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1. Context



1.1 - Problem

Our energy use depends on the way we use

Energy use in SPACEHG Emissions in
Quebec the Great Montreal

B Agriculture ® Solvents
1% 0%

Sources:Brownstone et Golob (2009), Mindali et al (2004), RnCan(2012) & PMAD (CMM, 2010)



1.1- Problem

Our energy use depends on the way we use space
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1.2 - Study Area
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1.3 - Objectives of the Project

Create a decision-making aid tool for
stakeholders in land-use planning

< Objectivel.:
Design an optimization model to outline links
between energy use and land-use planning

< Objective 2:
Measure the impacts of energy choices on issues
of sustainable development in land-use planning



2. - Methodology
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3. Objective 1: OPTIMISATION



3.1- Scenario building

» 3 scenarios of population e 3 scenarios of emission
growth constraints
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3.1- Scenario building

Constraints in energy efficiency and cost
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3.2 - Remote sensing: Classification of
Urban Landscapes
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3.2 - Remote sensing: Classification of
Urban Landscapes (zoom in)
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3.3 GIS: data by Land-use Unit

‘1D 1004497 Commercial
Classification Institutional ar_1d
Commercial Energy GHG
‘Energy (GJ) 169548,3 Intensity Intensity
4Emissions (t) 4052,20 (GJ/m2) (t/T))
~Area (m2) 143685,64 Share (%) 1,18 23,9

Urban Landscape = Medium Density

Electricity | 53,5 0

Natural Gas| 40,1 32,5

Petroleum | 3,33 10
Other 3,1 7,5
Woods 0 0

Sources: Natural Ressources Canada (2012)
GIS: Observatoire du Grand Montréal
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2.4 Optimization : Energy Reterence
System

FOR ONE UNIT (KM?)
Urban Landscape : High
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4. Objective 2: MCDA



4.1 - Results
Energy Use and GHG Emissions by
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4.2 - Actions: Urban Patterns

Actions 1-3:
Pop. 0,45%/year,
GHG reductions
15-25-40%
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4.2 - Actions: Urban Patterns
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4.2 - Actions: Urban Patterns

Actions 7-9:
Pop. 1,5%/year,
GHG reductions
15-25-40%
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4.3 - Issues, Criteria and Indicators

Codes and
Criteria
direction
CGE Tonnes/hab

GHG emissions per hab MIN

s |G| e
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2 2
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, TED o
: ' TEP Number of
Migration flow habs.




4.4 — Analysis with PROMETHEE:
Actions and stakeholders
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4.4 Analysis with PROMETHEE: Decision
Matrix

9
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Pref fn

ENE ENH S0Q SOS TED TEP
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4.4 Analysis with PROMETHEE:
Questions to answer...

Question for each Stakeholder

What is the best action? PROMETHEE | et Il Ranking

Why is it a good action?

Why not another one? GAIA, Profils, Arc-en-ciel

What is the influence of

weighing on each criteria? GAIA, Walking Weights

Is it robust? Visual Stability Interval
Question for all Stakeholder
Is there a consensus toward
an action? PROMETHEE Group Ranking, GAIA-
Who is opposed to that Scenarios
action? and Why?

Is it robust? Visual Stability Interval, Walking weights



4.4 - Prométhee |l Rankings
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4.4 — Action Profiles: Strengths and
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4.4 — PROMETHEE Rainbow
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4.4 - Gala Profiles

Decision Axis Position by stakeholder

Actions Rank :
6.8, V.[3,9,2, 5,1, 4

Actions Rank :
1,[7]2]16] 4)[3] 18,5} |9

e S0 50
—ton¥ action?
..acan_ﬂ E& sy
EC
Ci EC
TE o TE
) actions Ev - I TE
[ -
Global Change Environnent Economic

Actions Rank :
7ia/ 213,146 8|59

tion7

# action3
ool

CG

A =rtion s

50

yction7

ction7

9 action3 £
B acti
CG
TE

A arHnnG

Energy
Actions Rank :

6,/ 7, 8.8, 2.9, b 1, B

Social
Actions Rank :
7/1613/18!111112! 5,419

Space
Actions Rank :
716,811)12113!14! 95




4.4 - Gala Profile for all Stakeholders

action4




4.4 - Weight Sensitivity Analysis (multi-

stakeholders)

Weight Stability Interval

(WSI) 1 Action 2 Actions 3 Actions
Criteria Weight (%) + - + - it -
16 0 22,16 | 10,68 | 22,16 | 12,22 | 20,94
16 1y 25,85 | 1,37 | 21,03 | 9,24 | 19,25
16 8,41 31,32 | 8,41 | 21,62 | 12,77 | 20,82
9 0 13,05 | 3,45 | 13,05 | 5,43 | 13,05
9 {7 100 3,74 100 7,210 100
8 0 100 2,45 100 5,26 100
8 1,66 24,05 | 166 | 13,31 | 1,66 11,8
TED 9 0,77 62,23 114161 |l|2el46| ]| 4,69 9,84
TEP 9 0 20,08 0 18,05 0 16,12




4.4 - Weight Sensitivity Analysis (multi-
stakeholders)
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5. — Discussion and Conclusion

<+MCDA pilot is successful. Next step Is to
submit it to real stakeholders.

<»Scenarios could be design with more details.
<Energy database needs more calibration.

<1/3 of energy consumption comes from
transportation. Not included in the present
analysis.



References:

Brownstone, D., & Golob, T. F. (2009). The impact of residential density on vehicle usage and energy consumption. Journal of Urban Economics,
65(1), 91-98.

Cirano (2016). Le portail d'information sur le Québec d’aujourd’hui. [s.d.]. Région métropolitaine de Montréal. Récupéré le 27 avril 2016 de
http://ge.cirano.qc.ca/theme/regions/montreal_et _ses_regions_adjacentes/region_metropolitaine_de_montreal

CMM. (2014) Données géoréférencées. [s.d.]. Utilisation du sol 2014. Récupéré le 25 Avril de : http://cmm.qc.ca/donnees-et-territoire/observatoire-
grand-montreal/produits-cartographiques/donnees-georeferencees/

MERN (2011). Tableau 7.1.3.2 — La consommation industrielle d’énergie selon les industries(1986-2011). Récupéré le 27 avril 2016 de
http://mern.gouv.gc.ca/energie/statistiques/statistigues-consommation-secteur.jsp

MERN (2013). L'énergie. [s.d.]. Statistiques énergétiques. Récupéré le 28 avril de http://mern.gouv.qc.ca/energie/statistigues/

Mindali, O., Raveh, A., & Salomon, |. (2004). Urban density and energy consumption: a new look at old statistics. Transportation Research Part A:
Policy and Practice, 38(2), 143-162.

Ramachandra, T. V. (2009). "RIEP: Regional integrated energy plan." Renewable and Sustainable Energy Reviews 13(2): 285-317.

Ressources naturelles Canada (2012a). Secteur résidentiel - Québec. Base de donnée nationale sur la consommation d’énergie. Récupéré le 25
avril 2016 de Ressouces naturelles Canada

Ressources naturelles Canada (2012b). Secteur commerciale et institutionnel - Québec, Base de donnée nationale sur la consommation d’énergie.
Récupéré le 25 avril 2016 de Ressouces naturelles Canada

Ressources naturelles Canada (2012c). Secteur industriel- Québec, Base de donnée nationale sur la consommation d’énergie. Récupéré le 25 avril
2016 de Ressouces naturelles Canada

Ressources naturelles Canada (2012d). Secteur agricole- Québec, Base de donnée nationale sur la consommation d'énergie. Récupéré le 25 avril
2016 de Ressouces naturelles Canada

Ressources naturelles Canada (2012). Tableau 6 : Consommation d’énergie secondaire et émission de GES par utilisation finale et source d’énergie
— Excluant les GES liés a I'électricité, Récupéré le 25 avril 2016 de Ressouces naturelles Canada

Statistique Canada (2006). Recensement de I'agriculture de 2006. [s.d.]. Le Recensement de I'agriculture dénombre 30 675 fermes au Québec.
Récupéré le 25 avril 2016 de http://www.statcan.gc.ca/ca-ra2006/analysis-analyses/que-gc-fra.htm

Statistique Canada (2011). Enquéte national auprés des ménages. Récupéré a I'aide de GéoSuite

Whitmore, J. et Pineau, P.-O. (2015). L’ Etat de I’ énergie au Québec est une initiative de la Chaire de gestion du secteur de I’ énergie de HEC
Montréal.

World Bank (2015). [s.d.]. Co2 emissions (metric tons per capita). Récupéré le 10 fevrier 2016 de :
httn://data worldbank ora/indicator/EN ATM CO?E PC?2disnlav=aranh


http://mern.gouv.qc.ca/energie/statistiques/statistiques-consommation-secteur.jsp
http://mern.gouv.qc.ca/energie/statistiques/
http://www.statcan.gc.ca/ca-ra2006/analysis-analyses/que-qc-fra.htm

THANK YOU! Questions?

- Shazmane Mandjee, M.Sc. Geography, UQAM
s.mandjee@gmail.com

- Arthur de Robert, M.Sc. Environment, UQAM
arthur.de.robert@gmail.com

- Jean-Philippe Waaub, Professor, geography, UQAM
waaub.jean-philippe@ugam.ca

With the contribution of NSERC fund's ® gﬁ:ﬁ‘é

Institutions .. % UQAM é‘ﬂ ERAD

oooooo
GROUP FOR RESEARCH

GEIGER IM DECISION AMNALYSIS


mailto:s.mandjee@gmail.com
mailto:arthur.de.robert@gmail.com
mailto:waaub.jean-philippe@uqam.ca

4.4 - Weight Sensitivity Analysis (multi-
stakeholders)
CGE SOS

il A

;

110

Poids

Poids

:
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