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Objective: To identify pathwaysto low carbon energy production and use considering costs, environmental
impacts, and resource availability. T

Integrated Energy-
Environmental Planning &

Modelling (IEEPM

Understand the costs of existing and new low  Understand the GHG, water, and@and
carbon/decarboznied energy production and footprints and energy return on
use through the development of techno- investment (EROI) of different energ
economic models production and use pathways

o Ny

Environmental Footprint & EROI Integrated Energy-Environmental
Assessment (EEA) Planning & Modelling (IEEPM)

Understand the GHG abatement
cost and mitigation potential for

energy pathways for a jurisdiction
along with feedstock availability
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BACKGROUND AND
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MODEL FRAMEWORK COMPARISONS

o Optimization-based models

Inputs —p —p Results

Black Box

Limitations
« Requires cost data
« Result quality relies on quality of cost data

- Non-transparent, complex




MODEL FRAMEWORK COMPARISONS

o Simulation-based models

Macroeconomic indicators

/ Energy intensity

Expenditures

Technology costs <«

Feedstocks

Retrofitting
Electricity price

Utilization
Efficiency

Investment

Wholesale price

qstoric trends

Technology options

International trade

New capital
Exports

Limitations ' price

« Complexity
« Data-intensive
« Not technical

Imports

Energy demands




MODEL FRAMEWORK COMPARISONS

o Accounting-based model

Exogenous
energy demand

!

Endogenous and exogenous
energy supply




0o Hybrid model — LEAP - Accounting-based, optimization,
simulation

Exogenous
energy demand

!

Endogenous, optimized and/or exogenous
energy supply




LEAP BACKGROUND
& CHARACTERISTICS

o 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)

0 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
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Designing the demand tree

o Define sector
= Define sub sectors
Define processes/categories
= Define end users
« Define fuels

0 Design depends on available data

Calculations

Sector
Sub Sub
sector sector
Process | |Process
A B
Device Device
A B
Fuel
A
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“BOTTOM-UP”

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

Ene')"gy demanddevlce 44 Calculated by the model
= energy Intensity eyice * ACtIVItY gepice

~_

Data entered at this level
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House hold

>

Commercial

>

Single detached — | space heating

Single attached — | Water heating

Lighting-Electricity

Apartment

Mobile home

Industrial

>

Agricultural

Passenger

>

Transportation

— Freight

Pipeline

Space cooling

Appliances

___, construction

| Smelting and Refining

Petroleum refining
Cement

Chemical

Iron and Steel

Yvv v oy

Other Manufacturing
' Forestry

—> Mining

Refrigerator
Freezer
Dishwasher
Washer

Dryer
Range
others
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PUBLICALLY AVAILABLE DATA

National Energy Use
Database Return to list of tables « 1990-1998 1999-2006 2007-2014 2015-2016
Home
® Download
Databases

Industrial Sector — Aggregated Industries
NEUD Publications Alberta!
Table 12: Mining Secondary Energy Use and GHG Emissions

Energy Efficiency Trends in
Canada 1990 2015 2016

Energy Consumption of
Major Household Appliances
Shipped in Canada

Refrigerators Electricity

Freezers Natural Gas

Dishwashers Diesel Fuel Oil, Light Fuel Oil and Kerosene

Electric Ranges Heavy Fuel Oil

Clothes Washers Still Gas and Petroleum Coke

d Gas Plant
Electric Clothes Dryers LEG and Gas Plant NGL.

Facts and Data
Coke and Coke Oven Gas
Infographics
Wood Waste and Pulping Liquor

Methodology

Other2
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POTASH MINING
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OLD MINING
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QE} Diesel

=) General and administrative_Underground
"5 Electricity
[-455 Diesel

=-iC) Mine Air heating
-‘ Propane

UPSTREAM OIL AND GAS

oy
=-C% Conventional Qil Mining
=-iC5) Light and medium oil

203 Heavy oil mining
----- 2% Progressive cavity pumps
54 Process heat
..... 204 Water Pump
= Qil sands mining
EI‘EI Surface mining
G- CNRL Limited
G- Shell Albien
lEl Suncor Energy
lEl Syncrude Canada
£ Imperial Cil
L:_HE] Pumping steam bitumen and tailings
-0 Electricity
=) Conveyor belts for slurry transport
- Electricity
=) PowerShovels
- Electricity
JE] Diesel
=i Crushing
- Electricity
=) Mixing
- Electricity
=7 Floatation
- Electricity
=5 Air compressor
-0 Electricity
=) Steam generators
JE] Matural gas
=M%l Faw Bitumen transport
JE] Diesel

EI{EI Insitu mining
5HE €SS

E] Stearmn Pumps
JE] Compressors
E] Mixers

JE] Process heat

13 SAGD

JE] Steam Pumps

JE] Compressors

JE] Mixers

EHEI Process heat
{5} Matural Gas
{5} Produced gas

= CHOPS

JE] Water pumps
-7 Process heat
-5 Steam Pumps
-5 Transport
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PET. REFINING

Eﬁ Petrolume reﬂmng
£1-2) Oilsands refining
£+ Seperation

& {E, DU
----- 23 Electricity
[0 Still gas

[0 CDU Heat Integration Still Gas
[#-i54 CDU Combustion air preheating Still Gas
I L4 pump intensity improvernent
£ VDU
----- 23 Electricity
[0 Still gas
[0 VDU Heat Integration Still Gas
- Eﬁ converstion
E {E] Alkylation
----- 23 Electricity
-4 Alkylation Unit steam saving
E {E] Cracking
i @) Coking
i @07 Catalytic cracking
E {E] Refarming
[-ICT) Catalytic reforming
-ICT) Isomeration
=) Treatment
-7 Hydro treating
= 1) Utilities

EI E] Hydrogen manufacturing
i i Electricity
; 23 Natural Gas
[1-C=) Steam generation
=) Conventional refining
-5 Seperation
E] Desalter
£y COU
F1-0=) VDU
=) converstion
- Alkylation
E] Cracking
E1-0=) Reforming
=) Treatment
-y Hydro treating
23 Utilities

E] Hydrogen manufacturing

EJ-C=) Steam generation

- 23 Natural Gas
455 Still gas

PULP AND PAPER

E[ﬁ Disaggregated Pulp and Paper

505 Kraft Pulp Mills

E-=) Chip Conveying

&7 Electricity

it Electricity with fibrous fillers
-7y Washing and Screening

-5 Oxygen Delignification

215 Bleaching
L3 Electricity

03 Electricity with fibrous fillers
Liod Natural Gas with fibrous filler
-5 Digestor
-5 Pulp Machine
@-17) Black Liquor Evaporators
=14 PowerPlant
.47 Electricity
i3 Matural Gas
o3 Electricity with fibrous fillers
53 Matural Gas with fibrous filler
-5 Kiln and Recausticizing
) Hot Water Supply
E1T) Waste water treatment
.47 Electricity
it Electricity with fibrous fillers
-5 Miscellaneous
@-IC5) Weood Waste and Pulping Liquor Use
=8 {Eﬂ BCTMP Mill
El ) Chip Conveying
liih Electricity
I.T) Refiners
(-5 Bleaching
EE] Pulp Dryer
i3 Electricity
i3 Matural Gas
404 MNatural Gas with efficient heat recovery system
=) Effluent Treatrment
.47 Electricity
=7 Mewspaper
E] Chip Conveying
Ic5) Refiners
[e-I5) Heat Recovery
E] Effluent Treatment
7105 Auxillaries
|CT) Stock_Preparation
E] Forming Pressing Operation
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CEMENT

£l Dry Processing

EE] Kiln Feed Preparation

=15 Raw Material Crushing and Treatrnent

----- 23 Electricity

----- ioh Electricity Efficient Transport Systemns

----- £ Electricity Raw Material Blending

----- 3 Electricity RMPC for vertical mills

----- io4 Electricity Advanced Roll Meal Grinding

----- &3 Electricity High Effi. Classifiers Separators

----- i3 Electricity Separate Raw Material Grinding

=-iC5) Clinker Production

225 Electricity

----- i3 Electricity

----- o4 Electricity EM and PC Systems

----- £ Electricity Adjustable Speed Drive Kiln Fan

----- 4 Electricity Low Temperature Heat Recoveryy for Pow
----- i3 Electricity Drop Cyclones for Suspension Preheate
----- i3 Electricity Efficient Kiln Drives

(-5 Coal

[F-7) Pet Coke

-5 Matural Gas

(-4 MNatural Gas

[i-203 Matural Gas Improved Refractories

F-E8 NG EM and PC Systems

----- 24 NG Adjustable Speed Drive for Kiln Fan

F-i24 NG Installation Preheater Precalciner

-5 NG Long Dry to Preheater Calciner

H-606 NG Dry Process Upgrade to Multi Stage Preheater
H

H

-3 NG Increasing Number of Preheater Stages

e O OO e A e IO

&3 NG Conversion to Reciprocrating Cooler

----- 224 NG Kiln Combustion System Improvements
F-E8 NG Indirect Firing

----- {E} NG Low Temp Recovery for Pow Generation
[i-i4 NG Seal Replacement

----- 23 NG Efficient Kiln Drives

[-i4 NG Suspension Preheater

[i-7) Waste Fuel

=-IC Finishing Grinding and Distribution

----- i3 Electricity

----- o3 Vertical Roller Mill for Finish Grinding

----- 23 Electricity High PRessure Roller Press

----- {E} Electricity Horizontal Roller Mill

CHEMICAL

) chemical sector

B- =y Ammonia
= [E] Reforming
453 Matural Gas
43 Steam
453 NG prereformer
: 03 NG heat recovery
-4 CHP
=10 Waste Heat Boiler
453 Steam
&-iC5h Shift and CO2 removal
-1 Methanator
=1 Synthesis loop
..... 03 Electricity
[-403 Steam
400 NG catalist
G450 NG recovery
----- 473 Elec autocotrol
403 NG autocontrol
..... i3 Elec large scale
403 NG largscale
403 MG synthesis molecular
=5 Aux, Bailer
403 Matural Gas
[-408 Steam
=- E] Turbine Compressar
. -4 steam
5= Miscellaneous

ih Electricity

==y Flare
{i;'» Matural Gas
=5 Ethylene
E| {E] Cracker
[ Steam
23 Heating and Loss
403 NG process integration
23 NG high pressure combustion
: 44 NG process managment
¢ . NG heat of reaction
E] Compression
¢ L Electricity
=- {2 Seperation
B A Chiller
i3 Electricity
B ATy Steam

SN N Y (W

IRON AND STEEL

=2 Iron and Steel
-5 Integrated Plant

EI{EI Sintering

{f} Coke

423 Coke oven gas

o4 Electricity

4% Heat recovery

2% Reductin of air leakage
23 Improved process control

[-i08 Use of waste fuels in sinter plant
-7 Cocking
[ Blast Furnace
[ Basic Owygen Furnace
=) Casting
El 11 Continous Casting
P ios Electricity
E] Ignot Casting
i3 Electricity
-4k Matural Gas
=15 ferming and finishing
{E] Ladle Metallurgy
a0 Slab Mill
&£ Het Rolling
&) Pickling
&) Het Dip
E] Tempring and Finishing het relling
[=-{7) Electric &rc Furnace
@ EAF
El{Eh Casting
: EHE] Continous Casting
------ Ldih Electricity
EI JE] farming and finishing
-5 Ladle Metallurgy
&£ Het Rolling
- Pickling
El 13 Hot Dip
: ios Electricity
{ &4 Matural Gas
EI E] Tempring and Finishing hot rolling

Lioh Electricity
[-ans Natural Gas
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P LEAP: 2019-07-18 LEAP-Canada Model

Area Edit View Analysis Tags General Tree Chart Help
s i TRANSFORMATION TREES

=8®] [ransformation

&£ Transmission and Distribution
223 Processes

---*3 Electricity

s~ Natural Gas
=5 Electricity Generation
--{El Output Fuels
223 Processes
- Oil Combustion Plant Demand for
7.5 Oil Steam Plant fuel
75 NG Simple_Cycle
74 NG Steamn Plant
7-3 NG Combined_Cycle
75 NG Cogeneration

Fugitive emissions
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Transformation Output fuel
fuel process
Auxilary fuel use
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-4 Coal Plant
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743 Solar

0553 Wind
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emissions
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TRANSFORMATION PLANTS - OIL UPGRADING/REFINING

EI{E Bitumen Upgrading
. @-IC Output Fuels
-7 Processes
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TRANSFORMATION PLANTS - ELECTRICITY
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503 Hydro
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404 BC Intertie

43 BC SiteC

423 Solar grid_connected
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404 Wind
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-0 Output Fuels
=-i.7) Processes
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; 424 Suncor Base Plant

-4 CMNRL Horizon

{i';- Cenovus Christina Lake
424 Suncor Firebag

-4 Cenovus Foster Creek
503 Imperial Kearl

-4 Pengrowth Lindbergh
{E';- MEG Christina Lake
424 Suncor MacKay River
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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-CANADA REGIONS

0 Independent system models linked through energy
trade

O O O O O O

_LEA
_LEA
_LEA
_LEA
_LEA
_LEA

P-BC

P-Alberta
P-Saskatchewan
P-Manitoba
P-Ontario

P-Quebec

O O O 0O O 0O

_LEA
_LEA
_LEA
_LEA
_LEA

_LEA

P-New Brunswick
P-Nova Scotia

P-Prince Edward Island
P-Newfoundland
P-Territories

P-Canada
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LEAP-Canada Model*

Regional areas

British Columbia

Alberta

Saskatchewan

Manitoba

Ontario

Quebec

New Brunswick

Nova Scotia

Newfoundland

[ Prince Edward
Island

Nunavut

Northwest
Territories

Yukon

All regions have

Resource
modules

Domestic
reserves

Inter-provincial
trade

To out of area
exports

From out of
area imports

Canada Area

Supply modules

Transmission & ]
distribution

Electricity
generation

)

Petroleum
refining

)
\

Bitumen
upgrading

A

Bitumen
extraction

Conventional
crude extraction

NGL production

Natural gas
production

Coal mining

Uranium

production

- Demand modules

Commercial &

Residential

institutional

T

————

Industrial

Construction

Smelting &
refining

Cement
Chemicals
Forestry
Manufacturing
Iron & steel

Petroleum
refining

Pulp & paper
Mining

ransportation

Agriculture

End-use devices

Space heating

Water heating

Appliances

Space cooling

Lights

Auxiliary
equipment

Specific end-use
devices per
sub-sectors

Pipelines

Rail transport

Air transport

Road vehicles

Marine transport

Motive transport

Auxiliary
equipment

Fuel use energy
intensities

Electricity

Natural gas

Wood

Qil

Electricity

Natural gas

Electricity

Fuels specific to
sub-sectors

Diesel

Natural gas

Electricity

Aviation fuel

Propane/ethanol

Diesel

Electricity

Propane
CNG

Gasoline

Diesel

Diesel

Electricity

*Simplified representation

Input data

e Statistics Canada
(CANSIM)

e Natural Resources
Canada (OEE)

e National Energy Board
(EFR)

¢ National Inventory
Report (NIR)

o CAPP

e Published studies

e Government reports

e Company reports

e Data developed where
gaps exist
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VALIDATION

= Canada Total Energy Use
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o Calibrated with data from 1990 onward
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SCENARIO ANALYSIS

Develop reference scenario

N\

Formulate alternative scenarios

NS

Change model inputs

N\

Compare alternative scenario results to reference scenario results
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SCENARIO ANALYSIS IN LEAP




OUTLINE - MODELLING SCENARIOS

Inputs for LEAP scenarios

Oil sands energy efficiency scenario

e Change existing energy intensity
e Add marginal costs
* Results

LOiI sands new technology scenario J

e Add new technology to demand tree
e Import activity level
e Results

LQuestions J )




SCENARIO ANALYSIS REQUIREMENTS

o 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)

o Cost of technology
= Key costs such as capex, opex, fuel costs, and policy costs
= Assumptions such as internal rate of return
= Technology lifetime

0 Activity level
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INPUT DEVELOPMENT FOR SCENARIOS

Process modelling Lifecycle analysis Market penetration modelling
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ENERGY EFFICIENCY *
SCENARIO




IN SITU - HEAT LOSS REDUCTION

o 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

0 Expected benefit
= 0.12% reduction in heat demand
= 0.10% reduction in electricity demand

0 Expected cost
= $0.02/bbl of bitumen produced over 35 years
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REFERENCE CASE - DEMAND TREE
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REFERENCE CASE - PROCESS HEAT ENERGY
INTENSITY
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REFERENCE CASE - PROCESS HEAT
ENVIRONMENTAL LOADING
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REFERENCE CASE - STEAM PUMP ENERGY
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SCENARIO - PROCESS HEAT ENERGY
INTENSITY
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SCENARIO - STEAM PUMP ENERGY
INTENSITY
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SCENARIO - COST ANALYSIS
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7 LEAP: 2019-05-18 Alberta
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SCENARIO - RESULTS
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RENEWABLE ENERGY
SCENARIO




UPGRADING - BIOMASS GASIFICATION

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

0 Expected benefit
= 86% reduction in GHG emissions
= Accounts for energy required to collect, transport, and process biomass

0 Expected cost
m $2.20/kg H, produced
= Includes full 20-year lifetime cost (capex, opex, feedstock)
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LEAP SCENARIO ANALYSIS - SUMMARY

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

0 Also used for cost comparisons and optimization scenarios

o Data can easily be exported for further analysis and comparison

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

0 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
o Water use impacts
= Future water use scenarios in Alberta
= Canadian electricity generation
= Oil and gas water footprints in Canada
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