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Cost Curve Development (CCD) Environmental Footprint & EROI 

Assessment (EEA)

Integrated Energy-Environmental 

Planning & Modelling (IEEPM)

Understand the costs of existing and new low 

carbon/decarboznied energy production and 

use through the development of techno-

economic models

Understand the GHG, water, and land 

footprints and energy return on 

investment (EROI) of different energy 

production and use pathways

Understand the GHG abatement 

cost and mitigation potential for 

energy pathways for a jurisdiction 

along with feedstock availability

NSERC/Cenovus/Alberta Innovates Associate Industrial Chair Program in Energy and 

Environmental Systems Engineering

Objective: To identify pathways to low carbon energy production and use considering costs, environmental 

impacts, and resource availability.

Integrated Energy-
Environmental Planning & 

Modelling (IEEPM)

Electricity (E) Feedstock (R)

Fuels (F)



LEAP/WEAP GROUP
 Group members:

 Matthew Davis, Research Engineer

 Eskinder Gemechu, PDF

 Saeidreza Radpour, PhD student

 Anil Katta, MSc student (Recently graduated)

 Ankit Gupta, MSc student

 Ryan Janzen, MSc student

 Christophe Owttrim, MSc student

 Thomas Patrick, MSc student

 Minza Haider, MSc student

 Andre Siqueira, Undergraduate student intern
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WEBINAR OUTLINE

Background and LEAP characteristics

The LEAP-Canada model 

Scenario analysis

Summary of research 

Questions – Please type your question in the chat box or just 
indicate that you have a question to ask
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BACKGROUND AND 
LEAP CHARACTERISTICS
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MODEL FRAMEWORK COMPARISONS

 Optimization-based models  
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Black Box
Inputs Results

Limitations
• Requires cost data
• Result quality relies on quality of cost data
• Non-transparent, complex



Limitations
• Complexity
• Data-intensive
• Not technical

 Simulation-based models
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Technology costs

Investment

New capital

Retrofitting

Efficiency

Consumer trends

Energy demands

Oil price

Gas price

Electricity price

International trade

Historic trends

Wholesale price

Technology options

Macroeconomic indicatorsEnergy intensity

Expenditures

Imports

Exports

Feedstocks Saturation

Utilization

MODEL FRAMEWORK COMPARISONS



 Accounting-based model 
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Exogenous 
energy demand

Endogenous and exogenous 
energy supply

MODEL FRAMEWORK COMPARISONS



MODEL FRAMEWORK COMPARISONS

 Hybrid model – LEAP – Accounting-based, optimization, 
simulation
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Exogenous
energy demand

Endogenous, optimized and/or exogenous 
energy supply



LEAP BACKGROUND 
& CHARACTERISTICS
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 LEAP background
 Long-range Energy Alternatives Planning (LEAP)

 Develop by the Stockholm Environment Institute

 Tool for creating models of energy systems

 Extensive world-wide use (190 counties, U.N., others)

 Key characteristics of LEAP
 Systems-based energy accounting/hybrid framework 

 Bottom-up, technology focused

 Technology and Environmental Database

 Simple and flexible

 Integration with WEAP for water use impacts



LEAP-CANADA
MODEL
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LEAP SOFTWARE INTERFACE –
BUILDING A MODEL
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LEAP-CANADA MAIN ELEMENTS
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LEAP

Energy Demand

Energy Transformation

Energy Resources

Environmental Database

Scenario Analysis

Time horizon

Regions
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TIME HORIZON
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LEAP

Energy Demand

Energy Transformation

Energy Resources

Environmental Database

Scenario Analysis

Time horizon

Regions

LEAP-CANADA MAIN ELEMENTS



Designing the demand tree

 Define sector

Define sub sectors

Define processes/categories

Define end users 

 Define fuels

 Design depends on available data
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Process 
A

Sector

Process 
B

Sub 
sector

Sub 
sector

Device
A

Device 
B

Fuel
A

…
…

…

Calculations



“BOTTOM-UP”

end use of energy;
at the device level; 
technology or process specific:
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𝐸𝑛𝑒𝑟𝑔𝑦 𝑑𝑒𝑚𝑎𝑛𝑑𝑑𝑒𝑣𝑖𝑐𝑒

= 𝑒𝑛𝑒𝑟𝑔𝑦 𝑖𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦𝑑𝑒𝑣𝑖𝑐𝑒 ∗ 𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦𝑑𝑒𝑣𝑖𝑐𝑒

Data entered at this level

Calculated by the model
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ADDING DEMANDS
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PUBLICALLY AVAILABLE DATA 
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POTASH MINING
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IRON MINING



GOLD MINING
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UPSTREAM OIL AND GAS
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PULP AND PAPERPET. REFINING



CEMENT
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CHEMICAL IRON AND STEEL



33

LEAP

Energy Demand

Energy Transformation
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Scenario Analysis
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LEAP-CANADA MAIN ELEMENTS
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LEAP
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ADDING ENERGY SUPPLY
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TRANSFORMATION TREES
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Demand for 
fuel
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TRANSFORMATION PLANTS – OIL UPGRADING/REFINING

Data
• Historical production
• Capacity
• Availability
• Refinery utilization
• Lifetime
• Process efficiency
• Feedstock fuels
• Output fuels
• Auxiliary fuels
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TRANSFORMATION PLANTS - ELECTRICITY

Data
• Historical generation
• Capacity
• Availability
• Capacity credit
• Lifetime
• Efficiency
• Dispatch rule
• Feedstock fuels
• Auxiliary fuels
• Electricity trade



DATA SOURCES FOR LEAP-CANADA
Source Description/Use

Natural Resources Canada Office of Energy 
Efficiency Comprehensive Energy Use 
Database

End-use energy demand
Sectoral activity 
Model validation

Canadian socio-economic information 
management (CANSIM) Tables 

End-use energy demand (pipeline and non-energy use)
Energy transformation data
Model validation

National Energy Board Energy Futures 
Reports

GDP, population, assumptions for future energy intensity changes, 
sectoral activity future changes, energy supply and resource 
production projections, model validation

Technology and Environment Database The TED holds information on technical characteristics, costs, and 
environmental impacts (GHG emission factors) over a range of 
technologies 

National Inventory Report Non-energy emissions, fugitive emission factors, model validation

Various peer reviewed literature, industry 
reports, others

End-use energy demand
Sectoral activity
Energy transformation data
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LEAP

Energy Demand

Energy Transformation

Energy Resources

Environmental Database

Scenario Analysis

Time horizon

Regions

LEAP-CANADA MAIN ELEMENTS



REGIONS

43



LEAP-CANADA REGIONS

 LEAP-BC

 LEAP-Alberta

 LEAP-Saskatchewan

 LEAP-Manitoba

 LEAP-Ontario

 LEAP-Quebec

 LEAP-New Brunswick

 LEAP-Nova Scotia

 LEAP-Prince Edward Island

 LEAP-Newfoundland

 LEAP-Territories

 LEAP-Canada
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 Independent system models linked through energy 
trade



Unique feature

45

Input data

• Statistics Canada 
(CANSIM)

• Natural Resources 
Canada (OEE)

• National Energy Board 
(EFR)

• National Inventory 
Report (NIR)

• CAPP

• Published studies

• Government reports

• Company reports

• Data developed where 
gaps exist
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VALIDATION
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LEAP

Energy Demand

Energy Transformation

Energy Resources

Environmental Database

Scenario Analysis

Time horizon

Regions

LEAP-CANADA MAIN ELEMENTS



SCENARIO ANALYSIS
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Compare alternative scenario results to reference scenario results 

Change model inputs

Formulate alternative scenarios

Develop reference scenario
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Scenarios:
• Mainstay of LEAP analysis

• Default “Current Accounts”  and 
“Reference” scenarios

• Inheritance from parent scenarios
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SCENARIO ANALYSIS IN LEAP
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OUTLINE – MODELLING SCENARIOS

Inputs for LEAP scenarios

Oil sands energy efficiency scenario

• Change existing energy intensity

• Add marginal costs

• Results

Oil sands new technology scenario

• Add new technology to demand tree

• Import activity level

• Results

Questions
54
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SCENARIO ANALYSIS REQUIREMENTS
 Performance of technology

 2 ways – change existing technology efficiency or develop new technology

 Quantified energy savings

 Type of fuel consumed

 Environmental effects of consuming that fuel (if any)

 Cost of technology

 Key costs such as capex, opex, fuel costs, and policy costs

 Assumptions such as internal rate of return

 Technology lifetime

 Activity level
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INPUT DEVELOPMENT FOR SCENARIOS
Process modelling Lifecycle analysis Market penetration modelling



ENERGY EFFICIENCY 
SCENARIO
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IN SITU – HEAT LOSS REDUCTION

 Efficiency improved in in situ mining processes to reduce heat losses to 
the earth and water. Opportunities related to efficient development of 
the well and capturing waste heat lost through tailings disposal

 Expected benefit

 0.12% reduction in heat demand

 0.10% reduction in electricity demand

 Expected cost

 $0.02/bbl of bitumen produced over 35 years



REFERENCE CASE – DEMAND TREE



REFERENCE CASE – PROCESS HEAT ENERGY 
INTENSITY



REFERENCE CASE – PROCESS HEAT 
ENVIRONMENTAL LOADING



REFERENCE CASE – STEAM PUMP ENERGY 
INTENSITY

Key difference – Environmental loading 
comes from transformation module



SCENARIO – PROCESS HEAT ENERGY 
INTENSITY

Applied 0.12% decrease to heat 
requirements beginning in “Start Year”



SCENARIO – STEAM PUMP ENERGY 
INTENSITY

Similarly applied 0.10% decrease to 
electricity demand



SCENARIO – COST ANALYSIS

Marginal costs – Calls spreadsheet where cost 
of saved energy is calculated using NEB fuel 
cost forecasts and expected scenario costs



SCENARIO – RESULTS

Summaries page gives results for the whole 
evaluation period



SCENARIO – RESULTS

Results page allows customized results such 
as year-by-year emission comparison

All results can be exported to Excel sheets for 
further analysis



RENEWABLE ENERGY 
SCENARIO
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UPGRADING – BIOMASS GASIFICATION

 Investigating the opportunity to produce hydrogen for upgraders using 
gasification of biomass instead of methane with a steam methane 
reforming process.

 Expected benefit

 86% reduction in GHG emissions

 Accounts for energy required to collect, transport, and process biomass

 Expected cost 

 $2.20/kg H2 produced

 Includes full 20-year lifetime cost (capex, opex, feedstock)



REFERENCE CASE – DEMAND TREE

Reference case technologies

Technology introduced for scenario



REFERENCE CASE – ENERGY INTENSITY



REFERENCE CASE –ENVIRONMENTAL 
LOADING



SCENARIO – ENERGY INTENSITY



SCENARIO–ENVIRONMENTAL LOADING



SCENARIO–ACTIVITY LEVEL

Calls market penetration 
model results that determines 
year-by-year market shares



SCENARIO – RESULTS

GHG abatement potential, cost calculated in 
market penetration model



SCENARIO – RESULTS



LEAP SCENARIO ANALYSIS - SUMMARY

 LEAP always used to determine GHG abatement potential of new 
technologies

 Also used for cost comparisons and optimization scenarios

 Data can easily be exported for further analysis and comparison

 Easy to understand where results are coming from, simple to update, 
and relatively easy to test under different conditions



LIST OF OUR RESEARCH 
WITH LEAP
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PUBLICATIONS, IN-REVIEW PAPERS 
GHG mitigation assessments:
 Subramanyam V, Kumar A, Talaei A, Mondal MAH. Energy efficiency improvement opportunities and associated greenhouse gas abatement

costs for the residential sector, Energy, 2017, 118: 795-807.
 Subramanyam V, Ahiduzzaman M, Kumar A. Greenhouse gas emissions mitigation potential in the commercial and institutional sector,

Energy and Buildings, 2017, 140: 295-304.
 Bonyad M, Shafique HU, Mondal MAH, Subramanyam V, Kumar A, Ahiduzzaman M. Development of a framework for the assessment of energy

demand-based greenhouse gas mitigation options for the agriculture sector, Transactions of the ASABE, 2018, 61:763.
 Talaei A, Ahiduzzaman M, Kumar A. Assessment of Long-term energy efficiency improvement and greenhouse gas emissions mitigation

potentials in the chemical sector, Energy, 2018; 153: 231-47.
 Talaei A, Pier D, Iyer AV, Ahiduzzaman M, Kumar A. Assessment of long-term energy efficiency improvement and greenhouse gas emissions

mitigation options for the cement industry, Energy, 2019, 170:1051-1066.
 Katta AK, Davis M, Subramanyam V, Dar AF, Mondal MAH, Ahiduzzaman M, Kumar A. Assessment of energy demand-based greenhouse gas

mitigation options for Canada’s oil sands, Journal of Cleaner Production, 2019, 241: 118306.
 Talaei A, Oni O, Ahiduzzaman M, Roychaudhuri PS, Rutherford J, Kumar A. Assessment of the impacts of process-level energy efficiency

improvement on the greenhouse gas mitigation potential in the petroleum refining sector, Energy, In Press, 2019.
 Talaei A, Ahiduzzaman M, Kumar A. Potential for energy efficiency improvement and greenhouse gas mitigation from Canada’s iron and steel

industry, 2019. (in review)
 Katta AK, Davis M, Kumar A. Assessment of greenhouse gas mitigation options for the iron, gold, and potash mining sectors, 2019. (in

review)
Energy assessments:
 Subramanyam V, Paramshivan D, Kumar A, Mondal MAH. Using Sankey diagrams to map energy flow from primary fuel to end use,

Energy Conversion and Management, 2015, 91: 342-52.
 Davis M, Ahiduzzaman M, Kumar A. How will Canada’s greenhouse gas emissions change by 2050? A disaggregated analysis of past and

future greenhouse gas emissions using bottom-up energy modelling and Sankey diagrams, Applied Energy, 2018, 220: 754-86.
 Davis M, Ahiduzzaman M, Kumar A. Mapping Canadian energy flow from primary fuel to end use, Energy Conversion and Management,

2018, 156: 178-91.
 Davis M, Ahiduzzaman M, Kumar A. How to model a complex national energy system? Developing an integrated energy systems

framework for long-term energy and emissions analysis, International Journal of Global Warming, 2019, Vol. 17, No. 1.
 Katta AK, Davis M, Kumar A. Development of disaggregated energy use and greenhouse gas emission footprints in Canada's iron, gold, and

potash mining sectors, Resources, Conservation and Recycling, In Press, 2019.
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CURRENT WORK

 GHG mitigation assessments

 Pulp and paper sector of Alberta

 Pulp and paper sector of Canada

 Electricity generation scenario analysis for Alberta

 Assessment of oil sands GHG reduction options – renewables, CCUS, 
cogeneration, nuclear, electrification, and emerging technologies

 Crude oil pipelines 

 Water use impacts

 Future water use scenarios in Alberta

 Canadian electricity generation

 Oil and gas water footprints in Canada
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For further information:

Amit Kumar, Prof.

NSERC/Cenovus/Alberta Innovates Industrial Research Chair in Energy and 

Environmental Systems Engineering 

Cenovus Energy Endowed Chair in Environmental Engineering

Deputy Director – Future Energy Systems 

Department of Mechanical Engineering, University of Alberta

E-mail: Amit.Kumar@ualberta.ca

Website: www.energysystems.ualberta.ca

Thank you/Questions
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