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Outline of Presentation 

• Studies in 2011-12 

– Low Carbon Society Scenario: Toward 2035 
Bhopal 

–Building Sector Studies 

• Dissemination Workshop and Publication 

• Work in Progress 

• Future Work 



Developing Low Carbon Cities:  
A Study of Bhopal, India 

Case Study Area: Bhopal 
• The city is centrally located in India 
• The climate is composite climate representing a large 

part of India 
• The city has physical features like large water body, 

Hills and forests for analysis of local variations. 
• A million plus city, it can represent many large Indian 

cities. 
• Amongst the 21 fastest growing cities in India. 

LCS Study Methodology 
• Quantification of scenario estimates of Bhopal district 
• Narrative storylines of  likely future 
• Description of sector-wise details  of likely future  
• Quantification of the macro-economic considerations 

and social aspects 
• Identification of possible effective policy measures 
• Develop action plan for policy measures 



0

2

4

6

Output ( Bn INR) Energy Demand GHG Emissions

V
al

u
e 

fo
r 

2
0

0
5

=1
 

Industrial Sector 

2005 2035 BAU 2035 LCS

0

2

4

6

No of Household Energy Demand GHG Emissions

V
al

u
e 

fo
r 

Ye
ar

 2
0

0
5

 =
 1

. Residential Sector 

2005 2035 BAU 2035 LCS

0

1

2

3

4

5

6

Commercial Floor
Space

Energy Demand GHG Emissions

V
al

u
e 

in
 Y

ea
r 

2
0

0
5

 =
 1

. 

Commercial Sector 

2005 2035 BaU 2035 LCS

0

2

4

6

Freight Transport
Demand

Energy Demand GHG Emissions

V
al

u
e 

o
f 

Ye
ar

 2
0

0
5

 =
 1

. Freight Transport 

2005 2035 BAU 2035 LCS

0

2

4

6

Passenger Transport
Demand

Energy Demand GHG Emissions

V
al

u
e 

fo
r 

Ye
ar

 2
0

0
5

 =
 1

. Passenger Transport 

2005 2035 BAU 2035 LCS

Transport Sector  Policy Measures 
• Technology Efficiency Improvements  
• Fuel Switch  
• Improved Traffic Management 
• Shift to Public Transport  and 
• Implementing Integrated Transport Management 

System 

Industrial Sector policy measures 
• Technology Efficiency Improvements  
•  Fuel Switch  

Residential & Commercial Sectors’ Policy Measures 
• Efficiency Improvements in End Use Devices 
• Fuel Switch  
• Behavioral Changes 
• New Technology Adoption & Retrofitting 
• Improved Material Efficiency in Buildings 
• Change in the Nature of Power Supply 
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Bhopal: GHG Emissions  & 
Contributions from Mitigation Policies 



GHG Emission Scenario and Interventions 
Mitigation Contribution 
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Bhopal LCS: Seven Actions  
Action 1: 
Green 
Governance 

Action 2: 
Holistic 
Habitat 

Action 3: 
Sustainable 
Style 

Action 4: 
Cellular 
City  

Action 5: 
Form and 
Flow 

Action 6: 
Nurturing 
Nature 

Action 7: 
Rural 
Riches 

    SECTORAL CONTRIBUTION 

  
ACTIONS Residential Commercial Industry 

Passenger 
Transport 

Freight 
Transport 

1 GREEN GOVERNANCE           
2 HOLISTIC HABITAT           
3 SUSTAINABLE STYLE           
4 CELLULAR CITY            
5 FORM AND FLOW            
6 NURTURING NATURE           
7 RURAL RICHES           



Barriers to LCS Pathways 

 No common generalized policies can be developed, 
Individual solutions are needed for each of the city 

 Success depends on the participation of local 
government / people 

 Almost no awareness in smaller cities 
 Capacity building is slow and time taking 
 Good quality infrastructure and services are almost 

always necessary that are already stressed 
 Development priorities may not be in line with LCS 

objectives 
 Economic implications are not easy to anticipate 



A one Day workshop for 
Dissemination of Low Carbon 
Society Scenarios Bhopal 
2035 was organised on 24 
September 2011 at Bhopal. 
 
This gave a platform at city 
level where researchers 
interacted with stakeholders 
and policymakers to integrate 
their knowledge and build 
relevant scenarios for 
transition towards a low 
carbon society.  

Dissemination Workshop: Report Publication 



Dissemination Workshop: Some Images 

International Workshop on Sustainable Futures 
– Vision for Bhopal , September 2011 



Response and Media Coverage 



Building Sector Studies 

• Assumptions 
– The energy consumption in built environment is primarily a function of 

“Cooling” and “Heating” needs 
– Case Study Approach provides opportunity to study local variations and 

developing suitable actions 
– Building Design: Form (shape), Orientation, Materials and Technology play an 

important role  

• Temperature change and electricity demand 
– Temperature data of the city analyzed for one year period 
– Seasonal variations in electricity consumption identified 
– Hourly temperature data and electricity consumption compared and analyzed 

• Simulation 
– Double storey building considered with select parameters  
– Six alternate configurations analysed 
– Software used for simulating the building. 



Findings: Temperature Effect 

• Electricity consumption in 
buildings is dependent on many 
factors.  

• It is necessary to eliminate the 
effects of other influences to bring 
out the effect of temperature.  

• Marked seasonality and 
periodicity in electricity demand 

• Electricity consumption well 
correlated with temperature 
change 

• The correlation is more prominent 
during night hours 

• CDD and HDD analysis more useful 
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Findings: Simulation 

• Building with longer axis north-south 
consumes the highest energy 

• The most efficient orientation is 
obtained when longer axis is north-east 
to south-west  

• Energy consumption well correlated 
with temperature change  

• Highest energy consumption in summer 
months 

• Space cooling requires maximum 
amount of energy 

• Suitable construction material or 
provision of adequate insulating 
material may further reduce energy 
consumption  
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Works in Progress 

• A study on developing city level Low Carbon 
Society Scenario and policy design using 
computable general equilibrium model. 

• A Study on transition in Indian Coal sector: 
climate policy assessment using AIM/Enduse 
model. 

• A study on energy and emission dynamics in 
Indian residential sector. 

 



Future Work: Landuse and Travel Behaviour 

Vehicular movement causes environment pollution and energy 

consumption. This is dependent on the travel behaviour which is 

a response to the landuse assigned and transport facilities 

available. Land use and Transport Planning go hand in hand and 

a change in mode of travel changes energy and  emissions. 



Land use 
Transport 
Planning 

Land Use  

Transport   
Travel Behaviour 

Environmental 
Conditions 

Will be done by 
Change in Land Use 

and transport 
system 

Have to change 
Travel Behaviour 

To change 
Environmental 

Conditions 

Of Global Concern 

Cause – Effect Relation (Causal Relationship) 

Travel Behaviour is Human Response to the Land use and Transport Systems 

Intervention to modify  
Travel Behaviour 

Relationship in Landuse and Travel Behaviour 



Dimensions of travel behaviour  

Spatial Dimensions 

Socio-Economic  Dimensions 

Behavioural  Dimensions 

Social Systems 
Economic Systems 

Individual Prefences 

Land Use Systems 
Transport  Systems 

Based on the type of variables included, the three dimensions in 
travel behaviour research are categorised as: 

The social need and the economic capacity for  the travel decides 
the frequency and mode used for the travel. 

The spatial location of the activity is responsible for the travel 
behaviour. At times the location also decides the frequency and 
mode used for the travel. 

Response of an individual for any activity depends upon the basic 
behavioural attitude influenced by the then circumstances generated 
for the travel. 



Other Future Activities 
• Linking LCS studies to future projects and services at city level  

– Changing the Building Code/ Standards 

• Increased efficiencies in thermal conditioning 

– Attention to transportation and Infrastructure sector 

– Effect of financial mechanisms to provide incentives 

– Working-out specific local requirements and actions 

• Sectoral studies using AIM/Enduse model 

• Extending AIM/ExSS model applications in other Indian cities 

• Applications of urban economic models in evaluating development 
policies targeting spatial profiles (e.g. structural densities, housing 
prices etc.) 

• Consultation and participation of the local governments and 
policymakers for responses, awareness and capacity building 



Thank you…   
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