
Urban form, energy, and emissions: 
spatial simulation of climate change solutions

Jon Salter, Ron Kellett & Cynthia Girling
UBC School of Architecture +

Landscape Architecture

Green Smart Cities in the IoT Era March 20 2018



elementslab

Application of tools and methods for 
urban planning and design

Measured Visualization – spatial and 
3D representations of urban form tied to 
performance metrics

www.elementslab.ca

UBC School of Architecture
+ Landscape Architecture

Presenter
Presentation Notes
A brief introduction to our lab as context for the talk. What we do generally.



Communities in BC are heterogeneous

Many communities have limited/poor data

Challenge: find scalable and replicable solutions, 
and iterate multiple alternatives

Context: Energy and Emissions in British 
Columbia’s Built Environment

Presenter
Presentation Notes
An introduction to the project context for the work in this presentation. A PICS-funded project to explore solutions to reduce energy demand and emissions in BC’s built environment. Our challenge is to find scalable and replicable solutions for communities of many different sizes, densities and spatial patterns, many of which have limited data.



Province-wide Census Data Analysis



Land Use Analysis: 6 Cities

Presenter
Presentation Notes
We then selected 6 cities to look at in more detail (land use, parcels, etc.).  The criteria for the cities we selected were population, growth rate and geographic location.  The cities also needed to have open data (only 13 cities in BC have it currently).



Representative Patches of Urban Form

Presenter
Presentation Notes
We have completed 7 archetypes to date, ranging from low population density strip mall or big box forms, through single family archetypes all the way up to transit oriented development which is currently on present in the city of Vancouver.



Common
Patterns
Not all archetypes are 
present in each city…

… but many of the lower 
density patterns replicate 
across cities

* example, recognizable 
archetypes in Prince George, BC
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Presentation Notes
We have completed 7 archetypes to date, ranging from low population density strip mall or big box forms, through single family archetypes all the way up to transit oriented development which is currently on present in the city of Vancouver.

















Single Family Archetype: Energy

Presenter
Presentation Notes
This image shows the energy performance of the base case. You can see that it is a relatively homogenous mix on energy performance, with only 2 of our categories represented. Note that all of this work is organized and visualized in ArcGIS Pro.



Presenter
Presentation Notes
When we unpack it, we see that the 2 worst performing houses are the oldest house and the newest house. This is illustrative of something called the rebound effect, which states that as we build more and more efficient houses, we are compensating by also building bigger houses. As a result, the energy performance can be a wash.



Simulation Example: Retrofit/Replace Scenario

Retrofit houses @ 2% per year

• 80% inexpensive roof retrofits

• 20% to EnerPHit standard

Replace houses @ 1% per year

• 80% to current building code

• 20% to Passive House

Presenter
Presentation Notes
From the base case, we developed a future scenario, looking forward to 2050. Based on precedents in the literature, we decided to retrofit a portion of the houses at a rate of 2% a year. With 80% of retrofits being low cost roof replacements (with added insulation), and 20% being to the new Passive House EnerPHit standard. We decided to replace houses at 1% a year, similarly breaking them up into current code replacements (80%) and Passive House replacements (20%)….



Presenter
Presentation Notes
This image shows the energy performance of the base case. You can see that it is a relatively homogenous mix on energy performance, with only 2 of our categories represented. Note that all of this work is organized and visualized in ArcGIS Pro.



Presenter
Presentation Notes
And here is the retrofit/replace scenario. We see that, despite the fact that the Passive House and EnerPHit houses perform significantly better, the overall effect is only an 8% savings in energy…



Presenter
Presentation Notes
When we unpack this image, we see that the Passive House is performing to the Canadian Passive House standard, but the addition of so many new, large houses largely erases the benefits. Several municipalities in BC are considering house size restrictions, and this initial work seems to support that approach…



Building Energy Demand

Vancouver

Prince George

Kelowna



















IoT and AI scenarios… How might they affect different 
patterns of urban form?

Recent proposal – connecting livability indicators to urban 
form, to incorporate them in future design and planning

Starting idea - design for livability/well being and make 
energy performance an outcome

Parting Thoughts…

Presenter
Presentation Notes
An introduction to the project context for the work in this presentation. A PICS-funded project to explore solutions to reduce energy demand and emissions in BC’s built environment. Our challenge is to find scalable and replicable solutions for communities of many different sizes, densities and spatial patterns, many of which have limited data.
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