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At the building-scale,
sophisticated building

energy models (BEM) exist,

but require detailed

knowledge about the

building and its

environment.
3
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inventories (

energy demand are at the
intermediate neighborhood-

scale though this is where

2
-
9O o
© 5
&
— 0O
O w
L=

c O
= 8
O +
c @©
4y}

e
ef
89
=
mw @)
g2

(7))
-
O
B2
O
()
©
e
(e
()
-
O
O
)
>
() L
O N
> ()
(= O
© @)
& -

Very fe




Factors influencing energy demand
Potential for automated inputs

Hourly Energy
Estimates
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Central business district -
mostly high rises

.. ~Suburban
“mostly detached |
- : _ dwellings ‘ .



Gridded lidar data products
3D morphometrty of buildings and treesat 1 x 1 m

v = y

Knight and 49" in Vancouver (Goodwin and Coops, UBC, 2008)




What can we derive/inform from LIiDAR that is important to building energy use?

Building morphology
Archetype and form
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Residential Detached (1900-1964] 626
Residential Detached (1965-1990] 736
Residential Detached (1991-2009] 663

Residential Duplex 836
Residential Mulfiplex 983
Residential Rowhouse 1205
Residential Lowrise /Midrise 2812
Residential Midrise /Highrise 36693
Mixed-use 1631

166
166
166
195
200
209
206
223
772



Modelling 10°000s of buildings

An archetype approach
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Solar access and sheltering
Scaling of urban morphology

Same building archetype
|

Reference BEM run >
In unobstructed 4 BEM runs with
terrain Increasing

obstruction
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Fractional shading

Rapid calculation of potential direct sunlight

UBC
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Fractional solar access (Total = 1)
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Fractional shading calculated for for each building based on gridded LIDAR dataset
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Fractional shading

Impact on Energy Use Intensity (MJ m= year')

Residential Detached 1965-1990
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Building allometry

Lidar-informed scaling of building morphology
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. Mixed-use

Area coeffident 0.42
Volume coefficient 1.33

floors 6
height_per_floor 3.5
volume | 27566 |




Total building energy use

Increases with volume

Duplex

Detached
1900-1965

Detached
1990-2009

Rowhouses
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Energy intensity (m-3) for space heating

decreases with increasing volume
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Sensitivity to shading

% Fractional shading factor

Sensitivity to volume

% Building volume

Sensitivity to population

% Population
Average population of archetype
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% = derived using LIDAR for each individual building




12754 MJm?y
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aggregated to
50 x 50 m grid cells
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Building energy density (MJ m™2 yr 1)
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COZe Emissions
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Conclusions and Summary

Building energy demand has been scaled using a multiple linear
regression model based on parameters derived from a limited
number of generic runs in a BEM.

Settings of the generic BEM runs were informed by form data
extracted from LIDAR, and an archetype database that
Incorporates actual buildings and energy audits.

Inputs to linear regression equation for each individual building
were efficiently extracted from gridded LIDAR and land-use data.

Approach enables data-products on city or neighborhood-scale,

usable for urban planning, load forecasting, emission reduction and
atmospheric models (emissions, anthropogenic heat flux).
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