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Forward

¢ Objectives of this presentation

- Describe enhancements to GCAM-USA to support environmental-
climate-energy decision support

Demonstrate Scenario Builder and Enhanced Model Interface graphical
user interface components

® Intended audience

- The Global Change Assessment Model (GCAM) modeling community
¢ Acknowledgments

— The GLIMPSE team includes the authors, as well as Samaneh Babaee, Raj
Bhander, Troy Hottle, and Carol Lenox

® Disclaimers
- The views expressed in this presentation are those of the author and

do not necessarily represent the views or policies of the U.S.
Environmental Protection Agency.

All results are provided for illustrative purposes only.



wEPA ORD’s GLIMPSE project

Management strategy space

Develop decision support
tools for:

® Evaluating how candidate Meets

management strategies meet environmental
environmental, climate and objectives
energy objectives ‘ ’
® Characterizing tradeoffs 2
N Meets Meets
among objectives climate energy
® ldentifying strategies that objectives objectives

efficiently meet all
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GCAM-USA activities in 2016

® GCAM-USA is being enhanced by:

— harmonizing emission factors with U.S. estimates
— incorporating characterizations of air pollutant controls
— including representations of U.S. regulations
e CAFE, CSAPR, CPP, NSPSs, RPSs
— enhancing the industrial sector representation
* regionality, source categories
— prototyping decision support tools
 Scenario Builder (front-end)
* Enhanced Model Interface (back-end)
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Evaluation of emissions
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e Off-highway NOx is low relative to the inventory, but this could be because of discrepancies in what is being

compared

2030

* Industrial sector SO2 from GCAM-USA are two times higher than the inventory. A hypothesis we are testing is that
offroad mobile emissions included GCAM'’s industrial sector may not reflect mobile source fuel sulfur content limits.
We also need to examine the assumed mix of industrial boilers, turbines, and engines in GCAM-USA.
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Decision Support System
integration

Scenario Builder: Managing scenarios

Creating a
new scenario

El GCAM-USA Scenario Creator EI from e .St.ng
Li b ra ry of Candidate Scenario Components filter: Construct or Edit Scenario t
Name: CO m O n e n S
. File Name Address Created C02CapNE_update P
scenario ~ . sl Components
apMortheasttxt  C\Projects\GCAM-GUDNo\ScenarioComponen... Mon Oct 26 16:49:54 .. —
ile Name
CO m O n e n tS CO2CapUSAtxt Ci\Projects\GCAM-GUD\io\ScenarioCompaonen.. Mon Oct 26 16:47:41 ...
p } CO2CapNortheast.txt
CO2TaxMortheastixt  C\Projects\GCAM-GUNio\ScenarioComponen.. Mon Oct 26 16:35:14 ...
CO2TaxUSA txt CAProjects\GCAM-GUNo\ScenarioComponen..  Mon Oct 26 16:33:19 ...
SolarPVSubsidyUSAtxt  Ci\Projects\GCAM-GUD\io\ScenarioCompaonen.. Mon Oct 26 16:53:27 ...
SolarPVSubsidyWest... C\Projects\GCAM-GUD\io\ScenarioCompaonen... Mon Oct 26 16:52:17 ...
< o ¢ 3
New || Edit || Delete Run || Create
Working Scenarios filter:
Run Mame Components Run Date M
CO2TaxUsA CO2TaxU5A ety Mon Oct 26 16:57:34 EDT 2015 - a n a ge m e nt
CO2TaxMortheast CO2TaxNortheast. tut; Mon Oct 26 16:57:34 EDT 2015 : a n d exe c u t i O n
CO2CapUsA CO2CapUSAdtxt; Mon Oct 26 16:57:34 EDT 2015
CO2CapNortheast CO2CapMortheast txt; Mon Oct 26 16:57:34 EDT 2015 Of S ce n a r | O S
SolarPVSubsidyWest SolarPVSubsidyWest.txt; Maon Oct 26 16:57:34 EDT 2015
SolarPVSubsidyUSA SelarPVSubsidyUSA.txt; Mon Oct 26 16:57:34 EDT 2015
‘ 3 elete Selected




. Decision Support System

YEPA N integration

Enhancements to the Model Interface

| £ [C\Projects\ GCAM\ORD-GCAM-USA 4p2\Main_User Workspace\output\database_basexdb] - Modellnterface EI @
File Edit Table Help

Easily sum over
regions and est-

Secenario Regions | £/ CombineChart E
Izzm:gg:ifﬁﬂﬁffgﬂqm i“‘"mb‘a “Ifs q”e:?;aw Energy Electricity generation by aggregate technology-scenario=ORD- . o
(ORD-REF 2016-22-6T 10:45:28-04:00 Ak -7 & Primary Energy Cony POL_to2100, region=NC_scenario=ORD-POL_to2100, region=SC I m a te d Iffe re n Ce S
ORD-POL 2015-22-6T13: 36+ 13-04:00 a2 .~ Primary Energy Con | SC€Nario=0ORD-POL_t02100, region=NC-scenario=ORD-POL_to2100, regi
(ORD-POL_newMAC 2016-23-5T09:28:22-04:00 AR -~ = Primary energy with .
ORD-POL_newMAC 2016-23-6T12:53:27-04:00 cA -« Resource productior =n_cHe a c rOS S Sce n a rl OS
CO E| B = Regional primary en W m_Solar
_t CT = Eledrlcty W 1_Wind
DE &+ & Electridty generatiol W k_Hydro
DC - & Electricity generatiol E W i_Muclsar
FL =ity geners tof =4 W h_Biomass_w/CCS
O Codrotgener | £ e
HI -7 2 Electricity generatiol 3 W g_Biomass
D = Electridty generatiol f70\\.7wfccs
L «| [ Run Query e_0il
W d_Gas_wiCCS
— c_Gas
m Electricity generation by aggregate technology
b_Coal_w/CCS
scenario region technology 1990 2005 2010 2015 2020 2025 *ga@%,@:n wé, é},p fgr“fg?%?’»é‘étp@@é‘é‘: W a_coal .
ORD-POL_t.. Coal-Gas Dis... 0 0| 0.226 0.208) 0.18% 0.1 «||pisplay E@ Year W Coal-Gas_Dispatch_(existing)
ORD-POL_t. a Coal 0.244 0317 0.047] 0093 0077 0.07 |
ORD-POL_t. b Coal wjccs 0 0 0 0 0 e ——
ORD-FOL_t. lc Gas 0.001 0032 o008 0089 0079 0.0 124 -
ORD-POL_t. d Gas w/CCs 0 0 0 0 0
ORD-POL_t. e il 0001 0002 0.001  0.001) [ 187 12 S h OW re S U ItS
ORD-POL_t. [f ol wjiccs 0 0 0 0 0 Sos 'II =10 I
ORD-FOL_t. lg Biomass 0 o/ 0.001 0.0 0 = =
ORD-POL_t I Biomass ... 0 0 0 0 0 2% lI II 2. II se pa rate pIOtS
ORD-POL_t. i Nuclear 0.085 0,118 0.125 0.138) 0134 0. 304/ I 2 o I
ORD-POL_t. k Hydro 0.015| 0.015 0.012] 0.012] 0.012] 0.0 K I I
S il il
ORDFOL _t... Im Salar 0 0 0 0 0 oo | ]|
ORDFPOL_t... In CHP 0.034  0.022) 0.021 0,018 0.038 SO b OG0 H B0E 0k GO0 E o
ORDPOL_t... (Coal-Gas Ds.... 0 o 0174 0.8 0.145 ’W.%mwé %‘@%&@ﬁ@%{@ =
ORDFOL_t... la Coal 0.182] 0.785] 0.083 0.131 0.105 Year Year
ORDFOL _t... b Coal wjccs 0 0 0 0 0
ORDFPOL_t... c Gas 0.001 0012 0.033 0037 0032 0.0 ] . CEEm e e iy
ORD-POL_t... d Gas w/CCS 0 il 0 i 0 1o
ORDPOL_t... e ol 0.001 o0.002] 0.002] 0.002) 0001 0.0 0a
ORD-FOL_t... Foilwiccs [ il [ 0 il e . \
ORDFPOL_t... /g Biomass 0 0.002) 0,003 0.002 0 T g os I
ORD-POL_t... lh Biomass w... 0 ] 0 0| ] ‘g ‘g
ORD-POL_t... ii Muclear 0.0%3) 0.143) 0.152] 0.166) 0.162] 0.1¢ S 04 5 04 g I
ORDFOL _t... k Hydro 0.023) 0.017 0.017 0017 0017 0.0 = IIIIIIII = I
ORDFPOL_t... | Wind 0 0 0 0001 0001 0.0 0z | 2
ORDFOL_t... im Salar 0 0 o 0001 o001 0.0 lIlI IIIII
ORDPOL_t... IncHP 0.018) 0.011 0.011 0.011 0.023 0.0 00
ORDFOL _t... (Coal-Gas Dis... 0 o o011 0107 0098 oo %&@%@3@{@%@%‘9 »W\%W%@
ORDFPOL_t... a Coal 0.086) 0.145 0.026] 0.033) 0.037 0.0+ b
a7 = I = Year Year il




Management strategy levers

® Types
— Air pollutant taxes or caps™
— GHG taxes or caps™
— CAFE standard”
— Renewable Electricity Standard™”
— Technology subsidies
— Forced technology penetration
— High-efficiency technology end-use requirements

® Geographic application
— Global, global region, or national*
— Group of states or individual state*

* Supported in alpha version of Scenario Builder * To be supported in beta version of Scenario Builder
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Demo
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B GCAM-LSA Scenario Creator | = ” [=] ” £3 |

Candidate Scenanc Components filter: Construct or Edit Scenano

Mame:
File Name Address Created
Components:

I0pctCO2RdxUSAt  cprojects\gcam-guitwersion\gcam-corglichs..  Mon Feb 08 14:57:30 — —
40pctCO2RdxUSAt  c\projects\gcam-guitwersion\gcam-corelichs..  Mon Feb 08 14:57:45
S50pctCO2RdxUSAtet  c\projects\gcam-guitwersion\gcam-corglichs..  Mon Feb 08 14:57:55
B0pctCO2RdxUSAtet  c\projects\gcam-guitwersion\gcam-corelichs..  Mon Feb 08 14:58:04
T0pctCO2RdxUSAtet  c\projects\gcam-guitwersion\gcam-corghichs..  Mon Feb 08 14:58:14 Mo content in table
80pctCO2RdxUSAtt  c\projects\gcam-guitwersion\gcam-corehichs.. Mon Feb 08 14:58:23

O0pctCO2RdxUSAtet  chprojects\gcam-guitwersion\gcam-corghichs..  Mon Feb 08 14:58:32

$ >
MNew
Working Scenarios filter:
Run Name Components Run Date Analyze
Refdp2 Referencedp2.txt; Mon Feb 08 14:04:24 EST 2016
30pctCO2RdxUSA 30pctCO2RdxUS At Mon Feb 08 15:01:31 EST 2016
40pctCO2RdxUSA 40pctCO2RdxUSA et Mon Feb 08 15:01:31 EST 2016
50pctCO2RdxUSA 50pctCO2RdxUS At Mon Feb 08 15:01:31 EST 2016
B0pctCO2RdxUSA B0pctCO2RdxUS At Mon Feb 08 15:01:31 EST 2016
T0pctCO2RdxUSA T0pctCO2RdxUS At Mon Feb 08 15:01:31 EST 2016
B0pctCO2RdxUSA B0pctCO2RdxUS At Mon Feb 08 15:01:31 EST 2016 B
$ 3

Scenario Builder graphical interface
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B GCAM-LSA Scenario Creator | = ” [=] ” £3 |

Candidate Scenanc Components filter: Construct or Edit Scenano

Mame:
File Name Address Created
Components:

I0pctCO2RdxUSAt  cprojects\gcam-guitwersion\gcam-corglichs..  Mon Feb 08 14:57:30 — —
40pctCO2RdxUSAt  c\projects\gcam-guitwersion\gcam-corelichs..  Mon Feb 08 14:57:45
S50pctCO2RdxUSAtet  c\projects\gcam-guitwersion\gcam-corglichs..  Mon Feb 08 14:57:55
B0pctCO2RdxUSAtet  c\projects\gcam-guitwersion\gcam-corelichs..  Mon Feb 08 14:58:04
T0pctCO2RdxUSAtet  c\projects\gcam-guitwersion\gcam-corghichs..  Mon Feb 08 14:58:14 Mo content in table
80pctCO2RdxUSAtt  c\projects\gcam-guitwersion\gcam-corehichs.. Mon Feb 08 14:58:23

O0pctCO2RdxUSAtet  chprojects\gcam-guitwersion\gcam-corghichs..  Mon Feb 08 14:58:32

4 >

o

) /43 Scenarios filter:

Run Name Components Run Date Analyze
Refdp2 Referencedp2.txt; Mon Feb 08 14:04:24 EST 2016
30pctCO2RdxUSA 30pctCO2 R USAtut; Mon Feb 08 15:01:31 EST 2016
40pctCO2RdxUSA 40pctCO2RelxUSAtxt: Mon Feb 08 15:01:31 EST 2016
50pctCO2RdxUSA 50pctCO2RdxUSA tut; Mon Feb 08 15:01:31 EST 2016
E0pctCO2RdxUSA E0pctCO2RdxUSA bt Mon Feb 08 15:01:31 EST 2016
T0pctCO2RdxUSA T0pctCO2RdxUSAtxt; Mon Feb 08 15:01:31 EST 2016
B0pctCO2RdxUSA B0pctCO2RdxUSAtut: Mon Feb 08 15:01:31 EST 2016 Options
¢ »

Creating a new scenario component
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# | New Scenario Component

Preset

Compeonent:
Action: Emission Cap (Mt)
Sector: System Wide
Parameter: o2
Populate:
Type: Initial w,/% Growth
Start Year: 2020
End Year: 2100

Initial Amount:

Growth (%a):

Values: Populate | Delete | Clear Applied to:

Year Value » waorld

Mo content in table

Add

Save Close

New Scenario Component window
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# | New Scenario Component

Preset

Component: Values: | pgpylate | Delete || Clear
Action: Emission Cap (Mt) Year Value
Sector: System Wide
Parameter: CO2
Populate:

Type: Initial w,/% Growth -
Start Year: 2020 Mo content in table
End Year: 2100

Initial Amount:

Growth (%a):

Add

Applied to:

>

waorld

Save Close

Choosing the type of the component
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# | New Scenario Component

Preset | Custom

Compeonent:

Emission Tax ($/1)

Action: Emission Cap (Mt) -
Sector: Ernission Cap (Mt)

Initial Amount:

Growth (%a):

Parameter:

Renewable Elec Std (5t)
Populate: ‘ CAFE (MPG)
Type: Initial w/3% Growth -
Start Year: 2020
End Year: 2100

Values: Populate | Delete || Clear Applied to:

Year Value » waorld

Mo content in table

Add

Save Close

Menu of component types (to be expanded)
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# | New Scenario Component

Preset | Custom

Component: Values: | pgpylate | Delete || Clear Applied to:
Action: I Emission Tax ($/) > Year Value > world
Sector: Emission Cap (Mt)

Parameter: Emission Tax ($/1)

enewable Elec 5td (%)

Populatd AFE (MPG)

Type: / lInitiaI w3 Growth -

Start Year: 2020 Mo content in table
End Year: 2100

Initial Amount:

Growth (3):

Add

Save Close

Choosing to apply an emission tax
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B New Scenaric Component

= e

Component:
Action:
Sector:

Parametzr:

Populate:
Type:

Start Year:

End Year:
Initial Amount:

Growth (3

Preset | Custom

Emission Tax ($/1)
System Wide

co2

Initial wi/%% Growth
2020

2100

Values: Populate | Delete || Clear

Year Value

Mo content in table

Add

Applied te:

-

world

Save Close

Applied system-wide to CO2
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B New Scenario Component =T @

Preszet

Component: Values: | pgpylate | Delete || Clear Applied to:
Action: Emission Tax ($/1) - Year Value > world
Sector: System Wide -

Parameter: co2 -

Populate:

Type: Initial w/% Growth -

Start Ve 020 Mo content in table

End Yea 100

Initial Amoufit:

Growth (3

Add

Save Close

Defining the tax magnitude and timing
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B New Scenaric Component

Preset | Custom
Component: Values: | pgpylate | Delete || Clear
Action: Emission Tax ($/1) - Year Value
Sector: System Wide -
Parametzr: CO2 -
Populate:
Type: Initial w/% Growth -
Start Year: Initial w36 Growth Mo content in table
End Year: Initial w/Delta

Initial and Final

Initial Amount:

Table w/% Change
Growth (3

Table w/Delta

Applied te:

k world

Add

Save Close

Options
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B New Scenario Component = @

Preset | Custom
Component: Values: | pgpylate | Delete || Clear Applied to:
Action: Emission Tax ($/1) - Year Value > world
Sector: System Wide -
Parametzr: CO2 -
Populate:
Type: Initial and Final -
Start Year: Initial w/% Growth Mo content in table
End Year: Initial w/Delta
Initial Amoun
Table w/% Change

Growth

ble w/Delta

Add

Save Close

Selecting starting and ending tax — Intermediate values are interpolated
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# | New Scenaric Component

Preset
Component:
Action: Emission Tax ($/1)
Sector: System Wide
Parameter: o2
Populate:
Type: Initial and Final
Start Year: 2020
End Year: 2100
Initial Amount:
Fimal Amount:

Values:

Year

Populate || Delete || Clear

Value

Mo content in table

Add

Applied to:

4

warld

Save Close
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# | New Scenario Component

o 5]

Preset
Component:
Action: Emission Tax ($/t)
Sector: System Wide
Parameter: Co2
Populate:
Type: Initial and Final
Start Year: 2020
End Year: 2100
Initial Armount: | 50
Final Amount: 50[.'1

Values: Populate || Delete | Clear

Year Value

Mo content in table

Add

Applied to:

L waorld

Save Close

Tax increases linearly from $50/tCO2 in 2020 to $500/tCO2 in 2100
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B | Mew Scenario Component

Populating the table of values

Preset
Component: Values: Delete || Clzar Applied to:

Action: Emission Tax ($/t) - Value > world
Sector: System Wide - 50.00
Parameter: CO2 b 78.12

2030 106.25
Populate: 2035 134,38
Type: Initial and Final b 2040 16230
Start Year: 2020 2043 190,62

2050 21875
End Year: 2100

2055 246,88
Initial Amount: | 50 2060 275.00
Final Amount | 500 2065 303.12

2070 33125

TS I60 2R

Add
Save Close
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B | Mew Scenario Component

Preset
Component: Values: | pgpylate | Delete || Clear Applied to:
Action: Emission Tax ($/t) Year Value - world -~
Sector: System Wide 2020 50.00 USA
param Ete.r: -[:02 2[' 25 ?8.12 I:-a nada
2030 106.25 EU-15
Populate: 2035 134,28 Europe_Non_EU
Tz Initial and Einal 2040 162,50 Eurcpean Free Trade Association
Japan
Start Yearn 2020 2043 12082 ]
2050 21875 AUStFE'IE_Nz
End Year 2100 — e Central Asia
Initial Amount: | 50 2060 275.00 Russia
Final Amount: | 500 2065 303,12 China
2070 33195 Middle East
Africa_Eastern
v 5039 v v
Add ¢ 3
Save || Close

Selecting to which regions the tax is applied
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B | Mew Scenario Component

Preset | Custom
Component: Values: | pgpylate | Delete || Clear Applied to:

Action: Emission Tax ($/t) Year Value v = world n
Sector: System Wide 2020 50.00 V| USA
paramet&r: -[:02 2025 ?8.12 Vf Canada

2030 106.25 w'| EU-15
Populate: 2035 134.38 Europe_Non_EU
Tz Initial and Einal 2040 162.50 European Free Trade Assaciation

Japan

Start Yearn 2020 2043 12062 ]

2050 21875 Australla_NE
End Year 2100 — e Central Asia
Initial Amount: | 50 2060 275.00 v | Russia
Final Amount: | 500 2065 302,12 China

2070 33195 Middle East

S Africa_Eastern
TS 5039 v w
Add = -
A
Save || Close
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B | Mew Scenario Component

Preset

Component:
Action: Emission Tax ($/t) -
Sector: System Wide -
Parameter: Co2 v
Populate:
Type: Initial and Final -
Start Year: 2020

End Year: 2100
Initial Armount: | 50

Final Amount | 300

Values:

Year Value
2020
2025
2030
2035
2040
2045
2050
2055
2060
2065
2070

N7

Populate | Delete || Clear

50.00

78.12
106.25
134.38
15250
190.62
21875
246,88
275.00
303.12
33125

LY

Add

Applied to:
¥ |—| world —
v USA
v | Canada
v | EU-15

Europe_Non_EU

European Free Trade Assaciation
Japan

Australia_NZL

Central Asia

Russia

China

Middle East

Africa_Eastern

Saving the scenario component

; =
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B | GCAM-USA Scenario Creator

Candidate Scenarioc Components filter: Construct or Edit Scenario
Mame:
File Name Address Created
Components:
S50pctCO2RdxUSAtet  chprojects\gecam-guitversiond\gcam-corghiohs..  Mon Feb 08 14:57:55 File Name
B0pctCO2RdxUSAtt  chprojects\gcam-guitwersiond\gcam-corghiols..  Mon Feb 08 14:58:04 }
T0pctCO2RdxUSAtet  chprojects\gecam-guitversiond\gcam-corghiols..  Mon Feb 08 14:58:14
80pctCO2RdxUSAtt  chprojects\gecam-guitwersiond\gcam-corghiols..  Mon Feb 08 14:58:23
90pctCOZRdxUSAtE  chprojects\geam-guitversion\gcam-coreliots..  Mon Feb 08 14:58:32 Mo content in table
Referencedp? tut chprojects\gcam-guitversionhgcam-corehiols..  Mon Feb 08 13:56:54
SysTaxCO2Req.txt C\Projects\GCAM-GUI\wversion\GCAM-Coreli..  Mon Oct 03 21:55:0
§ P
MNew || Edit || Delete
Woerking Scenarios filter:
Run Mame Components Run Date Analyze
Refipd Referencedpl.ixt; Maon Feb 08 14:04:24 EST 2016
30pctCOZRdxUSA 30pctCOZRdxUSAtxt; Mon Feb 08 150131 EST 2016
40pctCOZRdxUSA 40pctCOZRdxUS At Maon Feb 08 15:01:31 EST 2016
S0pctCOZRdxUSA 50pctCO2RdxUSAtxt; Mon Feb 08 150131 EST 2016
B0pctCO2ZRdxUSA B0pctCO2RdxUSAtxt; Maon Feb 08 15:01:31 EST 2016
T0pctCO2RdxUSA T0pctCO2RdxUSAtxt; Mon Feb 08 150131 EST 2016
80pctCO2RdxUSA 80pctCO2RdxUSAtxt; Maon Feb 08 15:01:31 EST 2016

Opticns
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| GCAM-USA Scenario Creator

Candidate Scenanc Components filter: Censtruct or Edit Scenano
Mame:
File Name Address Created
~ Components:
S0pctCO2RdxUSAt  chprojectshgcam-guihversiont\gcam-corghichs..  Mon Feb 08 14:57:55 File Name
B0pctCO2RdxUSAt  ch\projects\gcam-guilversionh\gcam-corghics.. Mon Feb 08 14:58:04 u SysTaxCO2Reg bt
T0pctCO2RdxUSAt  chprojectshgcam-guihversiont\gcam-corghichs..  Mon Feb 08 14:58:14
B0pctCO2RdxUSAt  ch\projects\gcam-guilwersionh\gcam-corghics.. Mon Feb 08 14:58:23
O0pctCO2RdxUSAt  chprojects\gcam-guihversionh\gcam-corghichs..  Mon Feb 08 14:58:32
Referencedpl.tut ch\projectshgcam-guitversion\gcam-corghichs...  Mon Feb 08 13:56:54
SysTaxCO2Reg.txt CAProjects\GCAM-GUI\wersion\GCAM-Corehi..  Mon Oct 03 21:55:07 -
New || Edit || Delete
Working Scenarios filter:
Run Mame Components Run Date Analyze
Refdp2 Referencedp.txt; Mon Feb 08 14:04:24 EST 2016
30pctCO2RdxUSA 30pctCOZRdxUSA bt Meon Feb 08 13:01:31 EST 2016
40pctCO2RdxUSA 40pctCO2RdxUSA Meon Feb 08 13:01:31 EST 2016
50pctCO2RdxUSA 50pctCOZRdxUSA Meon Feb 08 13:01:31 EST 2016
E0pctCOZRdxUSA E0pctCOZRdxUSA Meon Feb 08 13:01:31 EST 2016
T0pctCO2RdxUSA T0pctCO2RdxUSA bt Meon Feb 08 13:01:31 EST 2016
B0pctCOZRdxUsSA B0pctCOZRdxUSA Meon Feb 08 13:01:31 EST 2016 R

Selecting which components to include in the scenario
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| GCAM-USA Scenario Creator

Candidate Scenaric Components filter: Construct or Edit Scenario
File Name Address Created |
S0pctCO2RdxUSALet  ch\projects\gcam-guitwersiond\gcam-corehichs..  Mon Feb 08 14:57:55 i File Name
EQpctCO2RdxUSALet  c\projects\gcam-guitwersiond\gcam-corehichs.. Mon Feb 08 14:58:04 }
T0pctCO2RdxUSALet  ch\projects\gcam-guitwersiond\gcam-corehichs.. Mon Feb 08 14:58:14
80pctCO2RdxUSALet  c\projects\gcam-guitwersiond\gcam-corehichs.. Mon Feb 08 14:58:23 {
O0pctCO2RdxUSALet  c\projects\gcam-guitwersiond\gcam-corehichs..  Mon Feb 08 14:58:32
Referencedp2.txt ch\projects\gcam-guitversion\gcam-coretichs..  Mon Feb 08 13:56:54
SysTaxCO2Reg.txt CAProjects\GCAM-GUI\wersiom\GCAM-Coreli..  Mon Oct 03 21:55:07
Mew || Edit || Delete Run || Create || 4 | W
Woerking Scenarios filter:
Run Name Components Run Date Analyze
Refdp2 Referencedp txt; Mon Feb 08 14:04:24 EST 2016
I0pctCO2RIxUSA I0pctCO2RdxUS At Mon Feb 08 15:01:31 EST 2016
40pctCO2RdxUSA 40pctCO2RdxUS Attt Mon Feb 08 15:01:31 EST 2016
0pctCOZRIxUSA S0pctCO2RdxUS At Mon Feb 08 15:01:31 EST 2016
E0pctCO2RdxUSA B0pctCO2RdxUS At Mon Feb 08 15:01:31 EST 2016
T0pctCOZRIxUSA T0pctCO2RdxUS At Mon Feb 08 15:01:31 EST 2016
B0pctCO2RdxUSA B0pctCO2RdxUS At Mon Feb 08 15:01:31 EST 2016 e

Naming the scenario
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| GCAM-USA Scenario Creator

Candidate Scenaric Components filter:

File Name Address
S0pctCO2RdxUSAtet  ci\projects\gcam-guitwersion\gcam-corehichs...
E0pctCO2RdxUSAtet  ci\projects\gcam-guitwersion\gcam-corelichs...
T0pctCO2RdxUSAtet  ci\projects\gcam-guitwersion\gcam-coreichs...
B0pctCO2RdxUSAtet  ci\projects\gcam-guitwersion\gcam-coreichs...
O0pctCO2RdxUSAtet  ci\projects\gcam-guitwersion\gcam-coreichs...
Referencedp2.txt chprojects\gcam-guilwersionh\gcam-corehiohs...
SysTaxCO2Reqg.txt Ci\Projects\GCAM-GUT\wersion\GCAM-Coreli...

J

Mew || Edit || Delete

Created
Maon Feb 08 14:57:55
Mon Feb 08 14:58:04
Maon Feb 08 14:58:14
Mon Feb 08 14:58:23
Maon Feb 08 14:58:32
Mon Feb 08 13:56:54

Mon Oct 03 21:55:07
»

Construct or Edit Scenanio

Mame: Test

Compenents:

File Name
} SysTaxCO2Req.txt
4
¢ 3
n || Create || 4 | W

Woerking Scenarios filter:
Run Name
Refipd Referencedp.txt;
I0pctCOZRIxUSA I0pctCO2RdxUS At
40pctCO2RdxUSA 40pctCO2RdxUS At
S0pctCOZRIxUSA S0pctCO2RdxUS At
B0pctCOZRdxUSA B0pctCO2RdxUS At
T0pctCOZRIxUSA T0pctCO2RdxUS At
B0pctCOZRdxUSA B0pctCO2RdxUS At
Test SysTaxCO2Reg.txt;

3

Components

Run Date I Analyze
Mon Feb 08 14:04:24 EST 2016

Mon Feb 08 15:01:31 EST 2016
Mon Feb 08 15:01:31 EST 2016
Mon Feb 08 15:01:31 EST 2016
Mon Feb 08 15:01:31 EST 2016
Mon Feb 08 15:01:31 EST 2016
Mon Feb 08 15:01:31 EST 2016

Options
Mon Oct 03 21:58:06 EDT 2016

unni i
Running scenario “Test”




'

| GCAM-USA Scenario Creator

Candidate Scenaric Components

File Name
50pctCO2 RS Adtxt
B0pctCO2 RS Adtxt
T0pctCO2 RIS At
E0pctCOZRexUSAdtxt
Q0pctCO2 RIS At
Referencedp2.txt
SysTaxCO2Reqg.txt

Mew || Edit || Delete

filter:

Address

chprojects\gcam-guilwersion\gcam-corehiohs...
chprojects\gcam-guilwersionh\gcam-corehiohs...
chprojects\gcam-guilwersion\gcam-corehiohs...
chprojects\gcam-guilwersionh\gcam-corehiohs...
chprojects\gcam-guilwersion\gcam-corehiohs...
chprojects\gcam-guilwersionh\gcam-corehiohs...

Ci\Projects\GCAM-GUT\wersion\GCAM-Coreli...

Created

Mon Feb 08 14:57:55

Mon Feb 08 14:58:04
Maon Feb 08 14:58:14
Mon Feb 08 14:58:23
Maon Feb 08 14:58:32
Mon Feb 08 13:56:54
Mon Oct 03 21:55:07

Construct or Edit Scenano
Mame: Test

Compenents:

File Name

} SysTaxCO2Req.txt

Run || Create || 4 | W

Woerking Scenarios

Run Name

Refipd
30pctCO2RdxUSA
40pctCO2RdxUSA
50pctCO2RdxUSA
E0pctCO2RdxUSA
T0pctCO2RdxUSA
B0pctCO2RdxUSA
Test

filter:

Referencedp.txt;

30pctCO2RdxUSAdtxt;
A0pctCO2RdxUSAdtxt;
S0pctCO2RdxUSAdtxt;
E0pctCO2RdxUSAdtxt;
T0pctCO2RdxUSAdtxt;
80pctCO2RdxUSAdtxt;

SysTaxCO2Reg.txt;

Components

Run Date Analyze
Mon Feb 08 14:04:24 EST 2016

Mon Feb 08 15:01:31 EST 201
Mon Feb 08 15:01:31 EST 201
Mon Feb 08 15:01:31 EST 2016
Mon Feb 08 15:01:31 EST 2016
Mon Feb 08 15:01:31 EST 2016
Mon Feb 08 15:01:31 EST 2016

Options
Mon Oct 03 21:58:06 EDT 2016

Invoking the Enhanced Model Interface to view results




| £ [CAProjects\GCAMYGCAM_4p2iMain_User_Workspace\outputdatabase_basexdb] - Modellnterface

File Edit Table Help

Scenario
Refd4p2 2016-8-2T14:04: 25-05:00
30pctCOZRdxUSA 2016-8-2T15:01:32-05:00
A0pctCOZRdxUSA 2016-8-2T15:46:21-05:00
50pctCO2RdxUSA 2016-8-2T 16: 16:28-05:00

G0pctCOZRdxUSA 2016-8-2T16:51: 10-05:00 Africa_Western
JOpctCOZRdxUSA 2016-8-2T17: 12: 26-05:00 Australia_NZ
S0pctCO2RdxUSA 2016-8-2T17:39:01-05:00 Brazil i
Reference 2016-3-8T08:47:31-04:00 Canada
Cental Americs nd Carbbean
Central Asia
China
Ell-12
EL-15
Europe_Eastern 1
Friron Blaem E1 1

Regions
-

Africa_Eastern
Africa_MNorthern
Africa_Southern

m

El.

Queries

- | Primary Energy
= Primary Energy Consumption (Average Fossil Efficency Conversion)
= Primary Energy Consumption (Direct Equivalent)
= Primary energy with CCS (Direct Equivalent)
= Resource production
-+ = Regional primary energy costs
- || Electricity
-7 = Electridgty generation by region (ind rooftop PV and CHF)
= Blectricity generation by region {central only)
= Electricity generation by aggregate technology
= Electricity generation by aggregate technology_dispatch
= Electricity generation by technology (inc solar roofs)

»

m |

Run Query [ Update Single Queries ” Create ][ Remove

Edit

Enhanced Model Interface, showing scenarios that have been run, regions, and outputs




-

[£| [C\Projects\GCAM\GCAM_4p2\Main_User_Workspace\output'database_basexdb] - Modellnterface

File Edit Table Help
Regions

(===

Scenario
Refdp? 2016-8-2T14:04: 25-05:00

Queries

| queries

30pctCO2RdxUSA 2016-8-2T15:01:32-05:00
40pctCO2RdxUSA 2016-8-2T15:46:21-05:00
50pctCO2RdxUSA 2016-8-2T 16:16: 28-05:00

Africa_Eastern
Africa_Morthern
Africa_Southern

Central America and Caribbean

Europe_Eastern

FEuroms Blon F1L

m

[~ |, Primary Energy

= Primary Energy Consumption (Average Fossil Efficency Conversion)
= Primary Energy Consumption {Direct Equivalent)

60pctCO2RdxUSA 2016-3-2T16:51: 10-05:00 Africa_Western = Primary energy with CC5 (Direct Equivalent)
TOpctCO2RdwISA 2016-8-2T17:12: 26-05:00 Australia_NZ = Resource production

A0pctCO2RdxISA 2016-8-2T17:39:01-05:00 Brazil - = Regional primary energy costs

Test 2016-4-10T07:44: 25-04:00 Canada =~ | Electricty

= Electricity generation by region {ind rooftop PV and CHF)

Central Asia 7 = Electricity generation by region (central only)

china ROty generation by sagregate technoogy|

EU-12 Could not generate list.

Ell-15 = Electricity generation by aggregate technology_dispatch g

[ »

Query ]

[ Update Single Queries ][ Create ][ Remove ” Edit l

[ Electridity generation by aggregate technology

2030 2035 )

7,

4|

L

SCEMario region technology 1990 2005 2010 15 2020 2025 2045 2050 2055
Test,date=...|JSA a Coal 6.029 7.68 7.105 8.216 8.118 7.943 7.634 7.051 2274 5.301] 4,302 3.395| Display L LineChart » |[]same Scale
Test,date=...[USA b Coal w/CCS 0 u} u} i} 0 0.021 0.088 0.23 0.493 0.82 1.2132] 1.626
Test,date=...[USA C Gas 1.026 2.569 3.385 3.88 3.934 4,09 4,257 4,346 4,416 4,334 4,178 3.089
Test,date=...|JSA d Gas w/CCS 0 o} i} i} 0 0.041 0.143 0,344 0.669 1036 1.434 1.826
Test,date=...[USA e Oil 0.451 0.455 0.145 0.111 0.103 0.104 0.102 0.093 0.093 0.098 0.104 0.106
Test,date=...[USA f Qil wfCCs 0 i} i} i} 0 0.013 0.033 0.062 0.11 0.165 0.243 0.323
Test,date=...|JSA g Biomass 0.079 0.111 0.115 0.064 0.084 0.118 0.158 0.195 0.233 0.257 0.27 0.263 E|ECtI'iCit]|l' generation by aggregate
Test,date=...[USA h Biomass w/... 0 [u} i} i} 0 0.008 0.035 0.1 0.234 0.423 0.686 0.938 technology
Test,date=...[USA i Mudear 2,201 2,919 3.02 3.213 3.199 3.282 3.542 3.969 4,665 5,342 6.04 6.737
Test,date=...|JSA j Geothermal 0.058 0.06 0.063 0.117 0.141 0.208 0.327 0.477 0.613 0.74 0.795 0.795
Test,date=...[USA k Hydro 0.983 0.932 0.945 0.954 0.964 0.974 0.934 0.994 0.993 1.003] 1.007] 1.011 =
Test,date=...[USA | Wind 0.011 0.064 0.343 0.458 0.503 0631 0.911 1.358 1.751] 2.452 3.294 4,079 A
Test,date=...[USA m Salar 0.002 0.004 0.014 0.027 0.035 0.058 0.111 0.205 0.35 0.51 0.705 0.907 45-
Test,date=...[USA n CHP 0.689 0.522 0.533 0.485 0.654 0.826 0.931 0.933 0.976 0.945 0.91 0.815 E‘
=
=]

Electricity production by technology for Test
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|.5| [C:\Projects\GCAM\GCAM_4p2\Main_User_Workspace\output\database_basexdb] - Modellnterface
File Edit Table Help

Scenario Regions Queries
Refd4p2 2016-8-2T14:04:25-05:00 & || 1 queries

-~
I0pctCO2RdxUSA 2016-3-2T15:01:32-05:00 Africa_Eastern || | &~ L Primary Energy |E
A0pctCOZRdwUSA 2016-8-2T15:46: 21-05:00 Africa_Morthern - = Primary Energy Consumption {Average Fossil Effidency Conversion)
S0pctCOZRdxUSA 2016-8-2T 16: 16: 28-05:00 Africa_Southern = = Primary Energy Consumption {Direct Equivalent)

G0pctCO2RdxUSA 2016-8-2T16:51: 10-05:00 Africa_Western - = Primary energy with CCS (Direct Equivalent)
JOpctCOZRdxUSA 2016-8-2T17:12: 26-05:00 Australia_NZ -7 = Resource production
S0pctCO2RdxUSA 2016-8-2T17:39:01-05:00 Brazil e = Regional primary energy costs
Canads &) Bectiaty
Central America and Caribbean - = Electricity generation by region {ind rooftop PV and CHP)
Central Asia -7 = Electricity generation by region {central only)
China S ecricty generation by agaregate tzchnology |
EL-12 Could not generate list.
ELI-15 - = Electricity generation by aggregate technology_dispatch i
Europe_Eastern N - :
o f—m o - Run Query ] [ Update Single Queries ][ Create ” Remove ][ Edit ]

m Electricity generation by aggregate technology

sCenario region technology 1990 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050 2055
Test,date=...[USA a Coal £.029 7.68| 7105 &.218] 8118 7949 7634 7051 6274 5301 4302 3.3% + || same Scale
Test,date=... USA b Coal wfCCS 0 0 0 0 o| o0.021] 0.088 0.23)  0.493 0.82] 1.212) 1626
Test,date=...[USA c Gas 1.026| 2.569| 3.385 3.88| 3.934 409 4.257] 4.346| 4.415| 4.334| 4.178) 3.989
Test,date=... USA d Gas w/CCS 0 0 0 0 0| 0.041] 0,148 0,344 0669 1.035] 1.434| 1.826
Test,date=... USA e il 0.451| 0,455 0,145 0,111 0.103| 0.104) 0,102 0.098) 0.098) 0.098 0.104 0.106
Test,date=... [USA f il wiccs 0 0 0 0 o| 0.013) 0.033] 0.082 0.11 0.165 0.243] 0.323
Test,date=...|USA q Biomass 0.079| 0,111 0,115 0.084 0,084 0,118 0.158| 0.195 0.233 0.257 0.27] 0.263 Elettricity generation by
Test,date=... USA h Biomass w/... 0 0 0 0 0| 0.008 0.035 0.1  0.234) 0,423 0.686 0.983 aggregate technology
Test,date=... USA i Nudear 2,201 2919 3.02| 3.213) 3.199) 3.282| 3.542| 3.969) 4.665 5.342 604 6737
Test,date=...|USA i Geothermal 0.053 0.08) 0063 0.117] 0141 0,208 0327 0.477 0.613 0.74) 0.795 0.795 40 I
Test,date=... USA k Hydra 0.983| 0,982 0,945 0.954 0.954| 0.974| 0.934) 0994 0.998 1.003| 1007 1011 l.ll
Test,date=... USA | Wind 0.011] 0.084) 0,343 0.458) 0.503| 0.631] 0,911 1.358) 1.751] 2.452] 3.294 4.079 = ap 1
Test,date=... [USA m Solar 0.002| 0.004 0014 0027 0035 0.058 0.111] 0.205 0.35 0.51 0,705 0.907 f”g
Test,date=... USA n CHP 0.589| 0,522 0,538 0,485 0.654| 0.825| 0,931 0,988 0.975] 0.945 0.91 0.815 § 20 o
= I
° “ ““l““l
I||||||||IIII|||||II|
G e G B o %,
m@wa@%@w
Year
< | m r

Changing the thumbnail display type
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|.5| [C:\Projects\GCAM\GCAM_4p2\Main_User_Workspace\output\database_basexdb] - Modellnterface
File Edit Table Help

Scenario Regions Queries

Refdp2 2016-8-2T14:04:25-05:00 _ | queries -

I0pctCO2RdxUSA 2016-3-2T15:01:32-05:00 Africa_Eastern || | &~ L Primary Energy |E

A0pctCOZRdwUSA 2016-8-2T15:46: 21-05:00 Africa_Morthern - = Primary Energy Consumption {Average Fossil Effidency Conversion)

S0pctCOZRdxUSA 2016-8-2T 16: 16: 28-05:00 Africa_Southern = = Primary Energy Consumption {Direct Equivalent)

G0pctCO2RdxUSA 2016-8-2T16:51: 10-05:00 Africa_Western - = Primary energy with CCS (Direct Equivalent)

JOpctCOZRdxUSA 2016-8-2T17:12: 26-05:00 Australia_NZ -7 = Resource production

S0pctCO2RdxUSA 2016-8-2T17:39:01-05:00 Brazil e = Regional primary energy costs

Canads &) Bectiaty
Central America and Caribbean - = Electricity generation by region {ind rooftop PV and CHP)
Central Asia -7 = Electricity generation by region {central only)
China S ecricty generation by agaregate tzchnology |
EL-12 Could not generate list.
ELI-15 - = Electricity generation by aggregate technology_dispatch i
Europe_Eastern N - :
o f—m o - Run Query ] [ Update Single Queries ][ Create ” Remove ][ Edit ]

m Electricity generation by aggregate technology

sCenario region technology 1990 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050 2055
Test,date=...[USA a Coal £.029 7.68|  7.05 8216 8.118) 7.948| 7.634 7.051 6.274) 5301 4302  3.39| pigplay | : StackedB... | = |[7] Same Scale
Test,date=... USA b Coal wfCCS 0 0 0 0 o| o0.021] 0.088 0.23)  0.493 0.82] 1.212) 1626
Test,date=...[USA c Gas 1.026| 2.569| 3.385 3.88| 3.934 409 4.257] 4.346| 4.415| 4.334| 4.178) 3.989
Test,date=... USA d Gas w/CCS 0 0 0 0 0| 0.041] 0,148 0,344 0669 1.035] 1.434| 1.826
Test,date=... USA e il 0.451| 0,455 0,145 0,111 0.103| 0.104) 0,102 0.098) 0.098) 0.098 0.104 0.106
Test,date=... [USA f il wiccs 0 0 0 0 o| 0.013) 0.033] 0.082 0.11 0.165 0.243] 0.323
Test,date=...|USA q Biomass 0.079| 0,111 0,115 0.084 0,084 0,118 0.158| 0.195 0.233 0.257 0.27] 0.263 Electricity generation by
Test,date=... USA h Biomass w/... 0 0 0 0 0| 0.008 0.035 0.1  0.234) 0,423 0.686 0.983 aggregate technology
Test,date=... USA i Nudear 2,201 2919 3.02| 3.213) 3.199) 3.282| 3.542| 3.969) 4.665 5.342 604 6737
Test,date=...|USA i Geothermal 0.053 0.08) 0063 0.117] 0141 0,208 0327 0.477 0.613 0.74) 0.795 0.795 40 I
Test,date=... USA k Hydra 0.983| 0,982 0,945 0.954 0.954| 0.974| 0.934) 0994 0.998 1.003| 1007 1011 l.ll
Test,date=... USA | Wind 0.011] 0.084) 0,343 0.458) 0.503| 0.631] 0,911 1.358) 1.751] 2.452] 3.294 4.079 = ap 1
Test,date=... [USA m Solar 0.002| 0.004 0014 0027 0035 0.058 0.111] 0.205 0.35 0.51 0,705 0.907 f”g
Test,date=... USA n CHP 0.589| 0,522 0,538 0,485 0.654| 0.825| 0,931 0,988 0.975] 0.945 0.91 0.815 § 20 o
= I
° “ ““l““l
I||||||||IIII|||||II|
G e G B o %,
\ m@wa@%@w
/ Year

< | m r l

Clicking on the thumbnail...
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|| [C:\Projects\GCAM\GCAM_4p2\Main_User_Workspace\output!database_basexdb] - Modellnterface == Eoh==
File Edit Table Help
[

|£| Electricity generation by aggregate technology (=] ELECEs

Electricity generation by aggregate technology mary Energy
Electricity generation by aggregate technology = Primary Energy Consumption (Average Fossil Effidency Conversion)

- A . = Primary Energy Consumption {(Direct Equivalent)
Test,date=2016-4-10T07:44:25-04:00 USA  Primary energy with CC3 (irect Equivalent)

F

»

]

45 = Resource production
= Regional primary energy costs
40
. W n CHP clricity
s . m m Solar = Electricity generation by region (ind rooftop PV and CHF)
. . i = Electricity generation by region {central only)
- . |'Wind ®YElectricity generation by agaregate technology
30 -
B k Hydro . Could not generate list.
I o W j Geothermal = Electricity generation by aggregate technology_dispatch 8
E Wi Nuclear Ery [ Update Single Queries ][ Create ” Remove ][ Edit ]
‘g 20 M h Biomass wiCCS
= o= o= g Biomass
18 l l l I fOilw/CcCs
m e il 45 2050 2055
d Gas wiCCS 5.301 4,302 3.395| |pisplay L : StackedB... | ~ |[]Same Scale
¢ Gas 0.82] 1212 L1626
IRREEARRRNR o |
1.036 1.434 1.826
[if} ‘:}P aCoal 0.098 0.104 0.10&
TP T : : :
FTE LS LIS it oie
Year 0,257 0,27 0.263 Electricity generation by
[—]ChartOptions 0.423| 0.686] 0.938 aggregate technology
5.342 6.04 6.737
Yoo | Lo | 2o | 2o [ 2o [ 2o | 2 | 2o | e[ 2o |2 [ 2o | 2| 2o | 2| 2o | 2o [ 2 [ 2o | 2 | 2 [ 2 0.7 0795 0.7 40 =
1.003) 1007 1011 M |
s ... |6.03|7.68|7.11|8.22|8.12|7.95|7.62|7.05|6.27 |5.2 |4.2 [3.4 |2.63|1.95[1.35|0.69|0.44|0.26|0.14 [0.07|0.03 W22 324 20m = o .l
b...|0.0 [0.0 0.0 |0.0 |0.0 |0.02|0.05|0.22|0.49|0.82(1.21(1.63|2.16|2.58(3.04 [3.51 |3.84 |4.12[4.35 [4.43|4.43 |E| [J o [Jl?[JE Dlg[l? '-'?:',
c.. |1.02|2.57|3.38|2.88 |3.93 |4.09|4.26 [4.35|4.42 |4.33|4.18 |3.99|2.55|2.58|2.08 [1.6 (|1.16|0.76[0.5 |0.32|0.21 = 5 EIHS 691 Dl815 5
d..|0.0 [0.0 0.0 |0.0 |[0.0 |0.04|0.15[0.34|0.67|1.04(1.43(1.83|2.3 |2.65|2.98 [2.23(|3.3 |3.24|3.16|3.0 |2.94 . ' . % 2t R
Al aslo asio 140 141 10 1 i | i | i | o | i | | O 4410 1 O 1410 1 | | | | | o_og B L] .IIII"I
i v Oy Oy oy s;é}
%ﬁﬁ&%@@%ﬁ%ﬁ%‘%
Year
< | T }

pops up full version
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|é| [C\Projects\ GCAMNGCAM_4p2\Main_User_Workspaceloutput\database_basexdb] - Modellnterface

File Edit Table Help

| £:| Electricity generation by aggregate technology

Electricity generation by aggregate technology
Electricity generation by aggregate technology
Test,date=2016-4-10T07:44:25-04:00 USA

Queries

3

mary Energy

= Primary Energy Consumption (Average Fossil Effidency Conversion)
= Primary Energy Consumption {Direct Equivalent)

= = Primary energy with CCS (Direct Equivalent)
A = Resource production
= | [ = WnCHP = Regional primary energy costs
= — W m Solar sciricity
0 | Wind = Electricity generation by region {ind rooftop PV and CHP)
[CRIEEE—— — W k Hydro = Electricity generation by region {central only)
g e WjGeothermal | =
1 1 11 - [——
‘Egl 12| A — W h Biomass wiCCS | = Electricity generation by aggregate technology_dispatch i
g Biomass - - -
": FOllwees ery [ Update Single Queries ][ Create ” Remove ][ Edit ]
ol me i
d GaswiCCs
41 ¢ Gas
o MaCoal 3,301 4302 3.350 pisplay L : StackedB... | = |[ | Same Scale
@ ¢ @ @6" 0.82] 1.212) 1626
p— 4.334) 4.178] 3.989
[W] 1.036 1.434 1.826
0.098 0.104 0.10&
Year 1990 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050 2055 2060 2065 2070 2075 2080 2085 2090 2095 2100 0.185| 0.243] 0.323 o i
a Coalls.03 [7.68 [7.11 2.62 [1.95 [1.35 |0.69 |0.44 [0.26 [0.14 |0.07 [o.02 .| 9257 0.27)  0.263 Electricity generation by
bCo.. 0.0 [0.0 [0.0 2.16 |2.58 [3.04 [3.51 [3.84 [4.12 [4.35 [4.43 [4.43 —| 0.423] 0.685| 0.933 aggregate technology
cGas [1.03 [2.57 [3.38 2.95 [2.58 |2.08 |1.6 |1.16 [0.76 [0.5 |0.32 |0.21 5.342 504 6.737
dG.. 0.0 [0.0 [0.0 2.3 [2.65 |2.98 |3.23 |3.3 [3.24 |3.16 [3.0 |2.94 3 0.74  0.795] 0.795 40
e Qil 0.45 [0.45 [0.14 0.1 |0.11 |01z [0.13 [0.13 [0.13 [0.12 [0.1 |0.09 o003 Loo7 Loil
fol..jo.0 [0.0 0.0 0.45 (0.5 [0.78 [1.02 |1.24 [1.49 [1.84 [2.2 |2.82
g Bi...[0.08 [0.11 |0.12 0.26 [0.25 |0.24 |0.21 |0.19 [0.16 |0.13 [0.0% |0.06 | _2452] 3.284) 4079 ﬁ a0
hBi...[0.0 [0.0 |0.0 1.43 [1.86 2.46 [3.23 |3.94 |4.78 |5.84 |6.87 |3.42 0.51] 0705 0.907] =
iNu...|2.2  [2.92 [3.02 7.66 [8.34 |8.38 |3.42 |3.94 |10.26 |10.34 [10.03 [9.65 0,945 0,91 0,815 E 20 |
j Ge...|0.06 |0.06 |0.08 0.73 [0.79 [0.79 [0.7% |0.79 [0.73 [0.79 [0.79 [0.79 i g
I||||||||IIII|||||II|
%%WW@
N
Year
| m | s

You can highlight which data to show on the graphic
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|é| [C\Projects\ GCAMNGCAM_4p2\Main_User_Workspaceloutput\database_basexdb] - Modellnterface

File Edit Table Help

[ ][O )

| £:| Electricity generation by aggregate technology

Electricity generation by aggregate technology
Electricity generation by aggregate technology
Test.date=2016-4-10T07:44:25-04:00 USA

Queries

3

mary Energy

= Primary Energy Consumption (Average Fossil Effidency Conversion)
= Primary Energy Consumption {Direct Equivalent)

[l »

23
e = Primary energy with CCS (Direct Equivalent)
- = Resource production
241 Properties... mnGHP = Regional primary energy costs
221 G B m Solar ctricity
20 4 — =3 =1 Wind = Electricity generation by region (ind rooftop PV and CHF)
12 Wk Hydro = Electricity generation by region {central only)
18 Print... M Geothermal SYFlectricity generation by aggregate technology
14 W Muclear Could not generate list.
4 Zoom In > B hBiomass wiccs | = Electricity generation by aggregate technology_dispatch 8
| Zoom Out 4 i
il g Biomass ery [ Update Single Queries ][ Create ” Remove ][ Edit ]
s fOIlwlCCS
Auto Range ;
el me i
a4 d GaswiCCs
2| ¢ Gas
. mbcoawces | 0% 2050 2055
-
& o . ®acoal 5.301 4.302] 3.396| igplay [t _| StackedB... i » |[]Same Scale
o o & & & & 082 1212 1625
Yaar 4.334 4.178 3.989
—_— 1.038 1.434 1.826
ar ons
[ 2 0.088| 0.104] 0.106
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File Edit Table Help

Scenario

Ref4p2 2016-8-2T14:04:25-05:00

30pctCO2RdxUSA 2016-8-2T15:01:32-05:00
40pctCO2RdxISA 2016-8-2T 15:46: 21-05:00
S0pctCOZRdxISA 2016-8-2T 16:16: 23-05:00
60pctCO2RdwISA 2016-8-2T 16:51: 10-05:00
FOpctCO2RdxUSA 2016-8-2T17:12: 26-05:00
30pctCO2RdxUSA 2016-8-2T17:39:01-05:00

Test 2016-4-10T07:44: 25-04:00

Regions
-

Africa_Eastern
Africa_Morthern
Africa_Southern
Africa_Western
Australia_NZ
Brazil

Canada

Central America and Caribbean
Central Asia
China

EU-12

EU-15
Europe_Eastern

Furons hlon FLL

m

Queries

| gueries

g Pri

- || Ele

=

mary Energy

= Primary Energy Consumption (Average Fossil Efficiency Conversion)
= Primary Energy Consumption (Direct Equivalent)

= Primary energy with CCS (Direct Equivalent)

= Resource production

= Regional primary energy costs

chricity

= Electricity generation by region {ind rooftop PV and CHF)

= Electricity generation by region {central only)

I eciricity generation by aggregate technology

Could not generate list.
= Electridty generation by agagregate technology_dispatch

-

Run Query ]

[ Update Single Queries ” Create ][ Remove ][ Edit ]
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Scenario
Refd4p2 2016-8-2T 14:04: 25-05:00
02Rd A 2015-8 0 05:00

O2RdxUSA 2016-8-2T15:46:21-05:00

O2RdxUSA 2016-8-2T16:16:28-05:00

2RdxUSA 2016-8-2T16:51:10-05:00

02RdxUSA 2016-8-2T17:12:26-05:00

v 02RdxUSA 2016-8-2T17:39:01-05:00
016-4-10T0 744 0400

Regions
-

Africa_Eastern
Africa_Morthern
Africa_Southern
Africa_Western
Australia_NZ
Brazil

Canada

Central America and Caribbean
Central Asia
China

EL-12

ELI-15
Europe_Eastern

Frrmna Bloe Fl1L

m

Queries

L
B

queries

- L) Primary Energy

= Primary Energy Consumption (Average Fossil Efficdency Conversion)
= Primary Energy Consumption (Direct Equivalent)
= Primary energy with CCS (Direct Equivalent)
= Resource production
- = Regional primary energy costs
- | Blectricity
= Electricity generation by region {ind rooftop PV and CHP)
- = Electricity generation by region {central only)
-
Could not generate list,
= Electricity generation by aggregate technology_dispatch

—

Ru:n Query ]

[ Update Single Queries ” Create ” Remaove ” Edit ]

We can also view and compare multiple scenarios
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Scenario Regions CQueries
Ref4p2 2016-3-2T14:04: 25-05:00 - || queries -
0 Q2RdxUSA 2016-3 0 05:00 Africa_Fastern = | = . Primary Energy EI
40pctCO2RdwUSA 2016-8-2T15:46: 21-05:00 Africa_Morthern - = Primary Energy Consumption (Average Fossil Efficency Conversion)
S0pctCO2RdxISA 2016-3-2T16: 16: 28-05:00 Africa_Southern = = Primary Energy Consumption (Direct Equivalent)
60pctCO2RdxIUSA 2016-8-2T16:51: 10-05:00 Africa_Western - = Primary energy with CCS {Direct Equivalent)
T0pctCO2RdxUSA 2016-8-2T17:12: 25-05:00 Australia_NZ - = Resource production
A0pctCO2RdxUSA 2016-8-2T17:39:01-05:00 Erazil - = Regional primary energy costs
Canads & )| Bectricty
Central America and Caribbean - = Electridty generation by region (ind rooftop PV and CHP)
Central Asia - = Electricity generation by region (central only)
China -
EL-12 Could not generate list.
ELI-15 = Electricity generation by aggregate technology_dispatch e
Europe_Eastern g N - =
L f—m L - uery | [ Update Single Queries ” Create ” Remove ” Edit ]

[E3 Electricity generation by aggregate technology /

SCEenario region technology 1990 2005 2010 2015 2020 2025 2030 2035 }0—.. MEHE 2050 208 i
30pctCOZR.... |USA a Coal 5023 788 7105 8.21s| 8788 8114/ 7508|7121 6452 6479 6049 » \pisplay |* °| Linechart ~ |[]samesc
30pctCOZR..., |USA b Coal w/CCS 0 0 0 0 o o001 o.128] 0273 o081 o0.se2] o077s]
30pctCOZR.... |USA c Gas 1.026] 2.569] 3.385|  3.88| 4.276| 4.045 4.162| 4.267 4.451 4.557 4.609 — =
30pctCOZR.... |USA d Gas w/CCS 0 0 0 0 o o0.002] 0.175| 0.388 0.593] 0.807] 1.034 Electricity generation by
30pctCOZR.... |USA & Ol 0.451] 0.455| 0.145] o0.111] o0.107] o0.108] o0.107] o0.101] 0099 o0.0%8) o102 aggregate technology
30pctCOZR..., |USA Ol wiccs 0 0 0 0 0 o] 0.04 0082 0087 0.103 o0.128
30pctCOZR.... |USA q Biomass 0.073| 0.111] 0.115| o0.084] 0.071] 0.114] 0.153] 0.181] o0.218] 0.255 o0.295 1
S0pctCOZR.... |USA h Biomass w/... i 0 i 0 0 o 0.081 0.123] 0.203] 0.27] 0.355 = |
30pctCOZR.... |USA i Nudear 2.201] 2918 302 3213 3303 3.121] 3.534) 3932 4433 4839 5288 = 3
30pctCOZR.... |USA i Geothermal 0.058]  0.08] 0.083] 0.117] 0.161] o0.184] 0.32] o0.488] o0.577] o0.873) 077 =
30pctCOZR..., |USA k Hydro 0.983| 0.982] 0.945| 0.954] 0.984] 0,974 o0.984] o0.994] 0998 1003 1007 |E E
S0pctCOZR.... |USA [ Wind 0.011] 0.084] 0.343] 0.458] 0.542] 0.547 0.909 1.34]  1.604] 2.104 2708 |
30pctCOZR.... |USA m Salar 0.002] o0.004 o0.014) 0027 0038 o048 0.115] 0.203) 0318 o0.492] o0.588)
30pctCOZR.... |USA n CHP 0.683| 0.522| 0.538| 0.485| 0.512] 0.884] 0.983] 0.98) o095 o0.941 o094
Test,date=...|USA a Coal 5023  7.88| 7.105| 8.21s| &.118] 7.948] 7.534] 7051 6274 s.301] 4302
Test,date=...|USA b Coal w,/CC3 0 0 0 0 o o.021] o.088  0.23] o0.493] 0.82 1212
Test,date=...|USA c Gas 1.026| 2.569] 3.385 3.88) 3.934 4.09) 4257 4348 4416 4334 4.178 . L4
Test,date=...|USA d Gas w/CCS 0 0 0 0 o 0.041] 0,198 0394 o089 1038 1434 — -
Test,date=...|USA e Ol 0.451 0.455| 0.145] o0.111] o0.103] o0.104] o0.w02[ o098 0098 o.098) o104 e
Test,date=. .. |USA ol wjccs 0 0 0 0 o| o0.013] 0033 0082 0.11 0.165 0.243 1— aggregate technology
Test,date=...|USA a Biomass 0.073| 0.111] 0.115| o0.084] 0.084] 0.118) 0.158] o0.195) o0.233] o0.2579] o0.27]

Test,date=...|USA h Biomass w/... 0 0 0 0 o/ n0.008]  0.035 0.1 0.234] 0.423 o688

Test,date=...|USA i Nudear 2,201 2918] 302 3213 3198 3282 3542] 3989] 4ees|  S.342] 604 =

Test,date=...|USA j Geothermal 0.058]  0.08] 0.063| 0.117] 0.131] 0.208] 0.327] 0.477] 0.613 0.74 0.795 1~ = -
4 1 | r ] ¢

When multiple scenarios and/or regions are selected, graphics for each are created
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[(sIE]=]

Scenario Regions Queries
Ref4p? 2016-8-2T 14:04: 25-05:00 - | gueries -
OpctCO2Rd 015-8 01:32-05:00 Africa_Eastern = |a- Prlmaw Energy E|
A0pctCO2RdwISA 2016-8-2T15:46:21-05:00 Africa_Morthern - = Primary Energy Consumption (Average Fossil Efficency Conversion)
S0pctCO2RdxUSA 2016-8-2T16: 16: 28-05:00 Africa_Southern = = Primary Energy Consumption (Direct Equivalent)
B0pctCO2RdxUSA 2016-8-2T16:51: 10-05:00 Africa_Western = Primary energy with CCS (Direct Equivalent)
TOpctCO2RdwISA 2016-8-2T17:12:26-05:00 Australia_MNZ = Resource production
SﬂpctCDZ:‘.deSA 2016-8-2T17:39:01-05:00 Brazil - = Regional primary energy costs
Cansds 5 Beciaty
Central America and Caribbean - = Electridty generation by region {ind rooftop PV and CHF)
Central Asia = Electricity generation by region (central only)
China BYFlectricty generation by aggregate technology
EU-12 Could not generate list,
ElLI-15 = Electricity generation by aggregate technology_dispatch -
Eﬂtof—flaibe:l - Run quaryI l [ Update Single Queries ” Create ” Remove ][ Edit ]
[& Electridity generation by aggregate technology
SCenario region technology 1990 2005 2010 2015 2020 2025 2030 2035 2040 2045
30pctCOZR... JUSA a Coal 6.029) 7.68| 7.105| 8216 8.788) 8.114 7.506] 7.121] 6.832] 6.9 « | pisplay tackedBarChart v |7 Same Scale
30pctCOZR... [USA b Coal w/CCS 0 0 0 0 o o.n01 o123 0.273 0.441 0.5
30pctCO2R... [USA  Gas 1.026) 2.569| 3.385 3.88) 4.275] 4045 4.182] 4257 4451 45
S0pctCOZR.,. |USA d Gas w/CCS o] 1] o] 0 v] 0,002 0.175 0.368 0.599 0.8
S0pctCOZR... |USA e Oil 0.451 0.455 0.145 0.111 0.107 0,106 0.107 0.101] 0.099 0.0
S0pctCOZR... |USA f Cil wfCCs a a a 0 a a 0.04 0.062 0.087 0.1
S0pctCOZR... USA g Biomass 0.079 0.111 0.115 0.064 0.071 0.114 0.153 0.181] 0.215 0.2
S0pctCOZR... |USA h Biomass w/... u] 1] 0 0 u] 1] 0.061 0.129 0.203 0. . _ . _
S0pctCOZR... |USA i Muclear 2,201 2.919 3.02 3.213 3.303 3.121 3.534 3.932 4.433 4.8 E|ECtrICIt¥ generatlon bv E|ECtI’ICIt¥' generatlon b]‘
30pctCOZR... |USA i Geothermal 0.058] 0.06] 0.083 0.117] 0.161] 0.184) 0.32] 0.488] 0.577 06 aggregate technology aggregate technology
S0pctCOZR... |USA k Hydra 0.933 0.932 0.945 0.954 0.964 0.974 0.934 0.994 0.995 1.0|= — _— —
30pctCO2R... [USA I wind 0.011] o0.084) 0,343 0458 0.542] 0.547] 0.909 1.34] 104 2.1 wi =0 i i
30pctCOZR... [USA m Salar 0.002] o0.004] o0.014] 0027 0.038) o0.048] 0.115] 0.203) 0318 0.4 520 - “"““““ E
S0pctCOZR... |USA n CHP 0.5689 0.522 0.538 0.435 0.512 0.534 0.933 0.99 0.959 0.9 S 1o “I i 5
Test,date=... |USA a Coal 6.029)  7.68| 7.105| 8.216] 6.118 7943 7.634 7.051 6.274 5.3 = ||||||||||||||||||||| =
Test,date=... |USA b Coal w/CCS o] 1] 0 0 o] 0.021 0.088 0.23 0.493 Q.
Test,date=... |USA c Gas 1.026 2.5689 3.385 3.88 3.934 4.09 4,257 4.346 4.416 4.3
Test,date=,..|USA d Gas w/CCS a a 0 0 a 0.041 0.149 0,394 0,669 1.0
Test,date=... |USA e Ol 0.451 0.455 0.145 0.111 0.103 0.104 0.102 0.093 0.095 0.0
Test,date=... |USA 0l wjCCs a a 4] 0 a 0.013 0,033 0.062 0.11 0.1
Test,date=,..|USA g Biomass 0.079 0,111 0,115 0.064 0.034 0.118 0,158 0,195 0.233 0.2—
Test,date=... |USA h Biomass w/... o] 1] 0 0 o] 0.008 0.035 0.1 0.234 0.4
Test,date=... |USA i Muclear 2,201 2.919 3.02 3.213 3.199 3.282 3.542] 3.969 4.665 5.3
Test,date=,..|USA i Geothermal 0,058 0.06 0,063 0.117 0.141 0,208 0,327 0.477 0.613 0. _
'F;_la. [ Py . A e 1 1 ede e o P Wi tale ] Pl atalel ol al L | M~ oAra LT | A ATTa oA A LT} LalataTa 4rn - o P

We can change the display type to facilitate comparison
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Scenario Regions Queries
Ref4p? 2016-8-2T 14:04: 25-05:00 - | gueries -
OpctCOZRdxUSA 2016-8 01:32-05:00 Africa_Eastern F D Prlmaw Energy E|
A0pctCO2RdwISA 2016-8-2T15:46:21-05:00 Africa_Morthern - = Primary Energy Consumption (Average Fossil Efficency Conversion)
S0pctCO2RdxUSA 2016-8-2T16: 16: 28-05:00 Africa_Southern = = Primary Energy Consumption (Direct Equivalent)
B0pctCO2RdxUSA 2016-8-2T16:51: 10-05:00 Africa_Western - = Primary energy with CCS (Direct Equivalent)
TOpctCO2RdwISA 2016-8-2T17:12:26-05:00 Australia_MNZ - = Resource production
SﬂpctCDZ:‘.deSA 2016-8-2T17:39:01-05:00 Brazil - = Regional primary energy costs
Canads 5 Beciaty
Central America and Caribbean - = Electridty generation by region {ind rooftop PV and CHF)
Central Asia - = Electricity generation by region (central only)
china - T p——
EU-12 Could not generate list.
ElLI-15 = Electricity generation by aggregate technology_dispatch 8

- Rl.anuvaryI l [ Update Single Queries ” Create ” Remove ][ Edit ]

[& Electridity generation by aggregate technology

SCenario region technology 1990 2005 2010 2015 2020 2025 2030 2035 2040 2045

30pCtCOR... [UsA a Coal 6.028) 7.68 7105 8216 6.788] 8114 7.506] 7121 6832 6.4 4 |fisplay L | stackedBarChart + |[7]Same Scale
30pctCOZR... |USA b Coal wjCCS ] ] 0 0 o o001 0.129] o0.273) 0441 0.5

30pctCO2R... |USA c Gas 1.026| 2.569] 3.385  3.88| 4.276| 4.045 4.162 4.2567| 4451 4.5

30pctCOZR. .. [USA d Gas w/CCS o 0 0 0 of o002 o0.175] o038 0.598 0.8

30pctCOZR... |USA e Oil 0.451 0.455| 0.145 0.111 0.107| 0.106 0.107 0.101] 0.098 0.0 .

30pctCO2R. . |USA foil wjccs 0 0 0 0 o o 0.04 o082 0087 01 Region Sum

30pCtCOZR.. .. |USA a Biomass 0.073) o0.111] o0.115) 0.084] 0.071 o0.114) 0.153] 0.181 o0.218) 0.2 Differ

30pctCOZR... |USA h Biomass w/... 0 ] 0 0 ] o o081 o0.129 o203 o - . .
30pctCO2R. . |USA i Nuclear 7201 2918|302 3213 3.303 5121 3534 3932 4433  as | [ EM by ||Electricity generation by
30pctCOZR... |USA i Geothermal 0.058] 0.06] 0.083 0.117] 0.161] 0.184) 0.32] 0.488] 0.577 06 aggreg aggregate technology
30pctCOZR... |USA k Hydro 0.983 0.982] 0945 0.954 0.964 0.974 0.984 0994 0.9%8 1.0z (| _ — ]

30pctCOZR. . [USA I'vind 0.011] 0.064] 0343 0.458 0.542] 0.547 0.908 134 1604 2.1 i T it
30pCtCOZR.. .. |USA m Solar 0.002) o0.004 0014 0027 0039 0046 0.115] 0.203 0318 0.4 ‘g ERE “““"
30pctCOZR... |USA n CHP 0.633] 0.522| 0.538 0.485 0.512| 0.884 0.983 099 0958 0.9 3 S o il |||
Test,date=...|USA a Coal 6.023)  7.68| 7.105 &.216 8.118 7.949] 7.634 7.051 6.274 53 = = 1111 [ FFFTTERAS
Test,date=... |USA b Coal w/CCS ] ] 0 0 of o021 ooss| 023 0493 o

Test,date=... |USA c Gas 1.026| 2.569] 3.385| 3.88| 3.934  409] 4257 4346 4415 4.3

Test,date=... USA d Gas w/CCS i 0 0 0 o 0.041 o0.198] 0344 o0.688 1.0 -
Test,date=... |USA & Oil 0,451 0.455| 0.145 0.111] 0.103 o0.104) 0.102] 0098 o0.098 0.0

Test,date=... |USA f0il wjCCs 0 0 0 0 o o013 0033 oos2 o011 o1

Test,date=... USA a Biomass 0.073| o0.111] o0.115) 0.084] 0.084] o0.118) o0.158 0.195 0.233 0.2

Test,date=. .. USA h Biomass w)... ] ] 0 0 o o008 0.035 0.1 0234 04

Test,date=... |USA i Nuclear 2201 2918 302 3213 3.198] 3.282] 3.542) 3.969) 4865 53

Test,date=... USA j Geothermal 0.058 0.06] 0083 0.117 0.141 0.208] 0.327] 0.477] 0613 0. _

'F;_ld. . ik LI ) PR Py rrr P B Lo e | Falalaksl S mAr | e Nalat.) L2 alar.] Lt Al lal.] e alal.) 2l alalsl 4PP\ ‘ rrr P

And automatically show differences
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(= I=]=]

! n [ Queries
| £ Electricity generation by aggregate technolegy - Electricity generation by aggregate technology J=
Electricity generation by aggregate technology - Electricity generation by aggregate technology | |sumption (Average Fossi Effidency Conversian) E
Test,date=2016-4-10T07:44:25-04:00,USA - 30pctCOZRdxUSA,date=2016-8-2T15:01:32-05:00,USA sumption (Direct Equivalent)
18 CCS5 (Direct Equivalent)
18 K
ergy costs
14
12 ¥ nCHP n by region (ind rooftop PV and CHF)
. _ = B m Solar n by region (central only)
e B 1'Wind n by aggregate technology
8 -
— B k Hydro ate list. .
E B — I B j Geothermal n by aggregate technology_dispatch =
g 4 [ | . . W iMuclear pdate Single Queries ” Create ][ Remave ” Edit ]
j=X ——
_ 2 2 . ] B h Biomass wiCCS
B Electridi a -——— ] = . g Biomass
) 2 fOilwiCC5
SCEnario )
30pctcO2R -4 eol StackedBarChart [] 5ame Scal
' - ackedBarChart = ame Scale
30pctCOZR, - =N d Gas wiCCS |
30pctCO2R, . — c Gas
30pctCOZR. T - W b Coal wiCCS
30pctCO2R., -10 - M a Coal
30pctcOzR, .
I R R P T~ S - S Rt S R S S )
L s 5 5
0ptCOR. FFL LSS LSS5 s
30pctCOZR, . S .
SUECI:COZR Year ty generation by | Electricity generation by
sopcicozn) || Charptons | hate technology aggregate technology
30pctCOzR, — 40
e
S30pctCO2R, | y... 1... 2. 2... 2. 2 oo || #ooo || 4 e | [ 2 2...| 2 00| (o0 | [iamn | [#5a0 | [Fho| [ 2o W o3
S0pCORI M. | |00 |00 |00 |00 o ool |ooaz oo 1o L 2. -2, 4. -au6 204 -4, 4. 4, 409 |40 - 220
S0pctCO2R Vb~ o0 (0.0 |0.0 |0.0 |0.0 |0.02-O...|-0...|0.05|0.23|0.44|0.75|1.11 |1.36|1.63 |1.83|2.05|2.19|2.31 |2.29|2.2 |E| 2 10 G
Testdate=| |55 (0.0 0.0 [0.0 |-0...|0.05|0.1 |0.08|-0u.: [-0urs |-0urs [F0.7 |-1.0 |-1.0 |-Lore [F2om |-2ons [-20ms |20 [-20nn -2 ' 0 i
Test,date=) | 7150 [0.0 [0.0 |0.0 |0.0 |0.04/-0... -0...|0.07 |0.23|0.4 |0.85|0.91(1.07|1.2 |1.39|1.44|1.46/1.32|1.13(0.91 0
TEStJ'datE=' Al o o0 S} fa o0 o0 fw} L0 0 (S Y o0 [} o0 o0 o fu [} o fw} T | S AR
Test,date = koo ooy o T T - -
Test,date=...|USA e Ol 0.451 0.455 0.145 0.111 0.103 0.104 0.102 0.098 0.0598 0.0
Test,date=...|[USA f Qil wfCCS a a a 1] a 0.013 0.033 0.062 0.11 0.1
Test,date=...|USA g Biomass 0.079 0.111 0.115 0.064 0.084 0.118 0.158 0.195 0.233 0.2—
Test,date=,..|USA h Biomass w/... a a a a a 0.008 0.035 0.1 0.234 0.4
Test,date=...|USA i Muclear 2,201 2.919 3.02 3.213 3.199 3.282 3.542 3.989 4,665 5.3
Test,date=...|[USA j Geothermal 0.058 0.06 0.063 0.117 0.141 0.208 0.327 0.477 0.613 0. _
T -t Jd_a_ L im s | P P nonnn Fa i a T B ) monaAr monra MmN A M onTa Nl Tl L alar.] W alalal 4 n
1| I | 3 1 | I | »

Here is the resulting difference plot for electricity production between two scenarios
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Scenario

Ref4p2 2016-8-2T14:04:25-05:00

30pctCO2RdxUSA 2016-8-2T15:01:32-05:00
40pctCO2RdxISA 2016-8-2T 15:46: 21-05:00
S0pctCOZRdxISA 2016-8-2T 16:16: 23-05:00
60pctCO2RdwISA 2016-8-2T 16:51: 10-05:00
FOpctCO2RdxUSA 2016-8-2T17:12: 26-05:00
30pctCO2RdxUSA 2016-8-2T17:39:01-05:00

Test 2016-4-10T07:44: 25-04:00

Regions
-

Africa_Eastern
Africa_Morthern
Africa_Southern
Africa_Western
Australia_NZ
Brazil

Canada

Central America and Caribbean
Central Asia
China

EU-12

EL-15
Europe_Eag™xn

m

Queries

|| queries

B..

< 14 Pri

- | Ble

=

mary Energy

= Primary Energy Consumption (Average Fossil Efficiency Conversion)
= Primary Energy Consumption (Direct Equivalent)

= Primary energy with CCS (Direct Equivalent)

= Resource production

= Regional primary energy costs

chricity

= Electricity generation by region {ind rooftop PV and CHF)

= Electricity generation by region {central only)

I eciricity generation by aggregate technology

Could not generate list.
= Electridty generation by agagregate technology_dispatch

) »

-

Run Query ]

[ Update Single Queries ” Create ][ Remove ][ Edit ]

Q

Another options is to view multiple regions simultaneously
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Scenario Regions Queries
Ref4p2 2016-3-2T 14:04: 25-05:00 UsA - | queries -
30pctCOZRdxUSA 2016-8-2T15:01:32-05:00 Africa_Eastern L"_I Prll‘l‘lar}' Energy E
40pctCO2RdxUSA 2016-8-2T15:46: 21-05:00 Africa_Morthern - = Primary Energy Consumption (Average Fossil Efficiency Conversion)
S0pctCO2RdxUSA 2016-8-2T16: 16: 28-05:00 Africa_Southern = = Primary Energy Consumption {Direct Equivalent)
GO0pctCOZRdxUSA 2016-8-2T16:51: 10-05:00 Africa_Western - = Primary energy with CCS {Direct Equivalent)
FOpctCO2RdxUSA 2016-8-2T17:12:26-05:00 Australia_NZ -1 = Resource production
B0pctCOZRdxUSA 2016-8-2T17:39:01-05:00 Brazil - = Regional primary energy costs

Test 2016-4-10T07:44:25-04:00

Canada B Electrlaty
Central America and Caribbean -1 = Electricity generation by region (ind rooftop PV and CHF)
Central Asia -1 = Electricity generation by region {central only)
=
Could not generate list.
= Electricity generation by aggregate technology_dispatch

Eﬁ[fi-ﬁiﬁte:l - g ’ Update Single Queries ” Create ” Remave ][ Edit l
ﬂ Electricity generation by aggregate technology ('Q\ \

sCenario region technology 1990 2005 2010 2015 2020 2025 2030 2035 2040 ( i
Test,date=...|Africa_E... |a Coal 0.001 0002 0.003] 0.011 0.016 0.02 0025 0031 0.038] X04 »||pisplay |2 “| StackedBarChart - |[]Same:
Test,date=...|Africa_E... |cGas a o] o] 0.005 0.008 0.011 0.015 0.021 0.028 0.0 X =
Test,date=...|Africa_E... =0l 0.008 0.027 0.037 0.091 0.113 0.14 0.17 0.209 0.254 0,32 El T - . "
Test,date=...|Africa_E... |g Biomass 0.001] 0.001 0.001 0.004 0.007 0.01 0.015 0.022 0.03 0.04 ECtI’ICIty generatlun b" E|El:tr|l:ltv generatlur
Test,date=... |Africa_E... || Nudear 0 o o/ o002 o.002] o0.007 0018 0035 0058 0.08 aggregate technology aggregate technolc
Test,date=... |Africa_E... [j Geothermal 0.001] 0.004 0.005 0.02 0.029 0.03% 0.05 0.062 0.07 0.07 - — 41
Test,date=...|Africa_E... |kHydro 0.022] 0.035] o0.054 o0.071 0089 o0.108] 0,123 0.141 0.175 0.20 i II W 3 n!!!
Test,date=...|Africa_E... || Wind a o] o] 0.01 0.02 0.035 0.057 0.09 0.133 0.1 E a |III | "‘::i 24 |
Test,date=...|Africa_E... |m Salar 0 0 o o.008 0015 0024 0036 0053 0078 0,10 5, | et = IIIIII“"
Test,date=... Africa_E... |nCHP 0 0 0 o o.001 o0.002 0.004 0.008 0.003 0.01 = ;N = ) _||||III
Test,date=... |Africa_M... |a Coal 0.008 0.047 0.04 0.055 0.068 0.077 0.087 0.095 0.102 0.10

Test,date=... |Africa_N... |c Gas 0.136 0.482 0.636 0.805 0.958 1.082 1,222 1.342 1.436 1.51

Test,date=...|Africa_N... =0l 0.118 0.127 0.2 0,252 0.277 0.31 0,332 0.347 0.355 0.38 Year

Test,date=...|Africa_N... |g Biomass a a 0 0.001 0.003 0.005 0.008 0.011 0.014 0.01

Test,date=... |Africa_N... [i Nudlear a a 0 0,001 0.002 0,008 0.014 0,025 0,036 0.04 Eleg:.i:rig:iwI generatinn h‘r Eleg:'l:rig:i[;yI generatim
Test,date=... ﬁﬁiG_N... j Geothermal a a 0 0.007 0.0158 0.028 0,036 0.045 0.054 0.05 aggregate technnlngv aggrega‘te technolc
Test,date=... |Africa_N... [kHydro 0.041] 0.052 0.06 0.063 0.066 0.0569 0.072 0.075 0.081 0.08

Test,date=... [Africa_N... || Wind a 0.003 0.008 0.018 0.03 0.047 0.088 0.094 0.114 0.13 = I =
Test,date=...|Africa_N... |m Salar 0 0 o o.005 0013 o0.024 0038 0057 0078 009 £ |I =
Test,date=...|Africa_M... |n CHP 0 0 0 0 0 o| o.001 o0.m001 0001 0,00 g 5. 2
Test,date=...|Africa_5... |a Coal 0,022 0.02 0.018 0.054 0.083 0.105 0.129 0.158 0.193 0.24 2 IIIIIII 2

Test,date=... |Africa_S... |cGas 1] 0.004 0.00& 0.023 0.038 0.052 0.068 0.089 0.115 0.15 0 firrreEEs

Test,date=... |Africa_S... |e Oil 0.003] 0.007 0.009 0.049 0.075 0.099 0.125 0.155 0.192 0.24 #

Test,date=...|Africa_5... |g Biomass o] o] 0 1] a 0.001 0.001 0.002 0.003 0.00 ™

'y 1 | 3 I m 3

When you select multiple regions, each gets its own figure.
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|é| [CAProjects\ GCAMNGCAM _4p2\Main_User_ Workspace\outputhdatabase basexdb] - Modellnterface EI@
File Edit Table Help

Scenario Regions Queries
Ref4p2 2016-3-2T 14:04: 25-05:00 UsA - | queries -
30pctCOZRdxUSA 2016-8-2T15:01:32-05:00 Africa_Eastern L"_I Prll‘l‘lar}' Energy E
40pctCO2RdxUSA 2016-8-2T15:46: 21-05:00 Africa_Morthern - = Primary Energy Consumption (Average Fossil Efficiency Conversion)
S0pctCO2RdxUSA 2016-8-2T16: 16: 28-05:00 Africa_Southern = = Primary Energy Consumption {Direct Equivalent)
GO0pctCOZRdxUSA 2016-8-2T16:51: 10-05:00 Africa_Western - = Primary energy with CCS {Direct Equivalent)
FOpctCO2RdxUSA 2016-8-2T17:12:26-05:00 Australia_NZ -1 = Resource production
B0pctCOZRdxUSA 2016-8-2T17:39:01-05:00 Brazil - = Regional primary energy costs

Test 2016-4-10T07:44:25-04:00

Canada B Electrlaty
Central America and Caribbean -1 = Electricity generation by region (ind rooftop PV and CHF)
Central Asia -1 = Electricity generation by region {central only)

(=R = ctricity generation by aggregate technology

Could not generate list.

; = Electricity generation by aggregate technology_dispatch I

Eﬁ[fi-ﬁiﬁte:l - Run Query ] ’ Update Single Queries ” Create ” Remave ][ Edit l
ﬂ Electricity generation by aggregate technology
sCenario region technology 1990 2005 2010 2015 2020 2025 2030 2035 2040 2045 i
Test,date=...|Africa_E... |a Coal 0.001 0.002) 0003 0011 0016 002 0025 0.031] 0.038 0.04 « | |pigplay = “| stackedBarChart = |[7]Same:
Test,date=...|Africa_E... |cGas a o] o] 0.005 0.008 0.011 0.015 0.021 0.028 0.0 X =
Test,date=...|Africa_E... =0l 0.008 0.027 0.037 0.091 0.113 0.14 0.17 0.209 0.254 0,32 El T - . "
Test,date=...|Africa_E... |g Biomass 0.001] 0.001 0.001 0.004 0.007 0.01 0.015 0.022 0.03 0.04 ECtI’ICIw generatlnn b" E|El:tr|l:|tﬂ' generatlur
Test,date=... |Africa_E... || Nudear 0 o o/ o002 o.002] o0.007 0018 0035 0058 0.08 aggregate technolc
Test,date=... |Africa_E... [j Geothermal 0.001] 0.004 0.005 0.02 0.029 0.03% 0.05 0.062 0.07 0.07 —_ 4
Test,date=...|Africa_E... |kHydro 0,022 0035 0054 0071 o0.088) o0.108) 0,123 0,141 0.175] 0.0 W 3 n!!!
Test,date=...|Africa_E... || Wind a o] o] 0.01 0.02 0.035 0.057 0.09 0.133 0.1 :::i 2 i
Test,date=...|Africa_E... |m Solar a a 0 0,008 0.018 0.024 0.038 0.033 0.073 0,10 =
Test,date=,..|Africa_E... |n CHP 0 [ 0 o| o001 o002 o0.004 0008 0009 001 = 0 _||||IIIIIIIII|I|I
Test,date=... |Africa_M... |a Coal 0.008 0.047 0.04 0.055 0.068 0.077 0.087 0.095 0.102 0.10
Test,date=... |Africa_N... |c Gas 0.136 0.482 0.636 0.805 0.958 1.082 1,222 1.342 1.436 1.51
Test,date=...|Africa_N... =0l 0.118 0.127 0.2 0,252 0.277 0.31 0,332 0.347 0.355 0.38
Test,date=...|Africa_N... |g Biomass a a 0 0.001 0.003 0.005 0.008 0.011 0.014 0.01
Test,date=... |Africa_N... [i Nudlear a a 0 0,001 0.002 0,008 0.014 0,025 0,036 0.04 Eleg:.i:rig:iwI generatinn h‘r Eleg:'l:rig:i[;yI generatim
Test,date=... ﬁﬁiG_N... j Geothermal a a 0 0.007 0.0158 0.028 0,036 0.045 0.054 0.05 aggregate technnlngv aggrega‘te technolc
Test,date=... |Africa_N... [kHydro 0.041] 0.052 0.06 0.063 0.066 0.0569 0.072 0.075 0.081 0.08
Test,date=... [Africa_N... || Wind a 0.003 0.008 0.018 0.03 0.047 0.088 0.094 0.114 0.13 = I =
Test,date=...|Africa_N... |m Solar 0 o o o005 0.013) 0024 o0.038] 0057 0078 0.09 % L0 |I %
Test,date=...|Africa_N... |n CHP ] o 0 ] o o owo01 o001 om01 o000 2 = 2
Test,date=...|Africa_5... |a Coal 0,022 0.02 0.018 0.054 0.083 0.105 0.129 0,138 0.193 0.24 2 IIIIIII 2
Test,date=... |Africa_S... |cGas 1] 0.004 0.00& 0.023 0.038 0.052 0.068 0.089 0.115 0.15 0 firrreEEs
Test,date=... |Africa_S... |e Oil 0.003] 0.007 0.009 0.049 0.075 0.099 0.125 0.155 0.192 0.24 #
Test,date=...|Africa_5... |g Biomass o] o] 0 1] a 0.001 0.001 0.002 0.003 0.00 ™
'y 1 | 3 4| rrr b

You can create aggregate regions by summing over the model regions...



[£] [CAProjects\GCAMNGCAM_4p2iMain_User_Workspace\outputidatabase_basexdb] - Modellnterface

== ]=]

File Edit Table Help
Scenario Reqgions | Queries
R 2 2014 s .
3;::'1;30211(1 |é| Electricity generation by aggregate technology - Globe El
40pctCO2Rd Electricity generation by aggregate technology - Globe mption {Average Fossil Effidency Conversion)
S0pctCO2Rd Test mption {Direct Equivalent)
a0pctCO2ZRd CS (Direct Equivalent)
TOpctCOZRd 340 -
B0pctCOZRd 320 - gy costs
Test 20164 300
— W h Biomass w/CCS| |by region {nd rooftop PV and CHF)
280 4 WiOilwicCes by region {central only)
240 = l d Gas wICCS a‘—“egate L
IST,
. 220 1 B b CoalwiCCS by aggregate technology_dispatch g
E 200 - W nCHP - - =
= 180 . . . l l I l m m Solar E Single Queries ” Create ][ Remaove ][ Edit l
[=1
*g 180 - . . o | Wind
Electrici
[ Blectricty 140 - - . k Hydro
SCenario ] - - j Geothermal =
100 - )
Test,date=... o ¥ iNuclear _: StackedBarChart ~ |[7]Same!
Test,date=... g Biomass =
Test,date=... el | i "
et dater | & il v generation by | Electricity generatmrL
ot dote 20 . I I W cGas ate technology aggregate technolc
:
Test,date=... W a Coal 4
=
Test,date=... Iy o o P w3
dete= FFS T FFF ST 5 <
Test,date=... 32
3 ||III||||||||
(=]
Test,date=... ChartOptions i -“"
Test,date=...
1:::’::Ef ool iz ezl e iz ez iz e iz e 2 e 2 e e iz 2
TEStrdatE=“I a ... |15...|26...]20...]27...[a2...|456...|50...|55...|55... |s2...|s5.8 |65...|72...|78...|82... |2=2...|e5...|26...|rE.2 |2E...|2S... ~ Year Year
: i
Testdate=... | [Sr |56 [12.0:[160.[19...[22...[25...[28...[32... (3610 2900,[420.. (4602|460, [48.11[49..1[5110.[53 .01 [F401.5500: |57 [ 60,1 !ﬂ y generation by | Electricity generatior
st datom e 0ill4.563([3.91|3.42[4.44[5.35]6.67 (8.1 [3.53[11...[12. 14 15, 17 1e 1903 (20, |20, [20. 200 20, 1e... te technolo agaregate technolc
X
Test date— g..|0.13|0.51|0.77 [0.71 091 (1.15(1.5 [1.85]z.2 [z.48|z.76|z.81|2.02(3.3 |3.65|4.08|4.45|4.78(|5.07 |5.25|5.29 ay ggreg
Testldate . il hr sl oc o O 10 id i i3 14 . = 19 0= = hr o =24 232 24 2= 2= 25 kT4 I =
.y S =
Test,date=... [Africa_N... |m Solar 0 0 o/ 0005 0013 0024 0038 0057 0078 009 = 10 |I!. =229 - Ill
Test,date=... |Africa_N... [n CHP 0 0 0 o 0 of o001 o.01] 0.001  0.00 2 5 a0 24 __oniEEEs el
Test,date=...|Africa_5... [a Coal 0.022 0,02 o0.018) o054 0083 0,105 o0.129] 0.188] 0,193 0.2 = - ““II = ““III“I"
Test,date=...|Africa_5... |c Gas 1] 0.004 0.008 0.023 0.035 0.052 0.068 0.089 0.116 0.15 1] “ o] “I
Test,date=...|Africa_5... |e Qi 0.003 0.007 0.009 0.045 0.075 0.099 0.125 0.155 0.192 0.24
Test,date=...|africa_5... | Biomass 0 0 0 o o/ o0.01 o001 oc.o02] o003 0007 -
4| i | 3 Tl 3

This shows global totals, but you can sum across any aggregate



Lessons learned and next steps

Lessons:

® GCAM-USA is a complex modeling system and its use has required
building expertise in R, C++, xml, MS Visual Studio

® However, it appears the paradigm of integrating GCAM-USA into the
GLIMPSE framework is very workable and has value to our partners

Next steps:

® Continue harmonizing emission factors

— rail and marine shipping, industrial, other pollutants
® Improving policy levers

— Renewable electricity standards applicable to both new and old generation
— End-use efficiency standards

® Internal Beta test of Scenario Builder and Enhanced Model Interface in
late 2016

¢ External Beta test of Scenario Builder and Enhanced Model Interface in

2017?
55



Questions?

Contact information:
Dan Loughlin, U.S. EPA, ORD — loughlin.dan@epa.gov
Chris Nolte, U.S. EPA, ORD — nolte.chris@epa.gov



mailto:loughlin.dan@epa.gov
mailto:nolte.chris@epa.gov

Background

EPA The energy system
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Background

Energy and the environment

Energy system contributions to environmental concerns:

Air quality'

— Photochemical smog: 92% of nitrogen oxide (NOx) emissions™

*Percentage of U.S.
anthropogenic emissions from
the energy system in 2014

— Acid rain: 90% of sulfur dioxide (SO,) emissions™

' EPA trends report

Climate change?

— Greenhouse gas emissions: 95% of carbon dioxide (CO,) emissions™

2 EPA 2016 GHG Inventory ‘

3 Maupin et al., 2014 (USGS)

— Major source of short-lived climate pollutants (e.g., black carbon, methane)

Water

— Demands: electricity production accounts for 45% of U.S. water withdrawals?

— Pollution:
» wastewater from fuel extraction and processing, seepage from waste

» eutrophication from N deposition, acidification from S and N deposition

* heat pollution from cooling water discharge

Waste production

— Mine tailings, combustion residues, agricultural wastes

58
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