissions 
and the benefits of incorporating effective design, off-
site construction practices and material strategies to 
reduce embodied impact of designs and enhance 
performance;  

4. Understand how new LCA tools can easily and 
effectively provide pre-design information about 
materials and embodied impacts. 



Presentation Overview 
• International Focus On Carbon 
• How Nations Are Addressing Global Carbon 

Aspirations 
• The Role Of Forests And Wood 

–  3-S Concept  Sink, Sequester, Substitute 

• Carbon In Construction  
• Life Cycle Analysis (LCA)  
• Embodied Impact – Trends, Tools 
• Thoughts / Recommendations For Designers 













First Building Code 

If a builder build a house for some one, and 
does not construct it properly, and the 

house which he built fall in and kill its owner, 
then that builder shall be put to death.  

If it kill the son of the owner, the son of that 
builder shall be put to death.  
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Presenter
Presentation Notes
In the framework of COP21, each State was to publish its own INDC, or “Intended Nationally Determined Contribution”, i.e. its commitment to reduce greenhouse gas emissions by 2025-2030 in order to mitigate global warming. Countries can also choose adaptation measures, meaning policies aimed at reducing the effects of global warming that are already being felt.Potential areas for saving energy have been identified and countries are willing to adapt the most effective practices across all levels of development.  Sectoral energy efficiency measures (buildings, transport, industry, etc.) have been planned by many countries.The various economic sectors are taken into account: of the 60 or so countries which had announced a contribution by mid-September, almost 90% have set mitigation objectives (i.e. the reduction of greenhouse gas emissions) at the economic level. T
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Decarbonization – increasing polices affecting both performance 
and embodied impacts. 

Presenter
Presentation Notes
Sectoral energy efficiency measures (buildings, transport, industry, etc.) have been planned by many countries.�Increasingly, policies which regulate or emphasize carbon reduction are being seen.  Europe has lead the way, North America has followed suit.  Some cities, like Brussels and Zurich, have clear mandate from their citizens to reduce their energy burdens and, as a result, their carbon footprints.  In a first for North America, the City of Vancouver is requiring developments on rezoned land to report embodied impacts with a goal of achieving both Net Zero Energy and Net Zero Carbon.  



Provincial Initiatives 

Carbon Taxes – BC & AB 
Cap and Trade– ON and QC 
Energy Step Code -- BC 



THAT COUNCIL: 
• Direct staff to build all new City-owned and 

Vancouver Affordable Housing Agency (VAHA) 
projects to be Certified to the Passive House 
standard or alternate zero emission building 
standard.  (Applicable for all City-owned and VAHA 
building projects by 2018.) 

• Incorporate requirements for calculating and reporting 
embodied emissions in the restructured Rezoning Policy 
for Green Buildings 

 

City of Vancouver 
July 5, 2016 
Policy Report 
Development And 
Building  
 

Passed July 12, 2016 

Presenter
Presentation Notes
.  In a first for North America, the City of Vancouver is requiring developments on rezoned land to report embodied impacts with a goal of achieving both Net Zero Energy and Net Zero Carbon.  
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Importance of Forests as Carbon Sinks 
Deforestation account for 20% of GHGs (IPCC 2007) 

Change in Global Forest Cover  
2000-2005 – FAO 2006 

Presenter
Presentation Notes
Deforestation is a significant problem, but it is largely limited to the tropics and is not related to commercial forestry. Most of the land that is deforested is converted to agriculture or other non-forest uses.Deforestation worldwide results in up to 17,4% of global human-caused GHG emissions (IPCC).�Many forested countries, including those which are economically least developed, have planned to stem – or even to reverse – deforestation trends. China, for  example, has been undergoing afforestation programs for many years.  So have many Mediterranean countries. and it shows.Forests are natural “carbon sinks” and are also beneficial for adaptation and the preservation of biodiversity. Over the past four decades, forests have moderated climate change by absorbing about one-quarter of the carbon emitted by human activities such as the burning of fossil fuels and the changing of land uses. Carbon uptake by forests reduces the rate at which carbon accumulates in the atmosphere and thus reduces the rate at which climate change occurs. How well forests will continue to remove the proportion of carbon now being emitted by human activities will affect the future rate of carbon increase in the atmosphere.



Canadian Certification in the Global Context 
Dec 31, 2016  





Winter Season -- 
Northern Hemisphere 

Forests 



Forest, Product and Substitution Pools 
(concrete frame vs wood) 

Presenter
Presentation Notes
And while both forests and wood products sink or sequester CO2E, the value of avoided emissions should not be underestimated.  



From the Co-Recipients of the 2007 Nobel Peace Prize… 

   “In the long-term, a sustainable forest 
management strategy aimed at 
maintaining or increasing forest carbon 
stocks, while producing an annual 
sustained yield of timber, will generate the 
largest sustained mitigation benefit”. 

 
     IPCC 4th Assessment  Report, November, 2007, (Nabuurs 

et al.) 

Presenter
Presentation Notes
Forests are huge carbon storage tanks.  How we treat our forests has a tremendous impact on GHG emissions and climate change.  The IPCC says forests can store carbon and produce forest products in a sustainable manner. ‘If we really want to mitigate climate change, one of the best ways is to manage forests sustainably and produce wood for use in buildings’ 



Life cycle phases of buildings and building products  Athena Sustainable Materials Institute 

Presenter
Presentation Notes
One area which is becoming more accessible to regulators is Life Cycle Analysis.  Simply put, a scientific process to evaluate the environmental impacts of our material decisions.  



Presenter
Presentation Notes
So, how is this relevant to wood?  Well, here are a couple of examples from Canada comparing the various high level impacts between the three major structural materials in Canada.  LCA studies have shown that wood has a positive environmental footprint in several categories.  It produces less solid waste in landfills, it releases less air pollution in manufacture and building life, it has the lowest GHG index, and overall, has the lowest energy requirements.   With so many reasons to use wood, why would we not want to build more with wood?Canadian Wood Council



Presenter
Presentation Notes
Etool is a Life Cycle Analysis tool used in Australia.  Interesting the degree to which heating and cooling play a role in carbon.  That will vary by region, energy sources and climate.  The key aspect is that LCA tools must be aligned with specific locations.  A tool fro Australia should not be used in Europe or Canada, for example.



Presenter
Presentation Notes
Etool is a Life Cycle Analysis tool used in Australia.  Interesting the degree to which heating and cooling play a role in carbon impact. Of course, that will vary by region, energy sources and climate. Except for legislation requiring Passive house certification, most building regulations deal only with thermal energy use – heating and cooling – not total energy impacts. Basically, the energy use that is affected by the building envelope. The key aspect is that LCA tools must be aligned to specific locations.  A tool from Australia should not be used in Europe or Canada, for example.



Example 

27 

Study of GHG emissions of a floor 
structure 6m x 6m  

in an office building. 

Steel deck and 
Concrete Solution 

Wood 
Solution ? 

Presenter
Presentation Notes
It is important, though, to ensure you compare functional units.  In other words, compare the collection of materials in a particiular assembly that undertakes the same work as another system.  In this example, using a tool developed by Cecobois in Quebec in Canada, two different floor assemblies are compared.



Steel-Concrete Solution 

28 

Results 

Potential GHG 
emissions 

Quantity of 
materials 

Steel girders and steel 
deck with concrete slab 

Concrete 

3 m3 

540 
kg CO2 

 

Steel 
deck 

0.4 
tonnes 

868 
kg CO2 

Steel girders 

0.2 
tonnes 

198 
kg CO2 

Steel 
reinfor-
cement 

0.03 
tonnes 

27 
kg CO2 

1633  
kg CO2 éq. 

CIRAIG 
Data  

Presenter
Presentation Notes
The first system being evaluated is a steel concrete floor assembly.



Wood Solution 
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Results 

Potential GHG 
emissions 

Quantity of materials 

Wood floor trusses 
with OSB 

Truss 
plates 

0.05 
tonnes 

63  
kg CO2  

Nails 

0.04 
tonnes 

37  
kg CO2 

OSB 

75 m2 

75  
kg CO2  

Softwood 
lumber 

0.9 m3 

32  
kg CO2  

276  
kg CO2 éq. 

CIRAIG 
Data 

Presenter
Presentation Notes
The second is a wood solution that could be used to perform the same job in the same building as the previous steel system. You can see the comparative impacts.  The CO2 equivalent for wood is 276 kg versus 1633 kg for the steel concrete assembly.As you can see, there is an avoided emission of more than 1300 kg.  However, there is also some sequestered carbon in the wood assembly.  In this case, the .9 cubic metres of construction softwood, with a specific gravity of .45, would sequester about 750 kg CO2 equivalent.  This is not included in the calculation, though.



Operational  
 

Embodied  
 

Whole Life Impacts – 80 Years 
Variablility -- 12 – 20% (15%) 

Presenter
Presentation Notes
Now, let’s look at WHEN carbon emissions are made or avoided.  Because time is also important.  So, lets look at a typical building over 80 years.  In this instance, we are using an embodied impact of 15% of total impact inclusive of operational.



Year 0 Operational  
Impacts 

Embodied  
Impacts 
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Presentation Notes
So, on the day the building gets turned over for use, ALL of the impacts associated with the building are material and construction related, since there have been no operational impacts.
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But after one year, this is the relative value of the embodied to operational impacts.
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Year 12 
Operational = Embodied 

Presenter
Presentation Notes
After 12 years, the embodied impacts are equivalent to the operational impacts.



Operational  
Impacts 

Embodied  
Impacts 

Year 25 



Operational  
Impacts 

Embodied  
Impacts 

Year 40 



Operational  
Impacts 

Embodied  
Impacts 

Year 60 



Operational  
Impacts 

Embodied  
Impacts 

BUT…… 

Year 80 



What if…. 
• The building is poorly maintained and becomes 

decrepit before 80 years? 
• The building is operated more efficiently? 
• The land becomes more valuable for another use 

and the building is removed? 
• The building uses using non-depleting, low-

impacting energy, rendering operational impacts 
moot? 

• The building is rendered unusable (fire, storm, 
flood…) 

• A carbon tipping point is reached before the 
modeled savings are reached? 

• Or….??? 

Presenter
Presentation Notes
But there are a great many variables that impact the future.  The building is poorly maintained and becomes decrepit?The building is operated inefficiently?The land becomes more valuable for another use and the building is removed?The building uses using non-depleting, low-impacting energy, rendering operational impacts moot?The building is rendered unusable (fire, storm, flood…)People can’t stand the building?A carbon tipping point is reached before the modeled savings are reached?All of these occur AFTER the building has been built and are generally going to alter the timeframe of the modeled performance and may skew  relative importance of the embodied impacts to a higher level. 



Impact 

Time 

Atmospheric CO2  (ppm)   

450? 500? 475? 

0 

100%  
Embodied Impact  

on Day 0 
Embodied + Incremental Cumulative  
Operational Energy 

Material  
1 Reg. 

Material 1  
High Perf. 

Material 2  
High Perf. 

Material  
2 Reg. 
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Presenter
Presentation Notes
As we can see in this schematic, options for design may be both material and/or operational performance based and there may also be temporal issues which are relevant, in this case a future condition of a carbon tipping point.
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Annie Levasseur, ing. Ph.D. 
Chercheuse, Coordonnatrice scientifique 
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Presentation Notes
So let’s look at some issues around time of emissions –present and future.
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Net present value  
1 tonne CO2 in 80 years  .24 tonne. 

Annie Levasseur, ing. Ph.D. 
Chercheuse, Coordonnatrice scientifique 

Presenter
Presentation Notes
When we make an investment into our future retirement plan, it is generally accepted that the money we invest earlier has greater potential to earninterest than the money we put in at the end of our working life.  There is also a cumulative 



Performance 
Opportunities 



Retrofitting / Renovation of  
Existing Buildings 

• Biggest impact for 
environmental benefit 

• Densification – opportunity 
to green existing buildings  

• Envelope improvement 
using wood products 

• Windows and doors 

Courtesy Heiko Thomen / Ronald 
Giroux (Image: www.kaempfen.com) 

Exterior performance modification  
using wood products 



Apartment Building 
Renovation and addition of another storey 

• Motivation and concept: 
– Limited space in Switzerland 
– Wood as lightweight material 
– Financed renovation by additional 

storey -- (cover 2/3 of building 
costs) 

46 
(Images: www.kaempfen.com) 

Wood Construction 

Courtesy Heiko Thomen / Ronald Giroux 

before renovation 

46 after 
renovation 



Building Physics / Passive Design  



Diana Ürge-Vorsatz, Director of the Center for Climate Change and Sustainable 
Energy Policy (3CSEP) at the Central European University 
 
Speaking at the North American Passive House Network, Vancouver, B.C. 
Octopber 1, 2015 

“The best way for the planet to reduce 
it’s energy use is to build and retrofit 
every building to a passive design. 
Compared to all other options, doing 
so is the fastest, most effective and 
least expensive way to reduce energy.“ 

Why Passive 



Passive House Multi-Family 

• 388 Skeena 

388 Skeena – Vancouver BC 

Courtesy Scott Kennedy 
Cornerstone Architecture  

Presenter
Presentation Notes
388 Skeena is a six storey mixed use building.It is being done under the City of Vancouver’s Rental 100 program.  The program has policies which support the rezoning of arterial sites with access to community services and transit to higher densities within a six storey height envelope.



7350 Fraser 

7350 Fraser Street – Vancouver BC – Archstone Projects 

Courtesy Scott Kennedy 
Cornerstone Architecture  

Passive House Multi-Family 

Presenter
Presentation Notes
7350 Fraser is a four to five storey residential rental building for Archstone Projects.It is being done under the City of Vancouver’s Rental 100 program.  The program has policies which support the rezoning of arterial sites with access to community services and transit to higher densities.



Economics of Passive House 

• Cost Savings 
– Eliminate installing a hydronic heating system 

• Capital Saving 
• Maintenance Reduction 
• Electric Energy costs passed on to tenants 

• Additional Costs 
– Additional insulation 
– Air sealing 
– Windows 
– High Efficiency HRV’s 
– Details to eliminate thermal bridges  

Courtesy Scott Kennedy 
Cornerstone Architecture  

Presenter
Presentation Notes
We are in the process of verifying our estimates so I’m not going to put them up on the screen but the argument we are taking looks like this.We have estimated the capital cost savings from eliminating the Hydronic system to be about $400,000We have estimated that the present value of the maintenance, energy and depreciation costs of the Hydronic System to be about $200,000The premium for upgraded windows is about $ 200,000The premium for the upgraded wall is about $ 150,000The premium for upgraded roof insulation $ 75,000Upgraded Floor insulation $75,000ASHRAE compliance needs some form of heat recovery ventilation and the new building code requires positive ventilation of all rooms so the air ducting would be present anyway.  The only real upgrade cost for ventilation is the high efficiency HRV’s which we estimate to be about a $50,000 premium on 22 units.The balance of the additional costs are associated with detailing to eliminate thermal bridging.  This involves rigor in the design and some hard to quantify costs for construction.Peak Construction is estimating that the capital cost will be 3% more that a LEED Gold certified building.



Framing - stage 1 

Courtesy Scott Kennedy 
Cornerstone Architecture  

Presenter
Presentation Notes
This is a series of slides showing the basic sequence of events to frame our interior insulated wall.First the 2x6 exterior wall is built.Interior walls are framed 6” short of connecting to the exterior wall to allow sealing of the air Barrier.



Air Barrier - stage 1 

Courtesy Scott Kennedy 
Cornerstone Architecture  

Presenter
Presentation Notes
A vapour diffusion open membrane such as Siga’s Majvest which is significantly more robust than Tyvek is draped over the wall.



Framing - stage 2 

Courtesy Scott Kennedy 
Cornerstone Architecture  

Presenter
Presentation Notes
The floor system is framed.



Air Barrier – stage 2 

Courtesy Scott Kennedy 
Cornerstone Architecture  

Presenter
Presentation Notes
The vapour diffusion open material is folded over the end of the floor structure.



Framing – stage 3 

Courtesy Scott Kennedy 
Cornerstone Architecture  

Presenter
Presentation Notes
The upper wall is framed, possibly with a moisture barrier already in place.



Framing – stage 4 

Courtesy Scott Kennedy 
Cornerstone Architecture  

Presenter
Presentation Notes
The upper floor is installed.



Window Installation 

Courtesy Scott Kennedy 
Cornerstone Architecture  

Presenter
Presentation Notes
The window opening preparation is undertaken and windows are installed. 



Insulation - stage 1 

Courtesy Scott Kennedy 
Cornerstone Architecture  

Presenter
Presentation Notes
The exterior stud cavity is insulated



Air Barrier 

Courtesy Scott Kennedy 
Cornerstone Architecture  

Presenter
Presentation Notes
2” of thin polymer faced EPS insulation is installed to form the primary air and vapor barrier.Seams are foamed and taped using high quality tapes such as Tescon or Siga products.Windows are taped to form a continuous air barrier.The vapour diffusion open membrane over the floor ends is tape sealed to the EPS at both the floor and the ceiling.



Floor and Intersection Insulation 

Courtesy Scott Kennedy 
Cornerstone Architecture  

Presenter
Presentation Notes
To insulate the joist ends 6” of 2 lb. foamed polyurethane is installed in the joist cavity.  The 2lb. foam insulation is vapour impermeable.  This part of the assembly dries to the exterior rain screen.The wall to wall intersection, which cannot be accessed once framed, is insulated with a solid block of EPS foam.



Framing – stage 4 

Courtesy Scott Kennedy 
Cornerstone Architecture  

Presenter
Presentation Notes
The inner service cavity wall is framed.Electrical and other services are installed.



Insulation final 

Courtesy Scott Kennedy 
Cornerstone Architecture  

Presenter
Presentation Notes
The service cavity wall is insulated along with the floors and party walls.



Heating Energy 

• Statistics Canada indicates the following 
average heating energy use in Canada: 
– Existing Buildings: 150 kWh/m2 

– New Buildings:  100 kWh/m2 
• Passive House: 

– Target Energy 15 kWh/m2 
– 388 Skeena PHPP Model 11 kWh/m2  

Courtesy Scott Kennedy 
Cornerstone Architecture  

Presenter
Presentation Notes
Passive House energy targets are significantly better than the typical Canadian Building. Our fist run through on PHPP software indicated that our heating load was about 10% of the Canadian average for new construction.



Operational  
 

Embodied  
 

Whole Life Impacts Passive Design– 80 Years 
12% increase in Embodied Impact, 85% Energy Reduction 

Presenter
Presentation Notes
Now, let’s look at the relative impacts of a near passive design (80% energy reduction).  In this instance, we are using an embodied impact that has been increased by 12% to account for the additional materials in the deisgn.



Year 0 Operational  
Impacts 

Embodied  
Impacts 

Presenter
Presentation Notes
So, on the day the building gets turned over for use, ALL of the impacts associated with the building are material and construction related, since there have been no operational impacts.



Operational  
Impacts 

Embodied  
Impacts 

Year 1 

Presenter
Presentation Notes
But after one year, this is the relative value of the embodied to operational impacts.



Operational  
Impacts 

Embodied  
Impacts 

Year 5 



Operational  
Impacts 

Embodied  
Impacts 

Year 30 



Operational  
Impacts 

Embodied  
Impacts 

Year 60 



Operational  
Impacts 

Embodied  
Impacts 

Year 80 



Operational  
Impacts 

Embodied  
Impacts 

Year 80 

Conventional  
Performing 
Building 



Modern Tall Wood  Buildings in Canada 



– 13-storey mass timber (12 + 1 concrete podium) 
– Incorporates a CLT core as the LLRS + CLT shearwalls 
– 800 m2 floor area @ 40m 

 Fire, structural & acoustics testing performed to 
support design/approval 

 Construction is underway 
 A mixed of commercial and residential  

Origine: Quebec City 

When complete, it will sequester 
more than 2000 tonnes of CO2e 



 18 Storeys: 1 concrete + 2 concrete cores supporting   17 storeys 
of mass timber (a students residence) 

 Encapsulated CLT and glulam columns  

 Two-way CLT floor system: NO BEAMS! 

 Innovative post-post connection system  

 Mock-up built to verify constructability 

 In-situ testing and monitoring  

UBC TWB Mock-up 

UBC Brock Commons: Vancouver 

Source: Naturallywood.com 



Brock Commons 
Exposed wood before Drywall 

Connection at junction of 4 CLT panels 



Brock Commons 

Concrete Core elevator shaft 

Concrete topping before drywall 



Brock Commons 
No Exposed wood, 3 layers of drywall 



Aug 12 
Week 10: 17 

Storeys 

Courtesy of  SEAGATE Structures LTD 



Credit: Structurlam Products, Penticton BC and naturallywood.com https://www.youtube.com/watch?v=GHtdnY_gnmE  

Presenter
Presentation Notes
Brock Commons Timelapse Video Used with Permission for Onetime use in a presentation at the Wood WORKS! Wood Design Luncheon in Kelowna.Credit: Structurlam Products, Penticton BC and naturallywood.comhttps://www.youtube.com/watch?v=GHtdnY_gnmE

https://www.youtube.com/watch?v=GHtdnY_gnmE


Brock Commons Carbon Impact 



Presenter
Presentation Notes
I am very privileged to live in British Columbia, where we have not only spectacular forests, but some of the best managed forest resources on the planet. Resources which can serve many purposes.  This forest , for example, is 100 metres from my house.  On a broader scale, though, concern for the environment is one of the great unifying forces on the planet.  It permeates what we do, how we do it, and how much we do. And well it should. Our forests and wood are key instruments for not just reducing our impacts but reversing them.  So, I leave you with a few thoughts.



CARBON CONSIDERATIONS 
SINK 

SEQUESTER 

OPERATIONS 

SUBSTITUTE 

TIME 

Presenter
Presentation Notes
There is great complexity to carbon and the built environment.  Engineers should make an effort to understand a few key aspects in the carbon world that can positively impact their material choice and benefit wood.  And it starts with the forest.  Understand that as we increase the amount of land growing forests, and the capacity oft hat land to grow wood, we will be working to mitigate climate change.When you build with wood, you are sequestering CO2 for as long as that wood remains intact.  These delayed emissions may be more valuable if made today than they are down the road.When you have the choice to choose between materials, remember, wood’s low embodied carbon footprint, coupled with the fact it is renewable AND sequesters carbon where other materials may emit CO2 can enhance the environmental benefit of wood.Time is NOT on our side.  Changes in our carbon emissions TODAY are important especially if a carbon tipping point is near.The need to enhance the performance of our buildings is well accepted and provides a golden opportunity for wood due to its thermal conductivity properties.  No other material can so easily adapted to higher building exectations.



What A Marine Biologist Thinks Designers 
Should Know About  Carbon and Wood 
• Regulations about Carbon impacts will only 

increase in the future 
• Know the direction of local regulations and 

aspirations regarding carbon 
• Understand the rationale, methodology and 

temporal aspects about embodied and avoided 
carbon impacts 

• There is no perfect building material  
• Learn about the appropriate, credible LCA tools for 

your region.  
• Be an advocate for knowledge about wood at your 

alma mater. 
• Build the best performing building you can. 



Why Wood? 

•Avoids CO2 
•Strong 
•Lightweight 
•Flexible 
•Diverse 
•Attractive 
•Easy to Use 
•Available 
•Inexpensive 
•Versatile 

•Carbon Sink 
•Renewable 
•Recyclable 
•Reusable 
•Organic 
•Cleans Air 
•Cleans Water 
•Provides O2 
•Biodegradable 
•Habitat Source 

If Not Wood, what? 
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