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 Obijective of this presentation

" |ntroduce the GLIMPSE project and demonstrate its use
= The demo will walk through an application, giving a sense of both user-friendliness and capabilities

* Intended audience
= State modelers and analysts interested in tools for facilitating long-term energy and air quality
planning
e Additional contributors

= EPA: Chris Nolte, Tai Wu, and Carol Lenox
= ORISE participants and fellows: Wenjing Shi, Yang Ou, Samaneh Babaee, and Troy Hottle

e Disclaimers

= While this material has been cleared for presentation, it does not necessarily reflect the views or
policy of the U.S. EPA

= Results are provided for illustrative purposes only
. ’
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Abbreviations

 Greenhouse gases
* CO, —carbon dioxide
* CH, — methane

e Traditional air pollutants
 NOx — nitrogen oxides
e SO, — sulfur dioxide
e CO —carbon monoxide
e PM — particulate matter

* PM, . — PM with a diameter less than 2.5
microns

* O, - ozone

e Policies and regulations

e CAFE — Corporate Vehicle Efficiency
Standard

e CSAPR — Cross-State Air Pollution Rule
e RES — Renewable Electricity Standard

e Modeling

e |JAM — Integrated Assessment Model

e GCAM - Global Change Assessment
Model

e MOVES — MObile Vehicle Emissions
Simulator

e |IPM — Integrated Planning Model
e NONROAD — Nonroad mobile source
model
e Energy and technologies
EGU — Electricity generating unit
NG — natural gas
BEV — battery electric vehicle
FCEV — fuel cell electric vehicle
PV - photovoltaic
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e GLIMPSE project objectives
 Background: GCAM and GCAM-USA
e GLIMPSE activities

e Demonstration

* Next steps
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e Develop model-based tools for long-term environmental and energy
planning
= Evaluate scenarios (exploring assumptions: technology, policy, socio-economic, ...)
= Understand tradeoffs among policy options

" |dentify cost-effective, robust management strategies Energy and environmental

¢ Support decisions at various gEO-pOIiticaI scales infrastructure and policy decisions

= National

= Regional Environmental
objectives

= State

e Desired attributes
" Low-cost or free, open source

Climate Energy
= Easy to use objectives objectives

= Executes on desktop computer
I . Relatively quick
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Several years ago, we learned about PNNL’s development of GCAM-USA,
a state-level variant of the Global Change Assessment Model (GCAM)

GCAM:

= A technology-rich Integrated Assessment Model (IAM)
= |AMs simulate interactions among human and earth systems
" Major systems represented in GCAM:

Water Economy Land use F”Q_VSV Sy
Supply and demand Labor and productivity, GDP Agriculture: food, biomass Elergirtal sy lnslisiing burliel s,
transportation

= 30 years of applications, predominantly related to climate change mitigation

= Estimates greenhouse gas (GHG) emissions, but also NOx, SO,, CO, PM, NH, and
other air pollutants

" Global coverage, 32 regions; Time horizon of 2010-2100 in 5 yr steps
" Public domain, open source, requires no proprietary software to run, free
" Runtime of <<1 hour on a typical desktop computer




Regional inputs Economy Markets Stressors Impacts

Energy

Energy supply

Fossil fuels
Renewables
Electricity

Refineries Emissions Environment

Energy conversion GHGs
Air pollutants

technologies Energy demand Wastewater

Industry Waste materials
Energy dem.and Buildings
technologies Transportation

Economy

Policy constraints

Resource bases

Labor force

Water demand

Labor productivity

Climate

o GHG concentrations
e  Radiative forcing

. . Land use e  Global mean temperature
Water supplies Agricultural demand change

Crops . e Sea level rise
S U Agrgcmélture & land
U HGs

J Forest products
e Air pollutants
U Wastewater
o Waste materials

Agricultural supply

Crops GCAM
Land characteristics Livestock
Forest products

Bioenergy CompOnentS

Agricultural

technologies




Temporal and spatial resolution

32 economic and energy regions
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283 agriculture and land use regions

1990 to 2100
5-yr time steps
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* GCAM-USA:

Background, cont’d

= Shares the same code as GCAM
" Energy system represented at the state level

Example state-level outputs for a scenario of the future (these are for Virginia):

Electricity by technology group

2015 2020 2025 2030 2035 2040 2045 2050
B Coal M Gas HOil mBiomass ® Nuclear mHydro © Wind I Solar

Fuel prices relative to 2015

2015 2020 2025 2030 2035 2040 2045 2050
H2 es===Nat. Gas esssmRefined Liquids Electricity

BIn-pass-km Lj
400500 Light duty travel by technology

300000

200000

100000

0
2015 2020 2025 2030 2035 2040 2045 2050

M Liquids ® Hybrid Liquids ®mNG = BEV © FCEV

NOx by sector

2015 2020 2025 2030 2035 2040 2045 2050

B Road " Nonroad ®m Commercial ® Residential " Industry B Electric

oEé Natural gas use by sector

0.7
0.6
0.5
0.4
03
0.2
0.1
0
2015 2020 2025 2030 2035 2040 2045 2050

B Transportation M Residential ® Commercial " Industry M Electricity

5 PM mortality costs relative to 2010
4.00E+09

3.00E+09
2.00E+09

1.00E+09

0.00E+00 I I I I I I I I I
-1.00E+09

2015 2020 2025 2030 2035 2040 2045 2050
m NOx SO2 m Direct PM
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" How would these outputs change if a state, region or the US ...
" incentivizes vehicle electrification or increases CAFE targets?
" adopts new biofuel targets?
" implements a new renewable electricity standard (RES)?
" sets a target CO, reduction goal?
" implements energy efficiency measures?

= Other things that could be examined include:
=" which technological pathways cost-effectively meet multi-pollutant goals
= whether or not existing coal and nuclear plant lifetimes are extended
" implications of wide-spread adoption of advanced technologies

= effects of drastically lower costs for solar PV, wind, stationary battery
mmmm  storage, or electric vehicles.
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Improvements to model

Regulatory representations
e CSAPR

 CA

FE

e State-level RES

Emissi
MOVE

on factors from
S, IPM, NONROAD

Graphical interface

Developed “Scenario Builder”
to facilitate running the model
and managing results

Modifying existing output tools
for visualizing and analyzing
results

GLIMPSE activities

GCAM-USA

Applications

Effects of alternative population
growth and migration patterns
on energy and emissions

Health effects of alternative
energy pathways

Technology assessment

Partnering with others

EPA program office beta-testers

of graphical interface

Beginning collaboration with
EPA Region 1 to explore
regional application:

e pathways for meeting state-level air
quality, energy and climate targets

Other activities

Model evaluation: Comparing
national-, state-, and sector-level
emission outputs with the NEI and
EPA projections

Adding impact factors: PM
mortality costs, O; damage to
timber and crops, N deposition



Validation

Comparison of
GCAM-USA emission
outputs and EPA
Inventories

GCAM-USA: Solid lines
EPA inventories: Dots

National totals by pollutant

6000 2000

(b) SO,
5000
1500
4000

3000 1000

2000
500
1000

National totals

0 0 0
2010 2020 2030 2040 2050 2010 2020 2030 2040 2050 2010 2020 2030 2040 2050

— GCAM-USA total emissions

B [nventory total emissions
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National totals by pollutant and sector

(d) NO, from EGUs, (e) SO, from EGUs, . (f) PM1-5 from E.GUS,I
industrial and residential industrial and residential

industrial and residential
& commercial sectors & commercial sectors

Comparison of
GCAM-USA emission

outputs and EPA
Inventories

2010 2020 2030 2040 2050 2010 2020 2030 2040 2050 2010 2020 2030 2040 2050

3000 _ 120 120 — _
(g) NO, from light-, heavy- (h) SO, from light-, heavy- i) PM, < from light-, heavy-
2500 duty vehicles and off- 100 duty vehicles and off- 100 duty vehicles and off-

highway sectors highway sectors highway sectors
2000 30 80

National sectoral totals

1500
1000
500

0
2010 2020 2030 2040 2050 2010 2020 2030 2040 2050 2010 2020 2030 2040 2050

. i i B EGUs W industrial M residential & commercial ™ light duty vehicles B heavy duty vehicles B non-highwa
GCAM-USA: Solid lines . ght duty w duty ghuiay

T EPA inventories: Dots
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2010 to 2050 emissions growth and control factors for NOx

Reference Case Alternative scenario
Sector Fuel CA CA OH
Electric Biomass 0.32 0.41 5.47
Coal 0.20 0.17 0.35
Gas 1.54 1.50 0.83
Oil 1.33 1.13 0.83
Industrial Coal 1.39 0.86 0.67
Gas 1.15 1.04 0.81
Oil 0.79 0.72 0.50
Refineries 0.54 0.53 0.53
Commercial |Biomass 1.39 1.24 0.73
Gas 1.44 1.39 0.69
Oil 1.26 1.18 0.64
Gas 1.33 1.29 0.77
Oil 1.61 1.54 0.85
Wood 1.31 1.14 0.88
Mobile LDV 0.06 0.06 0.04
HDV 0.26 0.26 0.22
Aircraft 1.31 1.28 0.62
Marine & rail 1.03 0.93 0.21
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State-level 2010 to 2050 growth and control factors

Reference case Alternative scenario

Examining growth and control
factors geographically provides
some insights into state and
regional trends.

Industrial

Transport

- Transport

Growth Factor o
B ﬁ. ':;Q L,}Q p\{:}'_’_q,-“

Decrease  Similar Increase
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Hypothetical RES target - percent of electricity generated
from new capacity added in that year, applied to
each state in the US:

2020 - 30%
PAOC] O 40%
2040 - 50%

2050 - 60%
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Candidate Scenarioc Components filter: Construct or Edit Scenario

Na e RE‘FUSA
Scenario File Name Address Created

FE lated _fileli jects id s i Wed Mar 20 10:4 SOTpOIEE=

1 1 AFE_extrapolat ileLi.. ch\projectsigcam-guiidatalgcam-usa\scenanao... r :

buﬂdmg R B e = File Name
CAFE_fileList.txt c\projects\gcam-guitdata‘gcam-usa‘\scenario.. Sat Feb 25 0&:52:

bIOCkS CAFE_fileList. txt
CEthUSAReg_75BG. bt cprojectsigcam-guitdatatgcam-usaiscenario.. Sat Feb 18 0950
o \projectsigeam-g J CSAPR filelistixt

ElecTechBndC A fxt

CPP_fileList.bxt c\projectshgcam-guitdata‘gcam-usa‘\scenario.. Wed Mar 01 13:0¢
CSAPR_fileListixt : ject -guitdat - io.. Sat Feb 25 0852

_fileLis c\projectshgcam-guitdata‘gcam-usa‘\scenario, at Fe NoNemNukeUSA b
ElecRESto100USA. txt c\projects\gcam-guitdata‘gcam-usa‘\scenario.. Mon Feb 13 182

ElecREStol00USAR tut ch\projectshgcam-guitdata‘gcam-usa‘\scenario.. Fri Feb 03 1540:1

}

Mew | Edit | Delete

Working Scenarios

Components Run Date Analyze

CAFE_fileList.twt; CSAPFR_fileList.txt; ElecTechBndCA.t; MoMew...  Fri Mar 03 09;58;50 EST...
Run Selected

REFUSA. tut; Fri Mar 03 05:58:50 EST...
CAFE_fileList.tut; CSAPR_fileList.txt; ElecTechBndCA. Fri Mar 03 0958:50 EST... Delete Selected
Library of REFUSA.tt: HighEffBldgTechsUSA txt: Fri Mar 03 09:58:50 EST...
scenarios CAFE_fileList.txt; CSAPR_fileList.txt; ElecTechBndCA tet; HighEFfB... Fri Mar 03 08:58:50 EST...
CAFE _filelist.txt; CSAPR,_filelist.txt: ElecTechBndCA.tt: MoMNew..  Fri Mar 03 0%:58:50 EST... Empty Trash
CAFE_fileList.tut; CSAPR_fileList.txt ElecTechBndCA.tt; MoMew..  Fri Mar 03 0%58;50 EST...
CAFE_fileList.tut; CSAPR_fileList.txt; ElecTechBndCA.tt; MoMew...  Fri Mar 03 09;58;50 EST...

Check Status

Options

Creating
a scenario

Analysis of
results

One-click
scenario
execution
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7| GCAM ScenarioBuilder

Candidate Scenario Components filter: Construct or Edit Scenario

Mame: Refllsa

Components:

File Name Address Created
CAFE_extrapolated_fileli.. c\projects\gcam-guitdata‘\gcam-usa‘scenario.. Wed Mar 29 10:4 = m—
ile Name
CAFE_fileList. bt : ject -guitdat - io.. Sat Feb 25 08522
_filelis ch\projectshgcam-guitdata‘gcam-usa‘\scenario, at Fe CAFE fileList.ot
CSAPR_fileListixt

ElecTechBndC A tut

CEthUSAReg_75BG bt ch\projectshgcam-guitdata‘gcam-usa‘scenario.n.  Sat Feb 18 0250
CPP_fileList.txt ch\projectshgcam-guitdata‘gcam-usa‘\scenario.. Wed Mar 01 13:0¢
CSAPR, fileListixt ch\projectshgcam-guitdatagcam-usa‘scenario.n.  Sat Feb 25 0852

NoMNewMuke USA. txt
ElecRESto100USA. txt ch\projectshgcam-guitdata‘gcam-usa‘\scenario.. Mon Feb 13 1825

ElecREStol00USAB txt ch\projectshgcam-guitdata‘gcam-usa‘scenarion., Fri Feb 03 15491

3 >

)&w Edit || Delete Create

/lg Scenarios

Run Mame Components Run Date Analyze

RefUSA CAFE_fileList.twt; CSAPR_fileList.txt; ElecTechBndCA.tuk; MoMew...  Fn Mar 03 09:58:50 EST... e
un Select
RefUSAMaoPol REFUSA Fri Mar 03 09:58:50 EST...

RefUSAwMNuke CAFE_filelist.tut; CSAPR_fileList.txt; ElecTechBndCA. Fri Mar 03 09:58:50 EST... Delete Selected
RefUSAMoPolHE REFUSA. t«t; HighEffEldgTechsUS At Fri Mar 03 09:58:50 EST...

Check Status
ReflUSAwMNukeHE CAFE_filelist.tut; CSAPR_fileList.txt; ElecTechEndCA.tdt; HighEffE.. Fri Mar 03 0%:58:50 EST...
RefUSALowlDV CAFE_filelist.txt; CSAPR_filelist.txt: ElecTechBndCA.&t: MoMNew...  Fri Mar 03 0%:58:50 EST... Empty Trach
ReflUSAHighlDV CAFE_filelist.ot; CSAPR_fileList.txt ElecTechBndCA .tut; MoMew...  Fri Mar 03 09:58:50 EST... Optians
RESUSA CAFE_filelist.tut; CSAPR_fileList.txt; ElecTechBndCA tut; MoMew...  Fn Mar 03 09:58:50 EST...

4
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# | New Scenaric Component

Preset | Tech Bound || XML List

Component: Values: Populate

Applied to:

Action: Emission Cap (Mt) Year > world
ea WO
Sector: Systern Wide

Parametern M Che

Populate:

Type: Initial w5 Growth

Start Year 2020 Mo contert in table
End Year 2100

Initial Amount:

Growth (%)
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# | New Scenaric Component

Preset | Tech Bound || XML List

Component: Values: - ol
CMECnen = Populate Delete Applied to:

Action: Emission Cap (Mt) - Year b world

Sector: Emission Cap (Mt)
Parameter: Emission Tax (/1)
Renewable Elec 5td (35)
Populate Sell Ethanol Shock (E))
itial w3 Growth

Start Yearn 2020 Mo content in table
End Year: 2100

Initial Amount:

Growth (%)
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| # | New Scenaric Component

Preset | Tech Bound || XML List

Componernt: Values: Populate

Applied to:

Action: Renewable Elec Std (35) Year > world
WO
Sector:

Parameter:

Populate:

Type: Initial w/%& Growth

Start Year: 2020 Mo content in table
End Year 2100

Initial Amount:

Growth (38):
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| # | New Scenaric Component

Preset | Tech Bound | XML List
Component: Walues: Populate Applied to:

Action: Renewable Elec Std (%) Year . world

Sector:

Parameter:

Populate:
Type: Initial w3
Start Year: Initial w/% Growth Mo content in table

nitial w/Delt
End Year: Initial w'Delta

o Initial and Final
Initial Amo
Table w/% Change

able w/Delta
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Preset | Tech Bound || XML List

Component: Values: | pgpulate

Applied to:

B = g = e o ar 5 2
Action: Renewable Elec Std (3£) Year b world
Sectorn

Parameter

Populate:

Type: Initial and Final

Start Year 2020 Mo content in table
End Year: 2100

Initial Amount:

Final Amount:
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Preset | Tech Bound | XML List

Component: Values: Populate

Applied to:
Action: Renewable Elec Std (36) Year " world
Secton

Parameter

Populate:

Type: Initial and Final

Start Year: 2020 Mo content in table
End Year

Initial Armount:

Final Amo
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Preset | Tech Bound | XML List

Component: Values: Populate

Applied to:
Action: Renewable Elec Std (36) Year " world
Secton

Parameter

Populate:

Type: Initial and Final

Start Year: 2020 Mo content in table
End Year 2050

Initial Armount:

Final Amount:
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Preset | Tech Bound || XML List

Component: App i

Applied to:
Action: Renewable Elec Std (3£) b world
Sector:

Parameter:

Populate:

Type: Initial and Final

Start Year: 2020 Mo content in table
End Year 2050

Initial Amount: | 30

Final Amount: Eﬂj
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Preset | Tech Bound || XML List

Component: Anp i
Applied to:

Action: Renewable Elec Std (%) " world

Sector

Parameter:

Populate:

Type: Initial and Final
Start Yean 2020

End Year 2050

Initial Amount: | 30

Final Amount: | &0
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Component: Values: Populate || Delete

Applied to:

Action: lenewable Elec Std (3£) id

Sector: 2020 USA

Parameter | Canada

EL-15
2030
Populate: e Europe_MNen_EU
2035 Arean Eres = Accnc ation
AR ope =] de Assocatio
Type: Initial and Final European Free Trade Association
Japan
Start Year: 2020
Australia_MNZ

d Year: 2050 . Asi
End Year 2030 Central Asia

Initial Amount: | 30 T Ruszia
&0 China

Middle East

Final Amount:

Africa_Eastern

Africa Morthern
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| # | New Scenaric Component

Tech Bound || XML List

Component: Values: 3
CMponen e F'Dpulat.—_- .-'lppﬁEd to:

Action: Renewable Elec Std (%)
Secton: 2020 20.00
Parameter: 3500

2030 A0,00
Populate:
2035 4500
Type: Initial and Final
50,00
Start Year 2020
55.00
End Year 2050
N 5000
Initial Amount:| 30

Final Amount: | 60
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Compeonent: Values: | popylate || Delete || Clear Applied to:

Action: Renewable Elec Std (%) Year Value v = world

Sector: 2020 ¥ UsA
Al
AK

Parameter 2025

L d

2030
Az

AR,

Populate:

2035
Type: Initial and Final

2040
Start Year 2020

End Year 2050
2

Initial Amount: | 30

Final Amount: | &0

W
v
v
v
v
v
v
v
v
v
v
v
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| GCAM ScenarioBuilder

Candidate Scenaric Components filter: Construct or Edit Scenario

Mame:

File Name Address Created
~ Components:
SysTaxCO2Reg2 tut chprojects\gcam-guitdata‘gcam-usalscenaric.. Mon Feb 13 18:28:02
SysTaxCO2Reg MNE20.. c\projects\gcam-guitdata‘\gcam-usa\scenario..., Wed May 10 14:51:0:
TechBnd_CA HFCVixt  c\projects\gcam-guitdata‘gcam-usa\scenaric.., Tue Mar 28 10:33:13
TechBnd_CA_LDVWCon.. c\projects\gcam-guitdata‘gcam-usa\scenario... Tue Mar 28 11:28:22
TechBnd_CA_LCOWEen.. c\projects\gcam-guitdatalgcam-usa\scenario.. Tue Mar 28 103141 Mo content in table
TechBnd_USA_LDVEo.. c\projects\gcam-guitdatadgcam-usa‘\scenario... Fri Apr2808:04:38 E,

ElecRES_USA 30-60... C\Projects\GCAM-GUN\data\GCAM-USA\Scen., Wed May 17 08:21:4
¢

File Name

Mew | Edit || Delete

Waorking Scenarios

Run Name Components Run Date
CAFE_fileList.txt; CSAPR_fileList.txt; ElecTechBndCA. tet; MoMew..  Mon May 01 16:26:06 E...
MoPol REFUSA. tut; Fri Mar 03 09:58:50 EST...
Muke CAFE_fileList. tut: CSAPR_fileList.txt ElecTechBndCA. fut;: Fri bar 03 09:58:50 E5ST...
RepdSANoPolHE REFUSA.tut; HighEffEldgTechsUS Atxt; Fri Mar 03 09:58:50 EST...
RefUsAwMNukeHE CAFE_fileList.txt; CSAPR_fileList.txt; ElecTechBndCA. tet; HighEffB... Fri Mar 03 02:58:50 E5T...

Check Status

RefUSALowl DV CAFE_fileList. tut: CSAPR_fileList.txt: ElecTechBndCA.tut: NoMew...  Fri Mar 03 0%58:50 EST... Empty Trash

RefUSAHighLDV CAFE_fileList. tut: CSAPR_fileList.txt ElecTechBndCA. it MoMew...  Fri Mar 03 0958:50 E5T... Options

RESLISA CAFE_fileList. tut: CSAPR_fileList.txt: ElecTechBndCA.tut: NoMew...  Fri Mar 03 0%58:50 EST...

%
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Candidate Scenaric Components filter: Construct or Edit Scenario

Mame;

File Mame Address Created
Componerits:

SysTaxCOZRegl it chprojectsigcam-guitdatatgcam-usatscenaric.., Mon Feb 13 18:28:02 File Name
SysTaxCOZReg_ME20.. c\projects\gcam-guitdata‘gcam-usaiscenaric.,.. Wed May 10 14:51:0:
TechBnd_CA HFCVixt  c\projectsigcam-guitdatagcam-usatscenaric.. Tue Mar 28 10:33:13
TechBnd_CA_LOVCon.. c\projects\gcam-guitdata‘gcam-usa‘scenario.. Tue Mar 28 11:28:22
TechBnd_CA_LOVEon.. ch\projectsigcam-guitdatadgcam-usatscenaric., Tue Mar 28 10:31:41 Mo content in table
TechBnd_USA_LDVEo.. c\projects\gcam-guitdatadgcam-usa'scenario.. Fri Apr28 08:04:38 E

ElecRES USA 30-80_. Ch\Projects\GCAM-GUN\data\GCAM-USA\Scen... Wed May 17 0B:21:4.
¢ >

Mew | Edit || Delete

Working Scenarios

Run Name Run Date Analyze
RefUsA CAFE fileList.txt; CSAPR._fileList.txt; ElecT echBndCA.tt: NoMNew...  Mon May 01 16:26:06 E...
RefUSANoPol REFUSA. tut; Fri Mar 03 09:58:50 EST...
ReflUSAwMuke CAFE filelist.tut: CSAPR,_fileLlist.tvt ElecTechBndCA. bt Fri Mar 02 00:58:50 EST... Delete Selected
RefUSANoPolHE REFUSA.tut; HighEffEldgTechsUS Akt Fri Mar 03 09:58:50 EST...
RefUsAwMNukeHE CAFE_fileList.t«t; CSAPR_fileList.txt; ElecTechBndCA.tet; HighEffE... Fri Mar 03 02:58:50 E5T...

Run Selected

Check Status

RefUSALowlDW CAFE_fileList. tut: CSAPR_fileList.txt: ElecTechBndCA.tut: NoMew...  Fri Mar 03 09:58:50 EST... Empty Trash

RefUSAHighlDV CAFE_fileList tut: CSAPR_fileList.txt ElecTechBndCAtut MoMew...  Fri Mar 03 09:58:50 EST... Options

RESLISA CAFE_fileList. tut: CSAPR_fileList.txt: ElecTechBndCA.tut: NoMew...  Fri Mar 03 09:58:50 EST...

J
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Candidate Scenaric Components filter: Construct or Edit Scenario

Mame: ReflISA

Componerts:

File Name Address Created

SysTaxCO2Reg? tut chprojects\gcam-guitdatatgcam-usa‘scenario.. Mon Feb 13 18:28:02 File Name

SysTaxCO2Reg_NE20.. c\projects\gcam-guildata‘gcam-usa\scenario... Wed May 10 14:51:0: CAFE fileList txt

TechBnd_CA HFCW et cl\projects\gcam-guitdata‘gcam-usa'scenario., Tue Mar 28 10:33:13 CSAPR fileListixt

TechBnd_CA_LDVCon.. c\projects\gcam-guitdata‘gcam-usa\scenario... Tue Mar 28 11:28:22 ElecT echBrdC Atet

TechBnd_CA_LDVEon.. cl\projects\gcam-guitdata‘gcam-usa'scenario., Tue Mar 28 10:31:41 NoNewNuke USA.tt

TechBnd_USA_LDVEo.. c\projects\gcam-guitdata‘gcam-usa\scenario... Fri Apr28 08:04:38 E.

ElecRES_USA 30-60_.. CAProjects\GCAM-GUD\data'\GCAM-USANScen.. Wed May 17 08:21:4
¢ >

Mew || Edit || Delete Create

Working Scenarios

Run Mame Components Run Date Analyze
RefUSA CAFE_file List.tut; CSAPR,_fileList.txt; ElecTechBndCA.txt; NoMNew...  Mon May 01 16:26:06 E...
RefUSANGcPol REFUSA. tut; Fri Mar 03 0%:58:50 EST...
RefUsAwMuke CAFE_fileList.tut: CSAPR_fileList.twt: ElecT echBndCa. tut: Fri Mar 03 09:58:50 EST... Delete Selected
RefUSANoPolHE REFUSA.tet; HighEffEldgTechsUS At Fri Mar 03 0%:58:50 EST...
RefUsAwMNukeHE CAFE_fileList.twt; CSAPR_fileList.txt; ElecTechBndCA.tt; HighEffB.. Fri Mar 03 09:58:50 EST...

Run Selected

Check Status

RefUsSALowl DV CAFE_fileList.tut: CSAPR_fileList.twt: ElecTechBndCa. et MoMew...  Fri Mar 03 09:58;50 EST... Empty Trash

RefUSAHighLDV CAFE_fileList.tut: CSAPR_fileList.tut: ElecTechBndCa.tut: MoMew...  Fri Mar 03 09:58;50 E5T... Optians

RESLISA CAFE_fileList.tut: CSAPR_fileList.twt: ElecTechBndCa. et MoMew...  Fri Mar 03 09:58;50 EST...

3




<EPA

United States 7 | GCAM ScenaricBuilder

Environmental Protect
Agency

Candidate Scenaric Components filter: Construct or Edit Scenario

File Mame Address Created

SysTanCOZ2Reg2 it : ject -guitdat - ic.. Mon Feb 13 18:28:02
ysTax eg chprojectsigcam-guitdatagcam-usa‘scenario, on Fe File Name

SysTaxCOZReg_ME20.. c\projects\gcam-guitdata‘gcam-usa'scenaric.. Wed May 10 14:51:00

TechBnd_CA HFCVixt  ch\projects\gcam-guitdatagcam-usa‘scenaric.. Tue Mar 28 10:33:13 CSAPR fileListixt

TechBnd_CA_LOVCon.. c\projectshgcam-guitdatadgcam-usa‘scenario.. Tue Mar 28 11:28:22 ElecTechBrdC At

TechBnd_CA_LOVEon.. ch\projectsigcam-guitdatadgcam-usa‘scenaric.,, Tue Mar 28 10:31:41 NoNewNuke USA. tit

TechBnd_USA_LDVEo.. c\projects\gcam-guitdatadgcam-usa'scenario.. Fri Apr 28 08:04:38 E. ElecRES_USA 30-60_2020-2050.txt

ElecRES USA 30-80_. Ch\Projects\GCAM-GUN\data\GCAM-USA\Scen... Wed May 17 0B:21:4.
¢ >

Mew | Edit || Delete

Working Scenarios

Run Name Components Run Date Analyze
Reflsa CAFE_fileList.twt; CSAPR,_fileList.txt; ElecTechBndCA bt NoMew...  Mon May 01 16:268:06 E...
RefUSAMoPol REFUSA. tut; Fri Mar 03 09:58:50 EST...
ReflUSAwMuke CAFE filelist.tut: CSAPR, fileList.txt: ElecTechBndCA. bt Fri ar 03 02:58:50 EST... Delete Selected
RefUSAMNoPolHE REFUSA.t«t; HighEffEldgTechsUSAtxt; Fri Mar 03 09:58:50 EST...
RefUsAwMNukeHE CAFE_fileList.t«t; CSAPR_fileList.txt; ElecTechBndCA. bt HighEffE... Fri Mar 03 02:58:50 EST...

Run Selected

Check Status

RefUSALowlDW CAFE_fileList. tut: CSAPR_fileList.txt: ElecTechBndCA. it NoMew...  Fri Mar 03 0%:58:50 EST... Empty Trash

RefUSAHighlDV CAFE_filelist tut: CSAPR_fileList.txt ElecTechBndCA. tut: MoMew...  Fri Mar 03 0%:58:50 E5T... Options

RESLISA CAFE_fileList. tut: CSAPR_fileList.txt: ElecTechBndCA. it NoMew...  Fri Mar 03 0%:58:50 EST...

(




<EPA

United States # | GCAM ScenarioBuilder

Environmental Protec
Agency

Candidate Scenaric Components filter: Construct or Edit Scenario

Marme: RESUSA

Components:

File Name Address Created

SysTaxCO2Reg2 ixt c\projects\gcam-guivdata‘gcam-usatscenaric.. Mon Feb 13 18:28:02 b

File Name
SysTaxCO2Reg ME20.. c\projects\gcam-guitdata‘gcam-usaiscenaric... Wed May 10 14:51:0: CAFE fileList.tet
CSAPR_fileListtet

ElecTechBndC A tut

TechBnd_CA HFCV.txt  c\projects\gcam-guitdata‘gcam-usatscenario.. Tue Mar 28 10:33:13
TechBnd_CA_LDVCon.. c\projects\gcam-guindata®gcam-usa‘scenario... Tue Mar 28 11:28:22
TechBnd_CA_LDWEoh.. c\projects\gcam-guitdatagcam-usatscenario.. Tue Mar 28 10:31:41 NoNewNuke USA. txt
TechBnd_USA_LDVEc.. c\projects\gcam-guitdata‘gcam-usascenario... Fri Apr2808:04:38 E.

ElecRES_USA 30-60... CAProjects\GCAM-GUN\data\GCAM-USA\Scen.. Wed May 17 08:21:4;

¢ b 5

Mew || Edit || Delete Lreate
‘74/)“

Working Scenarios f

ElecRES_USA_30-60_2020-2050 txt

Run Name Components Run Date Complete Analyze

ReflUSA CAFE_file List.tet; CSAPR,_fileList.txt; ElecTechEndCA.td; NoMNew..  Mon May 01 16:268:06 E... true

ReflUSAMNoPol REFUSA. txt; Fri Mar 03 0%;58;50 EST... true

ReflSAwMuke CAFE_fileList.tut; CSAPR_fileList.txt; ElecTechBndCA. Fri Mar 03 0%958;50 EST... true Delete Selected
RefUSANoPolHE REFUSA.tet; HighEffEldgTechsUS At Fri Mar 03 0%:58:50 EST... true
ReflUSAwMNulkeHE CAFE_fileList.tut; CSAPR_fileList.ixt; ElecT echEndCA .ty HighEffE.. Fri Mar 03 0%:58:50 EST... true
RefUSALowlDY CAFE _fileList.tut; CSAPR,_filelist.txt: ElecTechBndCA.tt: NoMew...  Fri Mar 03 0%:58:50 EST... true Empty Trash
RefUSAHighLDV CAFE_fileList.twt; CSAPR_fileList.txt; ElecTechBndCA tut; MoMew...  Fri Mar 03 0%:58;50 EST... true
RESUSA CAFE_fileList.twt; CSAPR_fileList.txt; ElecTechBndCA.tt; MoMew...  Fri Mar 03 0%:58;50 EST... true

.

Run Selected

Check Status

Options

3




<EPA

United States
Environmental Protect
Agency

| GCAM ScenarioBuilder

Candidate Scenarioc Components filter: Construct or Edit Scenario
Mame: I RESLJSA

Componerts:

File Name Address Created

SysTanCO2Reg2 fut chprojects\gcam-guitdata‘gcam-usa\scenaric.. Mon Feb 13 18:28:02
SysTaxCO2Reg_NE20.. ch\projects\gcam-guildata‘\gcam-usa\scenario... Wed May 10 14:51:0:
TechBnd_CA HFCV it ch\projects\gcam-guitdata‘gcam-usa'scenaric., Tue Mar 28 10:33:13
TechBnd_CA_LDVCon.. c\projects\gcam-guitdata‘\gcam-usa\scenario.. Tue Mar 28 11:28:22
TechBnd_CA_LOVEen.. clprojects\gcam-guitdata‘gcam-usa'scenaric., Tue Mar 28 103141
TechBnd_USA_LDVEo.. clprojects\gcam-guitdata‘\gcam-usa\scenario... Fri Apr2808:04:38 E,

ElecRES_USA 30-60_.. C'\Projects\GCAM-GUD\data\GCAM-USA\Scen.. Wed May 17 08:21:4;
¢ 3

File Name
CAFE_filelist. bt
CSAPR_fileListixt
ElecTechBndCA tut
MoMNewMuke USA.
ElecRES_USA 30-60_2020-2050 &t

3

Mew || Edit || Delete

Working Scenarios

Run Mame Components Run Date Analyze
Reflsa, CAFE_fileList.twt; CSAPR_fileList.txt; ElecTechBndCA.tt; NoNew..  Mon May 01 16:26:06 E..
RefUSAMoPol REFUSA. et Fri Mar 03 09:58:50 EST...
ReflUsawhuke CAFE filelist.tet: CSAPR,_filelist.txt: ElecTechBndCA. txt: Fri Mar 03 09:58:50 EST... Delete Selected
RefUSAMoPolHE REFUSA.tt; HighEfBlIdgTechsUSAtxt; Fri Mar 03 09:58:50 EST...
RefUsAwMukeHE CAFE_fileList.twt; CSAPR_fileList.txt; ElecTechBEndCA.txt; HighEffB... Fri Mar 03 09:58:50 EST...

Run Selected

Check Status

RefUSALowl DV CAFE_fileList.tut: CSAPR_fileList.tut: ElecTechBndCA. bt MoMew...  Fri Mar 03 09:58:50 E5ST... Empty Trash

RefUSAHighLDV CAFE_fileList.tut: CSAPR_fileList.tut: ElecTechBndCaAtut: MoMew...  Fri Mar 03 09:58:50 E5T... Options

CAFE_fileList.tut: CSAPR_fileList.tut: ElecTechBndCA. bt MoMew...  Fri Mar 03 09:58:50 E5ST...




<EPA

United States # | GCAM ScenarioBuilder

Environmental Protec
Agency

Candidate Scenaric Components filter: Construct or Edit Scenario

Marme: RESUSA

Components:

File Name Address Created

SysTaxCO2Reg2 ixt c\projects\gcam-guivdata‘gcam-usatscenaric.. Mon Feb 13 18:28:02 b

File Name
SysTaxCO2Reg ME20.. c\projects\gcam-guitdata‘gcam-usaiscenaric... Wed May 10 14:51:0: CAFE fileList.tet
CSAPR_fileListtet

ElecTechBndC A tut

TechBnd_CA HFCV.txt  c\projects\gcam-guitdata‘gcam-usatscenario.. Tue Mar 28 10:33:13
TechBnd_CA_LDVCon.. c\projects\gcam-guindata®gcam-usa‘scenario... Tue Mar 28 11:28:22

TechBnd_CA_LDWEoh.. c\projects\gcam-guitdatagcam-usatscenario.. Tue Mar 28 10:31:41 NoNewNuke USA. txt

TechBnd_USA_LDVEc.. c\projects\gcam-guitdata‘gcam-usascenario... Fri Apr2808:04:38 E. ElecRES_USA 20-60_2020-2050 txt

ElecRES_USA 30-60... CAProjects\GCAM-GUN\data\GCAM-USA\Scen.. Wed May 17 08:21:4;

¢ b 5

Mew || Edit || Delete Create

Working Scenarios

Run Name Run Date Analyze

RefUSA CAFE_file List.tt; CSAPR,_fileList.txt; ElecTechBndCA.tt; NoMNew..  Mon May 01 16:26:06 E...

RefUSANcPol REFUSA.txt; Fri Mar 03 05:58:30 EST...

ReflSAwMuke CAFE_fileList.tut; CSAPR_fileList.txt; ElecTechBndCA. Fri Mar 03 0%58:50 EST... Delete Selected

RefUSAMNoPolHE REFUSA.txt; HighEffBldgTechsUS Atxt; Fri Mar 03 05:58:30 EST...

ReflUSAwMNulkeHE CAFE_fileList.tut; CSAPR,_fileList.txt; ElecTechBndCA.tet; HighEffE...  Fri Mar 03 0%:58:50 EST...

RefUSALowlDY CAFE fileList.tut; CSAPR,_filelist.txt: ElecTechBndCA.tt: MoMew...  Fri Mar 03 0%:58:50 EST... Empty Trash

RefUSAHighLDV CAFE_fileList.tut; CSAPR_fileList.txt; ElecTechBndCA .t MoMew...  Fri Mar 03 0%958:50 EST...
CAFE_fileList.txt; CSAPR_fileList.txt; ElecTechBndCA.tt; MoMew..  Fri Mar 03 0958;50 EST...

Run Selected

Check Status

Options




9 )
Y4 =
United States # | GCAM ScenaricBuilder

Environmental Protect
Agency

Candidate Scenaric Components filter: Construct or Edit Scenario

Mame: RES
File Mame Address Created
e Components:
7| e\projects\models\gcamord-gcam-usa_4p3imain_user_workspace\ exe\Objects-Main.exe ==l ="
Parzing .. inputsgcam—data—systemsxml-senergy—xml-sen_supply_.xml scenario componeny b CAFE_filelist.tut
t.
Parzing .. input/gcam—data—systemsxml/energy—xml-en_transformation.xml scenario CSAPR_fileList.het
component . .
Parzing .. inputsgcam—data—systemsxml-senergy—xml-selectricity.xml scenario compon ElecTechBndCA. tut
ent .
Parzing .. input/gcam—data—systemsxml/energy—xml-heat.xml scenario component. MoMewMuke USA. tut
Parzing .. input-/gcam—data—systemsxmlsenerguy—xml-hydrogen.xml scenario component ElecRES USA 2
ecRES_USA 30-6(

ﬁarsing - AinputAgecam—data—systemsxmlAsenergy—xmlsen_distribution.xml scenario co
mponent .
Parzing .. input-/gcam—data—systemsxmlsenergy—xml-/industry_.xml scenario component

Parzing .. input-/gcam—data—systemsxmlsenerguyu—xml-/industry_incelas_gcam3d.xml scen
ario component.

Parzing .. input/gcam—data—systemsxmlsenergy—xml-scement._.xml scenario component.
Parsing .. inputsgcam—data—svystemsxml-senergy—xml-scement_incelas_gcamd.xml scenar
io component .

Parsing .. inputs/gcam—data—systemsxmlsenergy—xml-sen_Fert.xml scenario component.

Parzing .. inputsgcam—data—systemsxmlsenergy—xml-HDDCDD_constdd_no_GCM.xml scena i Date Complete
rio component .
Parsing .. inputsgcam—data—systemsxmlsenergy—xml-sbuilding_det.xml scenario compo 1 16:26:06 E... true

nent .
.30 EST...

ReflSAwMuke CAFE_fileList.tut; CSAPR_fileList.txt; ElecTechBndCA. Fri Mar(
RefUSANoPolHE REFUSA.tet; HighEffEldgTechsUS At Fri Mar 03 0%:58:50

ReflUSAwMNulkeHE CAFE_fileList.tt; CSAPR_fileList.txt; ElecT echEndCA .ty HighEffE.. Fri Mar 030

Check Status

RefUSALowlDV CAFE_fileList.twt; CSAPR_fileList.txt; ElecTechBndCA tt; NoMew...  Fri Mar 03 09;58;50 EST... Empty Trash
RefUSAHighLDV CAFE_fileList.tut; CSAPR_fileList.txt; ElecTechBndCA.tt; MoMew...  Fri Mar 030
RESUSA CAFE fileList.txt; CSAPR_fileList.txt; ElecTechBndCA txt; NoMew...  Fri Mar 03 09;58;50 EST...

Options




<EPA

United States # | GCAM ScenarioBuilder

Environmental Protec
Agency

Candidate Scenaric Components filter: Construct or Edit Scenario

Marme: RESUSA

Components:

File Name Address Created

SysTaxCO2Reg2 ixt c\projects\gcam-guivdata‘gcam-usatscenaric.. Mon Feb 13 18:28:02 b

File Name
SysTaxCO2Reg ME20.. c\projects\gcam-guitdata‘gcam-usaiscenaric... Wed May 10 14:51:0: CAFE fileList.tet
CSAPR_fileListtet

ElecTechBndC A tut

TechBnd_CA HFCV.txt  c\projects\gcam-guitdata‘gcam-usatscenario.. Tue Mar 28 10:33:13
TechBnd_CA_LDVCon.. c\projects\gcam-guindata®gcam-usa‘scenario... Tue Mar 28 11:28:22

TechBnd_CA_LDWEoh.. c\projects\gcam-guitdatagcam-usatscenario.. Tue Mar 28 10:31:41 NoNewNuke USA. txt

TechBnd_USA_LDVEc.. c\projects\gcam-guitdata‘gcam-usascenario... Fri Apr2808:04:38 E. ElecRES_USA 20-60_2020-2050 txt

ElecRES_USA 30-60... CAProjects\GCAM-GUN\data\GCAM-USA\Scen.. Wed May 17 08:21:4;

¢ b 5

Mew || Edit || Delete Create

Working Scenarios

Run Name Run Date Analyze

RefUSA CAFE_file List.tt; CSAPR,_fileList.txt; ElecTechBndCA.tt; NoMNew..  Mon May 01 16:26:06 E...

RefUSANcPol REFUSA.txt; Fri Mar 03 05:58:30 EST...

ReflSAwMuke CAFE_fileList.tut; CSAPR_fileList.txt; ElecTechBndCA. Fri Mar 03 0%58:50 EST... Delete Selected

RefUSAMNoPolHE REFUSA.txt; HighEffBldgTechsUS Atxt; Fri Mar 03 05:58:30 EST...

ReflUSAwMNulkeHE CAFE_fileList.tut; CSAPR,_fileList.txt; ElecTechBndCA.tet; HighEffE...  Fri Mar 03 0%:58:50 EST...

RefUSALowlDY CAFE fileList.tut; CSAPR,_filelist.txt: ElecTechBndCA.tt: MoMew...  Fri Mar 03 0%:58:50 EST... Empty Trash

RefUSAHighLDV CAFE_fileList.tut; CSAPR_fileList.txt; ElecTechBndCA .t MoMew...  Fri Mar 03 0%958:50 EST...
CAFE_fileList.txt; CSAPR_fileList.txt; ElecTechBndCA.tt; MoMew..  Fri Mar 03 0958;50 EST...

Run Selected

Check Status

Options




EPA

United States
Environmental Protection
Agency

Scenarios
in results
database

Modeled
regions

Query results

GLIMPSE Enhanced Modellnterface

[ch\projects\models\gcamiord-gcam-usa_4p3imain_user_workspaceloutputhdatabase_basexdb] - Modellnterface

File Edit Table Help

ReflUSA 2017-3-3109:58:51-05:00

RefUSAMoPol 2017-3-3T12:25:31-05:00

RefUSAwhNuke 2017-3-3T12:55:51-05:00

ReflSAMoPolHE 2017-3-3T14:13:16-05:00
SAwhukeHE 2017-3-3T14:41:11-05:00
SALowlLDV 2017-3-3T16:07:47-05:00

USAHIghLDY 2017- 17:24:10-05:00

SA 2017-3-3T19 6+15:00

RefUSATPMMUk:

CaonlyLDVE 2017
CaonlyHFCY 201

1990 2005 2010 2015 2020 2025 2030

2035

Africa_Eastern

Africa_Morthern
Africa_Southern

2040

2045

2050

2065

| QuUEeries

, Primary Energy

= Primary Energy Consumption {Average Fossil Effidency Conversion)

= Primary Energy Consumption (Direct Equivalent)
= Primary energy with CCS (Direct Equivalent)
: Resource production
= Regional primary energy costs
| Electricity
= Electricity generation by region (ind rooftop PV and CHF)
= Electricity generation by region {central only)

= Electricity generation by aggregate technology

2080 2095 Units

Electricity generation by
aggregate technology

a
i

jutput (EJ)
E

An extension of PNNL's Modellnterface

List of scenario
outputs that can
be queried

Query
visualization



(e .
\V’EPA || [c\projects\models\gcamtord-gcam-usa_4p3\main_user_workspaceloutputhdatabase_basexdb] - Modellnterface IE

United States File Edit Table Help
Environmental Protection

Agency Scenario Regions Queries
RefUSA 2017-3-3T09:58:51-05:00 I oueries |

-~
RefUsANoPol 2017-3-3T12:25:31-05:00 Africa_Fastern |E| [=- . Primary Energy |E|
RefUsawMuke 2017-3-3T12:55:51-05:00 Africa_Morthern - = Primary Energy Consumption (Average Fossil Efficency Conversion) —

Refl)saAMNoPolHE 2017-3-3T14:13: 16-05:00 Africa_Southern - = Primary Energy Consumption (Direct Equivalent)
RefUsawMukeHE 2017-3-3T 14:41: 11-05:00 Africa_Western - = Primary energy with CCS (Direct Equivalent)
RefUSALowlDV 2017-3-3T16:07:47-05:00 Australia_NZ -7 = Resource production
ReflUSAHIghLDY 2017-3-3T17:24: 10-05:00 Brazil - = Regional primary energy costs
RESUSA 2017-3-3T19:03:56+19:00 Canada - || Electricity
RefUSAIPM 2017-3-3T20:43:57+159:00 Central America an -7 = Electricity generation by region (ind rooftop PV and CHF)
A= ISAIPMMuke 2017-6-3T18:43:04-05:00 Central Asia - = Blectricity generation by region {central anly)

AonlyLDVE 2017-28-3T11:25:23-04:00 China - = Electricity generation by aggregate technology

CAorlyHFCY 2017-28-3T13:57: 17-04.00 EU-12 | - Slactoieite: nomcestion by sacheslns: fins olas snafol

e sl ¥
ChonlyRES 2017-28-3T16:32:42-04:00 ELI-15 s — >} >,
CAonlyLDVC 2017-28-3T20:37:514+20:00 [ m Run Query |Ipdate Single Queries Create Remove Edit




<EPA

United States
Environmental Protection
Agency

iél [c\projects\models\gcamord-gcam-usa_4p3imain_user_workspace\output\database_basexdb] - Modellnterface

File Edit Table Help

Scenario
RefUsA 2017-3-3T09:58:51-05:00
ReflSAMNoPal 2017-3-3T12:25:31-05:00
RefUsawMuke 2017-3-3T12:55:51-05:00
ReflSAMNoPolHE 2017-3-3T14:13: 16-05:00
ReflSAwMukeHE 2017-3-3T14:41:11-05:00
ReflSALowlDY 2017-3-3T 16:07:47-05:00
ReflSaHghLDY 2017-3-3T17:24: 10-05:00
ReflSAIPM 2017-3-3T20:43:57+19:00
ReflISAIPMMuke 2017-6-3T18:43:04-05:00
ChonlyLDVE 2017-28-3T11:25:23-04:00
CAonlyHFCY 2017-25-3T13:57:17-04:00
ChonlyRES 2017-28-3T16:32:42-04:00
CAonlyLDVC 2017-28-3T20:37:51+20:00

Regions

Africa_Eastern
Africa_Morthern

Australia_|
Brazil
Canada
Central America an
Central Asia
China
ELl-12
ElJ-15
4 [m

| Ele

Queries

= |, Primary Energy =

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

= Primary energy with CCS (Direct Equivalent)

= Resource production

= Regional primary energy costs

ciricity

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

= Electricity generation by region {central only)

= Electricity generation by aggregate technology

o Elamtrisibns smeee—biee koo becbeslao fime colae eonfad

1 | »

Run Query

[ LUpdate Single Queries ][ Create ” Remove ] Edit




[ 9 .

\V’EPA | £ [e\projects\models\gcam'ord-gcam-usa_4p3imain_user_workspace\outputidatabase_basexdb] - Modellnterface
United States File Edit Table Help
Environmental Protection
Agency Scenario Regions Queries

RefUUSA 2017-3-3T09:58:51-05:00 Argentina I oueries |

ReflisAMoPol 2017-3-3T12:25:31-05:00 Colombiza = ., Primary Energy

RefUSAwMuke 2017-3-3T12:55:51-05:00 AL - = Primary Energy Consumption (Average Fossil Effidency Conversion)

ReflSAMoPolHE 2017-3-3T14:13: 16-05:00 AK - = Primary Energy Consumption (Direct Equivalent)

RefUSAwMukeHE 2017-3-3T14:41:11-05:00 AZ - = Primary energy with CCS (Direct Equivalent)

RefUsalowlDV 2017-3-3T 16:07:47-05:00 AR -7 = Resource production

RefUSAHighLDY 2017-3-3T17:24: 10-05:00 = Regional primary energy costs

RESUSA 2017-3-3T19:03:564+19:00 Co - || Electricity

ReflSAIPM 2017-3-3T20:43:57+19:00 CT - & Electricity generation by region (ind rooftop PV and CHF)
RefUSAIPMMuke 2017-6-3T18:43:04-05:00 DE - = Electricity generation by region (central only)
CAonlyLDVE 2017-28-3T11:25:23-04:00 DiC it jon by aggregate technology
ChonlyHFCV 2017-28-3T13:57: 17-04:00 FL 2 Sl it o bexs brochnole o fine oalas o)
CAonlyRES 2017-28-3T16:32:42-04:00 GA
CAonlyLDVC 2017-28-3T20:37:51+20:00 4 Run Query ‘% ueries ][ Create ][ Remaove ] Edit

T | »




[ o) -
\V’EPA | £ [ch\projects\models\gcambord-gcam-usa_# p3imain_user_workspace\output)database_basexdb] - Modellnterface

United States File Edit Table Help
Environmental Protection
Agency Scenario Regions Queries

ReflUsA 2017-3-3109:58:51-05:00 Argentina | queries -
RefUSAMoPol 2017-3-3T12:25:31-05:00 Colombia = .| Primary Energy E
ReflSawMuke 2017-3-3T12:55:51-05:00 AL - = Primary Energy Consumption {Average Fossil Efficiency Conversion)
ReflSAMoPolHE 2017-3-3T14:13: 16-05:00 Ak - = Primary Energy Consumption (Direct Equivalent)

RefUsawNukeHE 2017-3-3T14:41: 11-05:00 AZ -7 = Primary energy with CC5 (Direct Equivalent)

RefUsalowlDV 2017-3-3T16:07:47-05:00 AR - = Resource production

ReflSaHighLDY 2017-3-3T17:24: 10-05:00 - = Regional primary energy costs

RESUSA 2017-3-3T19:03:55+19:00 Co - || Electricity

ReflSAIPM 2017-3-3T20:43: 57+19:00 CT - & Electricity generation by region (ind rooftop PV and CHF)
ReflSAIPMMuke 2017-6-3T18:43:04-05:00 DE - & Electricity generation by region (central only)

CAonlyLDVE 2017-28-3T11:25:23-04:00 DC ==

CAonlyHFCY 2017-28-3T13:57:17-04:00 FL | - Condd mnt cconce tm bt 3
CAonlyRES 2017-28-3T16:32:42-04:00 GA

CAonkyLDVC 2017-28-3T20:37:51+20:00 ] £ Run Query Update Single Queries Create Remaove Edit




(o)
\V’EPA [ £ [c\projects\models\gcamord- gcam-usa_4p3\main_user_workspace\output\database_basexdb] - Modellnterface

United States File Edit Table Help
Environmental Protection

Agency Scenario Regions Queries
ReflUsA 2017-3-3T09:58:51-05:00 » | | ) queries

ReflUSAMoPal 2017-3-3T12:25:31-05:00 a4 [=-- |, Primary Energy |E|
RefUsAwMuke 2017-3-3T12:55:51-05:00 OR. - = Primary Energy Consumption (Average Fossil Effidency Conversion) —
RefUSAMoPolHE 2017-3-3T14: 13:16-05:00 FA - = Primary Energy Consumption {Direct Equivalent)

RefUsAwMukeHE 2017-3-3T14:41: 11-05:00 RI - = Primary energy with CC5 (Direct Equivalent)

RefUsALowlDV 2017-3-3T16:07:47-05:00 SC - = Resource production

RefUSAHighLDY 2017-3-3T17:24:10-05:00 - = Regional primary energy costs

RESUSA 2017-3-3T19:03:564+19:00 - | Electricity

RefUSAIPM 2017-3-3T20:43:57+19:00 = - = Electridty generation by region {nd rooftop PV and CHF)
RefUSAIPMMuke 2017-6-3T15:43:04-05:00 3 - & Electricity generation by region {central only)

CAonlyLDVE 2017-28-3T11:25:23-04:00 VT SR

CAonlyHFCY 2017-28-3T13:57:17-04:00 a) - o ddl ok o g kot

CAonlyRES 2017-28-3T16:32:42-04:00

I
CAonlyLDVC 2017-28-3720:37:51+20:00 Run Query Update Single Queries Create Remove Edit

[Ed Electricity generation by agaregate technology
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SEPA  Application: Renewable Electricity Standard

Agency

State-level electricity production (2005-2050) by aggregated technology
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SEPA  Application: Renewable Electricity Standard

Environmental Protection
Agency

Relative to reference case value in that year

2005 2010 2015 2020 2025 2030 2035
California 0% 0% 0% 1% 1% 0% 0%
0% -3% -6% -6% -7%
Increased PM mortality relative to 0% -3% 3% -5% 7%
reference largely from: 0% -3% -5% -6% -8%
* Increased biomass for electricity

Chanroe in
CO, «

2015 2020 2025 2030 2035
0% 6% 7% 7% 8%
0% 10% 15% 15% 15%
0% 9% 8% 7% 6%
0% 12% 15% 16% 17%

Other factors:
;14 * Industrial fuel switching in response to
elect electricity and natural gas prices changes
* Minor increase in utilization of refined
petroleum products for electricity
production

Change in California
PM mortality North Carolina
costs Ohio

Texas




SEPA  Application: Renewable Electricity Standard

Environmental Protection
Agency

JELVEEA  Supporting state-level decision making:
2005 2010 201

e e California 0% 0% 0% Results like these help inform the process
OO
Increased PM mortality relative to 09
reference largely from: 04 °* Isthe amount of biomass increase

* Increased biomass for electricity indicated practical?

1 * Arethere measures in place or that could
Other factors: be taken to avoid this PM health

CO, ( and point to important questions to ask:

®:r:18 * Industrial fuel switching in response to disbenefit?
elect electricity and natural gas prices changes Could disbenefits be avoided if the RES
* Minor increase in utilization of refined were structured differently?
petroleum products for electricity ’ ' ' '
production

Change in California
PM mortality North Carolina
costs Ohio

Texas




SEPA  Next steps

Environmental Protection
Agency

e Continue to foster existing partner relationships
= EPA Program Offices and Region 1

e Seek out additional partners
" beta testers for the model and GUI?
= analyses with EPA regions and states?

e Explore other uses
= classroom setting, university research projects?

e Applications

" emission projections, technology assessment, population growth and migration
patterns...?

* New GCAM-USA features

= PNNL: industrial sector improvements, time slices (seasonal day and night)
i -1 ?
e ORD: air pollutant controls from CoST-



Environmental Protection

Questions?

Loughlin.Dan@EPA.gov
(919) 541-3928




SEPA  Background: Air quality today

Environmental Protection
Agency

Counties Designated "Nonattainment”
for Clean Air Act's National Ambient Air Quality Standards (NAAQS) *

The Clean Air Act lays out
procedures for setting and
updating air quality standards.

Currently, approximately 140
million Americans live in
counties that violate one or
more of these standards.

09/30/2019

I County Designated Nonattainment for 6 NAAQS Pollutants
[ | County Designated Nonattainment for 5 NAAQS Pollutants
|| County Designated Nonattainment for 4 NAAQS Pollutants
| | County Designated Nonattainment for 3 NAAQS Pollutants
I County Designated Nonattainment for 2 NAAQS Pollutants
B County Designated Nonattainment for 1 NAAQS Pollutant




SEPA  Background: Air quality management

nnnnnnnnnnnnnnnnnnnn

e Long-term planning benefits from consideration of:
e Population growth and migration
e Economic growth and transformation

e Climate change impacts
e e.g., on water resources and space heating and cooling demands

e Technology stock and turnover

* Emerging technologies and fuels

e Changes in land use, urbanization, and mobility patterns
* Synergies and tradeoffs with energy and climate goals




nvironmental Protection

Background: Long-term air quality planning

Questions:
 What are the major challenges for air quality management into

t
o

ne future?
ow do existing regulations protect against these challenges?

o

ow do air quality management strategies affect GHG

mitigation goals?
* How do GHG mitigation strategies affect air quality goals?

 What are cost-effective strategies for achieving air quality and
GHG mitigation goals simultaneously?




SEPA  Problem: Climate change, cont’d

i
Environmental Protection
Agency

States that have GHG emission reduction targets

As of summer, 2019, 23 states
and the District of Columbia
have set greenhouse gas
emission reduction goals.

Examples:

e CA:80% below 1990 by 2050
e WA:50% below 1990 by 2050
e NY: 100% below 1990 by 2050
e PA:80% below 2005 by 2050

Source: https://www.c2es.org/



https://www.c2es.org/

SEPA  Background: Air quality management

nnnnnnnnnnnnnnnnnnnnnnn




Environmental Protection
Agency

SEPA Ajr quality management

 States are responsible for developing plans (SIPs) to bring
nonattainment areas into attainment

e Application of controls on new and existing sources in nonattainment areas

e Credit may be available for energy efficiency (EE), renewable energy (RE),
and other non-traditional measures

e Federal requirements are also in place
e New Source Review (NSR)
e Requires controls on new or modified sources

 New Source Performance Standards (NSPS)
* Applicable to technologies such as engines, boilers, woodstoves, etc.

e Cross-State Air Pollution Rule (CSAPR)

e Addresses pollution from upwind states

e Maximum Achievable Control Technology (MACT) requirement
___ * Reduces toxic emissions
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