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m Building an energy system model
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nl |dentify the energy system
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m |dentifying system boundaries
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m |dentifying system boundaries
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m Quantifying the system —the 4E aspects

(:,D Energy
'O'a Engineering
) .

Y Environment

s Economy




m Quantify the system — Energy

(;ﬁ) Energy —— Energy commodity flows & balances - supply, transformation, demand

}

e Bituminous

Fuel code 1 coa ) GAS OIL DSL KER LPG GSL NAP HFO OPP
° 1 1 Other
ngn Ite Region Sector code Sector description Solid Fuels Nat':;:sl Crude Oil Diesel oil Kerosenes LPG Motor spirit  Naphtha Heavy FL&:: Petroleum
° 1 Products
Anth raCIte z REG1 MIN Domestic Supply 5264 3160 3492 0 0 0 0 0 0 0
° g REG1 IMP Imports 4201 5317 17972 2866 786 424 726 7581 1188 6a7
°ec F REG1 EXP Exports -746 -1007 -2143 -2188 -384 -253 -1651 -441 -1363 -498
== REG1 TPS Total Primary Supply 8719 7470 19321 678 402 171 -925 310 -176 158
5] REG1 ESC Energy Sector Consumption 37 317 0 -21 0 687 -181 -1 -226 0
= REGH ELC Electricity Plants 6239 -2264 0 -39 0 -3 0 0 577 -37
‘ =S REG1 HPL Heat Plants -105 -121 0 -10 0 0 0 0 17 -2
3 REG1 REF Petroleum Refineries 0 0 -20629 7412 1260 1412 3630 1067 2514 143

. o Total Conversion -6381 -2602 -20629 7341 1260 694 3509 1067 1693 1301

°
Space heatl ng REG1 RSD Residential 232 2064 0 1121 95 247 3 0 17 1
H REG1 COM Commercial 37 701 0 479 2 41 G 0 21 0

°
Space COOI'I ng REG1 IND Industry 1233 1775 0 388 47 186 9 48 315 21
° H : = REG1 AGR Agriculture 29 g0 ] 47T 1 21 2 ] 15 0
nghtl ng g REG1 TRA Transport 0 3 0 5013 1362 123 2634 0 v 0
H = REG1 OTH Other 773 0 0 0 0 0 0 0 0 0

°
COOkI ng REG1 NEN Mon Energy 34 254 0 99 6 260 3 989 a7 881
° REG1 BNK Bunkers 0 0 0 191 0 0 0 0 992 7
eee REG1 TFC Total Final Consumption 2338 4882 0 7769 1513 878 2657 1038 1454 1100




m Quantifying the system - Engineering
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m Quantify the system - Environment

Y% Environment

Table A9-3 2016 GHG Emission Summary for Canada

Greenhouse Gas Categories

Greenhouse Gases

C0; CHs CHa W20 Nz0O HFCs* PFCs* SFs NF3 TOTAL
Global Warming Potential 25 298 22 800 17 200
Unit kt kt kt CO;eq kt kt COz eq kt COz eq kt COzeq kt COzeq kt COz eq kt COzeq
TOTAL' 558 000 3 800 96 000 120 37 000 12 000 760 460 0.20 704 000
ENERGY 516 000 2000 50000 20 6 000 - E - - 572 000
a. Statlonary Combustion Sources 309000 200 6000 9 3000 - - - - 317000
Public Electricity and Heat Production 83 000 580 150 1.80 520 - - - - 83 800
Petroleum Refining Industries 17 000 030 9 010 40 - - - - 17 000
Mining and Upstream Qil and Gas Production 96 700 100 2600 2 600 - - - - Q9 ado
Manufacturing Industries 41700 2.20 56 1.70 510 - - - - 432 200
Iron and Steel 5460 0.13 310 0.10 30 - - - - 5500
MNon Ferrous Metals 2570 0.05 140 0.05 10 - - - - 2590
Chemical 11 200 022 550 0.20 60 - - - - 11 300
Pulp and Paper 6000 1 30 0.80 200 - - - - 6 200
Cement 3710 017 430 0.05 10 - - - - 3730
Other Manufacturing 12700 062 15 0.50 100 - - - - 12 900
Construction 1270 0.02 057 0.03 10 - - - - 1280
Commercial and Institutional 20500 056 14 0.70 200 - - - - 29700
Residential 35400 100 3000 2 700 - - - - 39 300
Agriculture and Forestry 3500 0.06 160 010 30 - - - - 3530
b. Transport? 195 000 42 1100 12 3600 - - - - 199 000
Domestic Aviation 7 000 030 7 0.20 60 - - - - 7100
Road Transportation 140 000 9 200 8.20 2400 - - - - 143 000
Light-Duty Gasoline Vehicles 33500 2.80 70 1.80 550 - - - - 34100
Light-Duty Gasoline Trucks 46 400 3.90 97 250 750 - - - - 47 300
Heavy-Duty Gasoline Vehidles 12400 045 11 1.10 330 - - - - 12 800

Captures environmental factors such as pollutant emission coefficients

E.g., emissions reports may
be used to calibrate process
emission coefficients

(kt CO2/T) natural gas
consumed,

kt CH4/T) natural gas
consumed, ...)

Source: Environment Canada (2018)



m Quantify the system - Economy

s Economy

TABLE A.3 Commodity prices forecasts in constant U.S. dollars (2010=100)

Ener
GDQE{ Australia $'mt 78.3 61.4 139.2 117.4 86.5 81.6 76.9 57.0 46.4
Crude oil, avg $/bbl 61.7 41.7 69.6 72.4 62.5 61.8 61.0 57.2 59.0
Natural gas, Europe $/mmbtu 4.8 3.3 14.5 12.3 8.8 8.4 8.1 6.3 5.5
Matural gas, U.S. S/mmbtu 2.6 2.0 4.1 3.9 3.7 3.7 36 3.3 3.4
Liquefied natural gas, Japan $/mmbtu 10.6 8.4 11.8 11.1 9.6 9.2 8.8 74 6.3

E.g., price reports may be used to compute process
costs (investment, operational, ...)

Source: Commodity Market Developments and Outlook, a World Bank Report, Oct 2021



m Run the model
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