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This supplementary information document contains table of references (Table S1) corresponding
to input parameters to Oil field Production Greenhouse Gas Emissions Estimator (OPGEE). The
dynamic input data of each oil field is presented in “Input Data” Excel file. The time-series net
energy ratio (NER) and external energy ratio (EER) results can be also found in “NERs & EERs
Data” Excel file.

This document also presents all energy sources consumed for different OPGEE process stages in
Table S2. The oil fields data quality assessment and the time-series NER,; and EER results are
shown in Figs. S1-S3, respectively.

Finally, selecting 100 bins, the probability distribution histograms of dynamic oil fields NER 1
and EER .1 Monte Carlo simulations (1000 realization per year) are presented for years 5, 10,
15, 20, and 25 (Figs. S4 and S5).
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Table S1. Abbreviated data sources (AG: Agbami, BR: Brent, CA: Cantarell, CO: Coalinga, EH: Elk Hills, EK: Ekofisk, FO: Forties, Gl
Gullfaks, HB: Huntington Beach, HI: Hibernia, KF: Kingfish, KR: Kern River, MS: Midway Sunset, NI: Ninian, OS: Oseberg, PB: Prudhc
Bay, PI: Piper, SB: South Belridge, SN: Snorre, SP: Spraberry Trend, ST: Statfjord, TN: Terra Nova, VE: Ventura, VH: Valha, WI: Wilmington

Variables AG BR CA CO EH EK FO GU HB  HI
API gravity [ [4] [11]  [13] [13] [19] [25] [14] [13]  [33]
WOR NA  [3,5,7-10] [12] [13] [13] [l4, 16,21,22,23] [3] [14] [13]  [29,30]
SOR NA NA NA  [13] [13] NA NA  NA [13] NA
FOR [2] [2] [2] 2] [2] [15] [2] [15] [2] [31]
Field depth [ [4] [12]  [13] [13] [14,19] [3] [14] [13]  [33,34]
Productionrate  [1]  [3,5,7-10]  [12] [13] [13] [l4,16,18,21,22] [3] [14,28] [13]  [29,30]
Number of

Drodueinewells 11 3] (2] [13] [13]  [14] 3] 04 03] [29,30]
Productivity

index ) ) - 3 - - - - - [32]
Number of water )4 NA  [13] [13] [14] 31 (141 [13] [32]
injection wells

Reservoir

pressure (1]  [6,10] [12]  [13] [24] [16, 20,22, 23] 26] [27] [13]  [34]
Reservoir

emperature - [4] [12]  [13] [13] [19] [69] [27] [13]  [33,34]
GOR (11 [3,57-10] [12] [13] [13] [l4, 16, 19,22, 23] [3] [14] [13]  [29,30]
Processing

practices [1] [3] ) ) ) (171 ) ) ) )
Associated gas

processing path ) ) ) ) ) ) ) ) )
m‘f“njecmn - [3, 10] NA  [13] [13] [14,15,17,19,20,22]  [3] [14,15] [13]  [31]
Fraction of

remaining gas [ [3] [12]  [13] [13] [14,15] NA  [14,15] [13] [31]

reinjected
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Variables KF KR MS NI OS PB PI SB SN SP

API gravity [36]  [13] [39] [44]  [14] [49] [47,48]  [13]  [14] [59, 60]
WOR [35] [13] [40] [3] [14, 45] [52] [3] [13] [14, 62] [56]
SOR NA  [13,37,38]  [40] NA NA NA NA [13] NA NA
FOR (2] (2] (2] (2] [15] [50] (2] (2] [15] (2]
Field depth [35] [13] [40] [44] [14] [70] [47, 48] [13] [14] [57]
Production rate [35] [13] [40] [3] [14, 45] [52] [3] [13] [14] [56, 58, 60]
Number of

producing wells [36] [13] [40] [3] [14] [52] [3] [13] [14] [56, 58, 60]
Productivity

index [59]
Number of water

iniection wells [13] [40] (1 [14] [71] [3] [13]  [14]

Reservoir

pressure [35]  [13] [41-43] [44]  [46] [53] [47] [62] [59, 61]
Reservoir

femperature [13] [3] [45] [72] [47, 48] [13] [63] [59]
GOR [36] [13] [40] [3] [14, 45] [52] [3] [13] [14] [56]
Proce?ssing 3] 150] 3]

practices

Associated gas 50]

processing path

X‘i‘ffr injection [13] [40] 3] [14,15] [51,52] [3] [13]  [14,15]

Fraction of

remaining gas [13] [40] [3] [14,15]  [51,52] [3] [13]  [14]

reinjected
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13
14
15
16

Variables ST TN VE VH WI
API gravity [54] [64] [13] [14] [67]
WOR [14] [29, 30] [13] [14] [13]
SOR NA NA [13] NA [13]
FOR [15] [31] [2] [15]

Field depth [14] [64] [13] [14, 65]
Production rate [14] [29, 30] [13] [14] [13]
Number of

producing wells [14, 54] [29,30]  [13] [14] [13]
Productivity

index ) [32] ) ) )
Number of water

injection wells [14] [32] [13] [14] [13]
Reservoir

pressure [55] [64] [13] [65, 66] [68]
Reservoir

temperature [54] [64] [13] [65]

GOR [14] [29, 30] [13] [14] [13]
Processing i i i i i
practices

Associated gas i i i i i
processing path

Waterinjection 4 15 551 [31] [13] [14,15]  [13]
ratio

Fraction of

remaining gas [14, 15, 55] [31] [13] [14, 15] NA

reinjected




17

18
19
20
21
22
23

Variables

Primary
Parameters

API Gravity
Water-Qil-Ratio (WOR)
Steam-Qil-Ratio (SOR)
Flare-Oil-Ratio (FOR)

Secondary
Parameters

Field depth

Production rate

Number of producing wells
Productivity index

Other
Parameters

Number of water injection wells
Reservoir pressure

Reservoir temperature
Gas-QOil-Ratio (GOR)

Processing practices

Associated gas processing path
Water injection ratio

Fraction of remaining gas reinjected

Averages

Primary Parameters Ave.
Secondary Parameters Ave.

Overall Ave.

Figure S1. Oil fields data quality assessment (AG: Agbami, BR: Brent, CA: Cantarell, CO: Coalinga, EH: Elk Hills, EK: Ekofisk, FO: Fortie
GU: Gullfaks, HB: Huntington Beach, HI: Hibernia, KF: Kingfish, KR: Kern River, MS: Midway Sunset, NI: Ninian, OS: Oseberg, PB:
Prudhoe Bay, PI: Piper, SB: South Belridge, SN: Snorre, SP: Spraberry Trend, ST: Statfjord, TN: Terra Nova, VE: Ventura, VH: Valha, WI:
Wilmington). White color squares mean not applicable (N/A - no number) when a parameter is irrelevant for the corresponding field.



Table S2. Energy sources consumed for different OPGEE process stages. Adapted from Brandt
(2015) and Tripathy and Brandt (2017).

Fuel spec/
Energy source Energy type Process stage reference
Drilling & Development LHV=128450

(drilling), Transportation

Btu/gal - GREET

Diesel External, Fuel cycle (barges, railroads, tankers), 2014 (Fuel Specs
Embodied Energy worksheet)
Drilling & Development (N, air
separation unit), Production & GREET 2014
Extraction (amine treater pumps

Electricity External, Internal (only for and air coolers, glycol (Fuel Specs and

offshore fields)

dehydrator pump, water
treatment), Transportation
(pipeline), Embodied Energy

Electric
worksheets)

Production & Extraction (steam
generation, downhole/water re-
injection/water flooding

LHV=~983 Btu/ft’

Natural Gas External, Internal, Fuel cycle injection pumps, NG re- (_FS::{IE;EI;FecstM
injection/gas lifting/gas flooding -
A worksheet)
injection compressors),
Embodied Energy
LHV=129670
Transportation (barges, railroads, Btu/gal* —
0Oil External, Internal, Fuel cycle tankers), Production & GREET 2014
Extraction (steam generation) (Fuel _Specs
worksheet)

* See Schmidt (1985) [73] for API dependent oil heating values.
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Fig. S2. Light (API > 30°) crudes historic trends in total: (a) net energy ratio (NER); (b)
external energy ratio (EER,;).
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Fig. S3. Medium (20° < API < 30°) and Heavy (API gravity < 20°) crudes historic trends in
total: (a) net energy ratio (NER;); (b) external energy ratio (EER,).
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Figure S4. Selected twenty oil fields NER,, extreme value probability distribution histograms of
(a) year 5 (b) year 10 (c) year 15 (d) year 20 (e) year 25.
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Figure S5. Selected twenty oil fields EER 1 Weibull probability distribution histograms of (a)
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