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About REMI

REMI’s 38-year history of rigorous academic research and software

development has led to the development of the the industry standard in
macroeconomic research methodology:

Input-Output General Equilibrium
Close analysis of Estimate of long-run stability of
inter-industry the economy allows for - _
relationships analysis of policy decisions ! Integrated REMI I
| economic modelling | /
Econometrics Economic Geography I approach : e
Advanced statistical analyses Effects of geographic & T T _
underpinning the model concentration of labor and —
industry ———
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Prior Relevant Analyses
]

REMI is the industry leader for regional macroeconomic and
demographic analyses of energy and environmental issues.

Wyoming:

Impacts of the
ZEPHYR power
transmission line

New Hampshire:
Merrimack Valley
energy reliability
project

California:
e NYC:
standards Energy Efficiency
; Programs
sk HaW:’ analysis
(NYSERDA)
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Energy, Environment & Economic
Linkages

Economy

What are the economic impacts of
changing energy prices?

How will an energy infrastructure
project impact the local economy?

what does REMI say? ™

Energy Environment

What are the long-term
employment impacts of
environmental regulations?

What are the direct economic
(e.g. healthcare costs)
implications of environmental
conditions?

-

How do these environmental changes rebound and impact the economy
(e.g. changing amenity values in a region)?

How do energy choices impact the environment?




Dynamic Modeling
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Model Linkages

| (1) Output and Demand d
I Intermediate

Commodity Access L= Intermediate Iny
Index i Inputs
i C v
State and Local :
Government Spending Output - Consumption
i 4
Investment Exports Real Disposable Income
(3) Population and (2) Labor and (5) Market Shares
Labor Supply Capital Demand
— - Optimal Capital - -
—+ Migraton > Popuiation 1 P e~ Employment | |
I \V—l /I\ | Domestic International
Participation |, s Labor Access | [ kor Market Share Market Share
Rate Index E Productivity
| 7
(4) Compensation,| Prices, and Costs

Empl t : > i i

C;T;}F:):ij?:rtr;l —— Compensation Rate ComposrteR(;?gw -l Production Costs

Housing Price —= Consumer Prices Reall Composite Prices

Compensation Rate
1
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New Aspects Unique with E3+
]

Specific analysis of Energy and Environment related
policies including:
1. Translator variables for electrical, solar, wind, and
nuclear power plant construction and operations and
maintenance

2. Energy Consumption and Carbon Dioxide Emissions
Module

3. Resilience Module
4. Carbon Tax scenario

5. Social cost policy variable associated with five types of
emissions

6. Allows for integration with third-party energy models
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Translators in the E3+ Model

0 The model can distribute spending on
construction and operations and

maintenance of a electrical power plant
across 160 industries

O Based on studies and data from several
sources, including:

O National Renewable Energy Laboratory

O Energy Information Administration

Accounts for:

Nuclear, Solar, Natural Gas, Coal, and
Wind Energy
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REMI E3+ Emissions Module

0 Dynamic Carbon Footprint

01 Forecast results include Energy Consumption and Carbon Dioxide
Emissions

0 Uses EIA data to generate parameters that are applied to
economic impact results
1. Btus consumed by sector and source
2. CO2 emissions by sector and source

3. Residential, Industrial, Commercial,
and Transportation sectors
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Resiliency Module in the E3+ Model

. E3+ can now produce an automatic calculation
discussing resiliency through a forecast's

“Resiliency Report”
 This compares a no-action baseline disaster scenario to
an a resilience investment scenario

[ The model produces a Resilience Loss Reduction
Potential figure:

Avoided Losses
RLRP =

Maximum Potential Losses

what does REMI say? s™



Dynamic Carbon Footprint-

A A HxBothetical E3+ ABBlication

New Renewable Energy Developments with Retirement of Coal Plant & Direct Energy Cost Changes

W

Model Responses

Relative Output =

Change in output of supply chain and other industries Business & consumer responses to change in energy prices [
” Relative Employment |
Change in employment, different industry impacts Change in employment from consumer spending responses
| Dynamic Carbon Footprint |
Increase in carbon emissions for travel in service industries Decrease carbon emissions in manufacturing industries
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Model Demonstration
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New Simulations and Controls

REMI E3

Minnesota Counties 6 Region 160 Sectors e History 2001 - 2017 » Forecast 2018 - 2060

54

Ili View Foregasts Regional Profile

Tools &
Settings New Regional Simulation

™

% Model Details _ i .
New National Simulation

Aps R

New Regional Control New National Control

all il

Regional Forecast National Forec
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Select Inputs Inputs List Forecast Options

<o v ostart

Featured Variables Topics & Scenarios

Favorites Full List Industries

W

Model Linkages

Display a block diagram of the model
cture. Clicking on an area of the digram
ow the policy variables related to that

Model Blocks
)
i

Population and Laber Supply

Social Costs Carbon Tax
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Energy Prices and Demand

Select Inputs Inputs List r Options

<::I » Start » Energy Prices and Demand

Energy Prices and Demand

Fuel Demand
Electricity

Production Cost
NaturalGas
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Power Plant Construction

Select Inputs Inputs List Forecast Options

(}:l » Start » Power Plant Construction

Power Plant Construction

-

Natural Gas-Fired Plant Construction

T
£

ar Plant Construction Custom Power Plant Construction

Solar Farm Construction
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Operation and Maintenance

Select Inputs Inputs List Forecast Options

<::I » Start » Power Plant Operation & Maintenance

Power Plant Operation & Maintenance

/4

i

Custom Power

Solar Farm O&M
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Import

Select Inputs Inputs List Results
Print
Policy Variable Inputs
Active | Edit | Group
Residental Heating Switch from Electric to Gas
ac | vie | categary Detail Region [ units 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028
@ Consumer Spending Electridity Washington County Nominal $ (M) 1] -40 -40 -40 -40 -40 -40 -40 -40 -
@ Consumer Spending Natural gas Washington County Nominal § (M) a 10 10 10 10 10 10 10 104
[Q,] consumer spending Details (73) \Washington County Nominal § (M) 0 30 30 30 30 30 30 30 30)
U]
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Energy Consumption Tab

Select Inputs

Inputs List

Results

Search Result Tables @
o
Energy Summary | Region ‘ Category ‘ Comparison Type | Forecast | Comparison Forecast
Washingtan County Energy Consumption % Change Heating Switch Electric to Natural Gas Standard Regional Control
Detals | FuedType | Units | 2058 | 208 [ 2020 [ 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030 | 2031 | 2032 |
Total Percent 0.000% 0.000% -0.863% -0.561% -0.492% -0.447% 0.414% -0.390% -0.388% -0.385% -0.388% -0.39%6% -0.399% -0.401% -0.403%
™ Petroleum  |Percent 0.000%  0.000% +0.258% +0.245% +0.234% +0.224% +0.215% +0.206% +0.198% +0.191% +0.183% +0.176% +0.169% +0.163% -+0.157%
7Re5idenﬁa\ Matural Gas |Percent 0.000%  0.000% +11.302% +11.148% +10.957% +10.740% +10.492% +10.227% +9.966% +9.706% +9.446% +9.206% +8.972% +8.740% +8.521%
M Coal Percent N/A N/A N/A N/A N/A /A N/A N/A N/A N/A N/A N/A N/A N/A NfA
lg Electricity  [Percent 0.000%  0.000% -19.432% -18.902% -18.359% -17.816% -17.2668% -16.732% -16.247% -15771% -15.303% -14.864% -14.431% -14.028% -13.636%
L] Total Percent 0.000%  0.000% -0.021% -0.067% -0.081% -0.079% -0.070% -0.039% -0.047% -0.037% -0.027% -0.019% -0.013% -0.008% -0.004% g
[ Petroleum  |Percent 0.000%  0.000% -0.196% -0.291% -0.314% -0.303% -0.277% -0.246% -0.215% -0.186% -0.161% -0.139% -0.121% -0.105% -0.091% -0.
| |commercial  Matural Gas [percent 0.000% 0.000% -0.129% -0.200% -0.219% -0.213% -0.195% -0.173% -0.151% -0.131% -0.113% -0.097% -0.084% -0.073% -0.063% -0.I
m Coal Percent 0.000% 0.000% +0.064% +0.051% +0.044% +0.041% +0.039% +0.038% +0.037% +0.036% +40.035% +0.034% +0.033% +0.032% +0.031% +0.
: Electrity  |Percent 0.000% 0.000% +0.089% +0.071% +0.062% +0.059% +0.058% +0.057% +0.057% +0.057% +0.057% +0.056% +0.055% +0.054% +0.053% +0.I
Total Percent 0.000%  0.000% +0.006% +0.001% -0.001% -0.001% -0.001% +0.000% +0.001% +0.001% +0.002% +0.002% +0.002% +0.002% +0.002% +0./
L] Petroleum  |Percent 0.000%  0.000% +0.005% +0.000% -0.002% -0.002% -0.001%  0.000% +0.000% +0.001% +0.001% +0.002% +0.002% +0.002% +0.002% +0.1
[ |ndustrial Natural Gas |Percent 0.000% 0.000% +0.005% +0.001% +0.000% +0.000% +0.000% +0.001% +0.002% +0.002% +0.003% +0.003% +0.003% +0.003% +0.003% +0.I
L] Coal Percent 0.000%  0.000% +0.003% -0.003% -0.005% -0.005% -0.004% -0.003% -0.001%  0.000% +0.000% +0.001% +0.001% +0.002% +0.002% +0.
L] Electridty  |Percent 0.000%  0.000% +0.008% +0.003% +0.000% +0.000% +0.001% +0.002% +0.003% +0.003% +0.004% +0.004% +0.004% +0.004% +0.004% +0./
[l Total Percent 0.000%  0.000% +0.235% +0.221% +0.210% +0.200% +0.191% +0.183% +0.176% +0.169% +0.162% +0.156% +0.150% +0.144% +0.139% +0.
m Petroleum  |Percent 0.000% 0.000% +0.237% +0.223% +0.212% +0.202% +0.193% +0.184% +0.177% +0.171% +0.164% +0.158% +0.152% +0.146% +0.141% +0.
_Transpoﬁahun Natural Gas |Percent 0.000%  0.000% -0.003% -0.012% -0.015% -0.014% -0.012% -0.009% -0.006% -0.006% -0.005% -0.006% -0.007% -0.009% -0.011% -0.
il Coal Percent NjA /A NfA /A NfA A NfA A NjA A NjA NjA NjA NjA NjA
L] Electricty  |Percent 0.000%  0.000% +0.003% -0.007% -0.010% -0.010% -0.009% -0.008% -0.007% -0.006% -0.005% -0.004% -0.004% -0.004% -0.004% -0.
[ Total Percent 0.000% 0.000%  -0.054% -0.040% -0.029% -0.023% -0.019% -0.017% -0.020% -0.023% -0.028% -0.034% -0.033% -0.002% -0.046% -0.
™ Petroleum  |Percent 0.000%  0.000% +0.198% +0.184% +0.173% +0.164% +0.156% +0.150% +0.144% +0.138% +0.133% +0.127% +0.122% +0.117% +1.113% +0.
L] Total Matural Gas |Percent 0.000%  0.000% +8.412% +8.290% +8.063% +7.872% +7.665% +7.450% +7.236% +7.038% +6.841% +0.663% +6.490% +6.322% +6.162% +6.
[l Coal Percent 0.000%  0.000% +0.005% -0.001% -0.003% -0.003% -0.002% -0.001% 0.000% +0.001% +0.001% +0.002% +0.002% +0.003% +0.003% +0.I
: Electricity  [Percent 0.000%  0.000% -11.783% -11.386% -1.010% -10.549% -10.287% -9.935% -9.634% -9.341% -9.057% -8.793% -8.551% -8.311% -8.084% -7.I
7 v
|a| Snapshats
@ &
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Carbon Emissions

Select Inputs Inputs List t ion: Results

Search Result Tables El

Carbon Emissions Bk Rates | ke mB w8 wm
Tou con | omn ooww s
Pevsen peren oo ooon s
Energy Summary [Region [ category [ Comparison Type | Forecast [ Comparison Forecast Rt WdG.Em oo oo +11.30m%
Washington County [¥] Carbon Dioxide Emissions [+] % Change Heating Switch Electric to Natural Gas[7) Standard Regional Control e s o
o e e
Detwls | FuelType | unts [ 2018 | 2019 [ ma | a1 | 22 [ 2023 | 224 [ wes | 2026 | 2027 [ 20 | 202 [ ws0 [ 2031 | wm [ Pevcen fpucet | 0200 0o 4.150%
Total Percent  0.000%  0.000% 6.018% 6.429% 6.152% 5.910% 5607% 5.505% 5.316% 5.116% 4.941% 4.826% 4.685% 4.510% 4.335% 4 £ ::..MQE: G e s
L] petoleum  |Percent 0.000% 0.000% +0.259% +0.245% +0.234% +0.224% +0.215% +0.206% +0.198% +0.191% +0.183% +0.176% +0.169% +0.163% +0.157% +0. R et )
| [Residentsl  MatwalGas [Percent  0.000%  0.000% +11302% +11.148% +10.957% +10.740% +10.492% +10.227% +9.965% +8.706% +8.448% +9.206% +8.972% +8.740% +8.521% 48, Y A
|| Coal Percent NJA NfA N/A NfA N[A NfA NJA /A N/A NfA NfA /A NjA N/A NfA
m Electicty [Percent  0.000%  0.000% -19.432% -18.902% -18.353% -17.816% -17.268% -16.732% -16.247% -15.771% -15.303% -14.864% -14.431% -14028% -13.6%% -13.
Total Percant  0.000%  0.000% +0.024% 0.014% 0.026% -0.027% -0.022% -0.015% -0.008% -0.002% +0.004% +0.009% +0.012% +0.015% +0.016% +0. orak e | unm e am
L] Petroleum |Percent  0.000%  0.000% 0.196% -0.291% 0.314% 0.303% 0.277% 0.246% 0.215% -0.186% 0.151% -0.139% 0.121% 0.105% 0.091% 0. e [l o,
| [Commercial  Natural Gas [Percent 0.000% 0.000% -0.129% -0.200% 0.219% -0.213% -0.195% 0.173% 0.151% -0.131% 0.113% -0.097% 0.089% -0.073% 0.063% -0 e i — oo — e
Codl Percent  0.000%  0.000% +0.064% 10.051% +0.044% +0.041% +0.039% +0.038% +0.037% +0.036% +0.035% +0.034% +0.033% +0.032% +0.031% +0. B e ™
[ Electricty |Percent  0.000%  0.000% +0.083% +0.071% +0.062% +0.053% +0.058% +0.057% +0.057% +0.057% +0.057% +0.056% +0.055% +0.054% +0.053% 0. e o
: Total Percent 0.000%  0.000% +0.006% +0.001% -0.001% -0.001%  0.000% +0.000% +0.001% +0.002% +0.002% +0.003% +0.003% +0.003% +0.003% +0. foc ol vl ol S R
L Petroleum  [Percent  0.000%  0.000% +0.005% +0.000% -0.002% -0.002% -0.001%  0.000% +0.000% +0.001% +0.001% +0.002% +0.002% +0.002% +0.002% 0. Becvy padonresers o0 o
Industrial Natwal Gas [Percent  0.000%  0.000% +0.005% +0.001% +0.000% +0.000% +0.000% +0.001% +0.002% +0.002% +0.003% +0.003% +0.003% +0.003% +0.003% 0.
L] Coal Percent  0.000%  0.000% +0.003% 0.003% 0.005% 0.005% 0.004% 0.003% 0.001%  0.000% +0.000% +0.001% +0.001% +0.002% +0.002% 0. Carbon Dioxide Emissions
L Electriaty |Percent  0.000%  0.000% 40.008% 40.003% +0.000% +0.000% 40.001% 40.002% +0.003% +0.003% +0.004% +0.004% 40.004% +0.004% +0.004% 0.
L Total Percent  0.000%  0.000% 40.235% 10.221% 40.210% +0.200% 40.191% 40.183% 40.176% +0.169% 40.152% 10.156% 40.150% 40.1%4% 40.139% 40,
Petroleum |Percent  0.000%  0.000% 40.237% +0.223% +0.212% +0.202% +0.193% +40.184% +0.177% +0.171% +0.164% +0.158% +0.152% +0.146% +0.141% 0.
| [ansportation MaturalGas [Percent  0.000%  0.000% -0.003% 0.012% -0.015% -0.014% -0.012% -0.009% -0.006% -0.006% -0.005% -0.006% -0.007% -0.009% -0.011% -0.
| Coal Percant NfA NfA NfA NfA NfA NfA NfA NfA N/A NfA NfA NfA /A N/A NfA
L Electridty |Percent  0.000%  0.000% 40.003% 0.007% -0.010% 0.010% 0.009% 0.008% 0.007% 0.006% 0.005% 0.004% 0.004% 0.004% 0.004% 04
L Total Percent  0.000%  0.000% -1.936% -1.789% -1711% 1650% 1598% 1551% -L501% -1.451% 1407% 1.386% -1.356% 1.310% -1.263% 1
L Petroleum  [Percent  0.000%  0.000% 40.214% 40.199% 40.188% 40.179% 40.171% 40.164% 40.158% 40.152% 40.146% 40.140% 40.135% 40.130% +40.125% 40,
| |Total Natural Gas [Percent  0.000%  0.000% +8.453% +8.273% +8.102% +7.909% +7.702% +7.486% +7.271% +7.072% +6.873% +6.694% 46.520% +46.351% +6.190% 46
Coal Percent  0.000%  0.000% +0.005% -0.001% -0.003% -0.003% -0.002% -0.001%  0.000% +0.001% +0.001% +0.002% +0.002% +0.003% +0.003% +0.
0 Electricty |Percent  0.000%  0.000% -11.783% -11.385% -11010% -10643% -10.287% -9.935% -9.534% -9.341% -5.057% -8.793% -8.551% 8.311% -8.084% 74
2 e
]
|a| Snapshots
& Analye

fifi Detailed Demographic
¢ Favorites

[ Menu Settings 5% J

what does REMI say? ™

<] [




Economic Summary

Select Inputs Inputs List r Opti Results

1
ummal el
Ly koo Lotn) |[
[inchacasis (Jobs) |
Economic Summary ‘ Region ‘ Comparison Type | Forecast | Comparison Forecast indvdn |
R |
Overview Washington County Differences Heating Switch Electric to Natural Gas Standard Regional Control v I
Employment Category Units | 2018 | 2019 ‘ 2020 | s f urret Octrs I
|t o Cvers otars
Gross Domestic Product | |Total Employment Individuals (Jobs) 0.000 0.000 +28.518 o f urvent ks |
e | |Private Mon-Farm Employment Individuals (Jobs) 0.000 0.000 +31.065 = |
. _Reydence Adjusted Employment Individuals 0.000 0.000 +18.995 P
Protkie syl Jou). it | |Population Individuals 0.000 0.000  +0.846 o
Demographic | |Labor Force Individuals 0.000 0.000  +0.858 -10.387  -12.428  -13.263 -13.312 -12.760 -11.849  -10.768
| |Gross Domestic Product Millions of Current Dollars 0,000 0.000 -10,206 -12486 -13.541 -13.836 -13.735 -13.436 -13.057 -12.640 -12.248 -11.500 Regen Categary u
| |Output Millions of Current Dollars 0.000 0.000 -12.696 -16.546 -18.288 -18.731 -18.497 -17.925 -17.218 -16.476 -15.788  -15.185
| |value-Added Milions of Current Dollars 0.000 0.000 -10.206 -12.488 -13.541 -13.836 -13.735 -13.438 -13.057 -12.690 -12.248  -11.500 e R
| |Persanal Income Millions of Current Dollars 0,000 0,000 -1.866 -3.057 -3.647 -3.906 -3.996 -3.989 -3.922 -3.818 -3.720 -3.625 Later Fuce e
|_|Disposable Personal Income Millons of Current Dollars 0.000 0.000 1588 2604 3.0  -3.330  -3.407 3401 3313 3199  3.120  -3.040 @ A ]
|_|Real Disposable Personal Income Milions of Fixed (2012) Dollars 0.000 0.000  -1427  -2133  -2.397  -2.466  -2.453 2,387 -2.295 2182 -2.099 -2.017 e et
| |Real Disposable Personal Income per Caf [Thousands of Fixed (2012) Dollars 0.000 0.000  -0.006 0.007  -0.008 -0.005  -0.004  -0.004  -0.003 0.003  -0.002  -0.002 Oemsasbi Persoral rcame Mbors o Curer
PCE-Price Index 2012=100 (Nation) 0.000 0.000  +0.000 0.001  0.002 -0.002  -0.002 -0.002 -0.002  -0.002  -0.002  -0.002
— Summary-All Regions
Employment and Population
? Ene
o rgy
o] Snapshots
& sy ]
4| Detailed Economic GDP and Output
fii Detailed Demographic
S Favories
[<] 1l
Menu Settings
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Employment by Industry

Select Inputs Inputs List recast Options Results

e —~—Th
Search Result Shnw.rH;deMastersaiectmnspanelh—er@ Aggregation  Region [ offf wits [] offf ComparisonType [__] off Precsion

| Selection  [None [+] [washington County | [ Select Units H vH
PRI, [ Simulation Summary H Ranked ” Employment " Gross Domestic Product " Population ” Income " Output ‘

Determinative Graphs

Model Linkages Employment

Employment by Region

Explore Connections

‘ Region | Category | Comparison Type ‘ Forecast | Comparison Forecast | I
‘Washington County Employment Differences Heating Switch Electric to Matural Gas Standard Regional Control i
1

50 | ||"I
45 -

M

40

35 =
Employment by Region

30

25

20 =
i5
10

9 —————— Total Employment

Individuals (Jobs)

Enezay [ | Il.||||"|"||||II|||-....

-35 Total Employment by Year

- = s 2018 2020 2022 2024 2026 2028 2030 2032 2034 2036 2038 2040 2042 2044 2046 2048 2050 2052 2054 2056 2058 2060
WI Betasied Demomrapt s Finance, Insurance & Real Estate

[¥— All Industries ¥ — Natural Resources [¥ — construction W =— Manufacturing ¥ =— Retail and Wholesale
Eé Favorites ¥ — Transportation and Public Utilities == Finance, Insurance & Real Estate @ Services W — Government ¥ — Farm
[ Menu Settings 55 J
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GDP by Components
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Output by Industry
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Average Annual Wage Rate

Inputs List

E
1 Results

Search Result Tables QE

@ 4 Employment  Exports to Multiregions Employment  Exports to Rest of Nation Employment | Exports to Rest of World Employment P

Demographics
Economics
Average Annual Wage Rate
[Region [ category [ comparison Type [ Forecast |
Washington County Average Annual Wage Rate Levels Heating Switch Electric to Natural Gas
Industries Urits [ 2018 | 2019 | 200 | 2021 | 2022 | 2023 [ 2024 | 2025 | 2026 | =027 | 2038 | 202 | 203 |
Utilities Millions of Current Dollars 0.089 0102 0106 0110 0115 0119 0123 0127 0131 0136 0140 0145  0.149
|| Electric power generation, transmissiol |Milions of Current Dollars 0.101 0.104 0.108 0.112 0.117 0.121 0.125 0.130 0.134 0.139 0.143 0.148 0.152
| | Matural gas distribution willions of Current Dollars 0.104 0.108 0.113 0.118 0.125 0.130 0.136 0.142 0.148 0.154 0.161 0.167 0.174
|_|Construction Millions of Current Dollars 0.041  0.043 0044 0.046 0048 0.050 0052 0.054 0056 0.058 0060 0.062  0.064
| |Retail trade Hillions of Current Dollars 0.023 0023 0025 0.026 0.027 0.028 0.030 0.031 0.032  0.034 0035 0037  0.038
| [Transportation and warehousing | Millions of Current Dollars 0.028  0.029 0031 0032 0033 0035 0036 0037 0039 0.040 0041 0043 0044
|_[Real estate and rental and leasing | Millions of Current Dollars 0.005  0.006 0006 0.006 0006 0.006 0007 0007 0.007 0.007 0.008 0.008  0.008
|| Realestate Millions of Current Dollars 0.005 0.005 0.005 0.005 0.006 0.006 0.006 0.006 0.006 0.007 0.007 0.007 0.007
| |state and Local Government Millions of Current Dollars 0.050  0.052 0053 0.054 0055 0057 0058 0060 0.061 0.063 0064 0.066  0.068
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