&t SCOUL

U.S. DEPARTMENT OF ENERGY

How to use BTO Scout to communicate
the broader impacts of your work

Jared Langevin, Research Scientist, LBNL
BTO Awardee Kickoff Meeting, December 12th, 2017



Scout places emerging building technologies
Into a broader energy efficiency policy context

Scout helps answer the following questions:

1. What are the biggest opportunities for
U.S. building energy use and cost
reductions — now, in 10 years, in 20 years?

2. How might a efficiency measure (or
measures) impact “business-as-usual”
building energy use in the U.S.?

3. Does a measure (or measures) compare

favorably to and/or complement other

efficiency measures?




The starting point for Scout is baseline energy
use data aggregation across multiple sources

NEMS Residential
Tech. Characteristics
Data, Non-Lighting
rsmeqp.txt

NEMS Residential
Tech. Characteristics
Data, Lighting
rsmigt.txt

NEMS Residential
Stock/Energy Use
Data
RESDBOUT.txt

NEMS Commercial
Tech. Characteristics
Data
ktekx.xlsx

NEMS Commercial
Service Demand Data
KSDOUT.txt

NEMS Commercial
Energy Use Data
KDBOUT.txt

Performance
Standards, RSMeans
IECC, 90.1, ESTAR,
Building Construction

Data

‘ Y

Supplemental Tech.

Characteristics Data

cpl_envelope_mels.
json

Baseline Data
Preparation
com_mseg_tech.py

LBNL Thermal Loads
Studies
Huang, 1999

Residential Envelope
Load Fractions
Res_TLoads_Final.
txt

Commercial Envelope|
Load Fractions
Com_TLoads_Final.
txt

EIA RECS 2009,
CBECS 2003
Public Microdata

Commercial CDIV->

AlA CZ Conversion

Com_Cdiv_Czone

ConvertTable_Final.
txt

Residential CDIV->

AlA CZ Conversion

Res_Cdiv_Czone_

ConvertTable_Final.
Ixt

Y

com_mseg.py
mseg_tech.py
mseg.py

Baseline Stock/

Baseline Tech. Energy Data

Characteristics Data

cpl_res_com_cz.json X
json

mseg_res_com_cz.

To ECM data preparation



The starting point for Scout is baseline energy
aggregation across multiple sources

use data

NEMS Residential

Tech. Characteristics
Data, Non-Lighting
rsmeqp.xt

NEMS Residential
Tech. Characteristics
Data, Lighting
rsmigt.txt

NEMS Residential
Stock/Energy Use
Data
RESDBOUT.txt

NEMS Commercial
Tech. Characteristics
Data

NEMS Commercial
Service Demand Data
KSDOUT.txt

NEMS Commercial
Energy Use Data
KDBOUT.txt

ktekx.xlsx

1) !

Input data:

EIA NEMS
EIA RECS/CBECS

Performance standards, RSMeans
LBNL Load Component Studies

Performance
Standards, RSMeans
IECC, 90.1, ESTAR,
Building Construction
Data

Supplemental Tech.

Characteristics Data

cpl_envelope_mels.
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Load Fractions
Res_TLoads_Final.
txt

Commercial Envelope|
Load Fractions
Com_TLoads_Final.
txt

EIA RECS 2009,
CBECS 2003
Public Microdata

Commercial CDIV->
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To ECM data preparation
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* Performance standards, RSMeans

« LBNL Load Component Studies

com_mseg.py
mseg_tech.py
mseg.py

Baseline Stock/
Energy Data
mseg_res_com_cz.
Json

Baseline Tech.
Characteristics Data
cpl_res_com_cz.json

v

To ECM data preparation

Output data:

Baseline technology
characteristics

Baseline stock/energy use



Baseline energy use ‘'markets’ are defined by
climate, building type/vintage, fuel, and end use

* Energy Information Administration (EIA) Annual Energy Outlook (AEQO) baselines
represent “business-as-usual” energy use projections to 2050; updated annually

» Baselines split by climate, building type/vintage, fuel, end use, technology
* Energy use baselines can be translated to other variables (CO,, cost)

HVAC&R - All Buildings Lighting — All Buildings Water Heating — All Buildings
] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ]
16 AEO Baseline [~ 4.5 AEO Baseline [ 3.8 AEO Baseline [

15.5 - 3.7 4 L

3.5 Quads
3.6 -
o
3.5 -

15 -
2.9 Quads

14.1 Quads
14.5 - 'Y

o

14 - 3.4 -

Primary Energy Use (Quads)
Primary Energy Use (Quads)
. o |
|
[

Primary Energy Use (Quads)

13.5 ~ 2 ~ 3.3 -

13 B 1.5 B 3.2 B
| | | | | | | | | | | | | | | | | |

2015 2020 2025 2030 2035 2040 2015 2020 2025 2030 2035 2040 2015 2020 2025 2030 2035 2040

Year Year Year



Use the Scout Baseline Energy Calculator to
estimate baseline energy use/CO, emissions

What are the biggest opportunities for U.S. building energy use reductions?

4, Select end use(s) and technology type(s)

Heating
Envelope I ° I
Quads
All (Primary Energy)
Air Source Heat Pump
All

(Electric)

Electricity Air-Source Heat Pump 2 5 ! 5
(NG)
Mt

Natural Gas

9 Ci .
Distillate @ Boiler (Distillate)

- Boiler (NG) (CO, Emissions)



User-defined energy conservation measures
(ECMs) are applied to baseline markets

From baseline data preparation Social Cost of

Carbon Report

l : Table A1 :
Energy Conservation BLS_Consumer Baseline Tech. Bgi‘z'rne St;[zk/ , Heating and Cooling AEO Summary
Measure (ECM) Data Price Index ' Characteristics Data mse regsy com oz T > Energy Totals Tables
./ecm_definitions CPI-U-RS ! cpl_res_com_cz.json g json ’ E htcl_totals.json ! Tables A2, A3, A18 '
Y
Site-Source Convert
ECM Da}ta and Price Data
Preparation site_source_co2._
ecm_prep.py conversions.json

' Finalized ECM ECM
Attributes/ Competition Data :
' Uncompeted Results ./ecm_competition_
E ecm_prep.json data !

\4

To analysis engine To analysis engine



User-defined energy conservation measures

(ECMs) are applied to baseline markets
(- )

From baseline data preparation Social Cost of
Carbon Report
l Table A1
Energy Conservation BLS Consumer Baseline Tech. Baseline Stock/ ] Heating and Cooling AEO Summary
Measure (ECM) Data Price Index Characteristics Data Energy Data > Energy Totals Tables
.Jecm_definitions CPI-U-RS cpl_res_com_cz.json mseg_rjg;sgncom_cz. J htcl_totals.json Tables A2, A3, A18

Y
Site-Source Convert
L q ECM Data . and Price Data

Preparation site_source_co2_
ecm_prep.py conversions.json

Input data: S 2 \
« Scout ECM definitions " [ Finalized £CM = ’

Attributes/ Competition Data
e Scout baseline data ' | Uncompeted Results Jecm_competition_

ecm_prep.json data :
« BLS Consumer Price Index RS
« Site-source conversions, l

v

energy and CO, prices

To analysis engine To analysis engine



User-defined energy conservation measures
(ECMs) are applied to baseline markets

From baseline data preparation

l

Baseline Tech.
Characteristics Data
cpl_res_com_cz.json

Baseline Stock/
Energy Data
mseg_res_com_cz.
Json

Y

(- )

Social Cost of
Carbon Report
Table A1

Energy Conservation BLS_Consumer
Measure (ECM) Data Price Index
./ecm_definitions CPI-U-RS
~ >

—

P

Input data:

Scout ECM definitions
Scout baseline data
BLS Consumer Price Index

Site-source conversions,
energy and CO, prices

repa

Data

)

ration

AEO Summary
Tables
Tables A2, A3, A18

Heating and Cooling
Energy Totals
htel_totals.json

- /

Y

Site-Source Convert
and Price Data

ecm_prep.py

N

Y

= )

Finalized ECM
Attributes/
Uncompeted Results

ecm_prep.json

ECM
Competition Data
./ecm_competition_
data

|

To analysis engine

site_source_co2_
conversions.json

Output data:

* Final ECM attributes,
overall baseline/'efficient
energy use markets

 Detailed market data for
v competition

To analysis engine




Use the Add/Edit ECM form to create your own
Scout ECM definition, step-by-step

#® Add New ECM

eeeeeeeeeeeeeeeeee

) Service Replacement

7777777



ECM penetration into baseline markets is
determined by technology stocks-and-flows

Two ECM adoption cases are
assumed:

 Technical Potential (TP) case

« ECMs compete for and capture
total market in market entry year,
as well as all new additions to
market in subsequentyears

Retrofit Rate

Initial Installed Base




ECM penetration into baseline markets is
determined by technology stocks-and-flows

Two ECM adoption cases are
assumed:

 Technical Potential (TP) case

« ECMs compete for and capture

total market in market entry year,
as well as all new additions to

market in subsequentyears

« Max Adoption Potential (MAP) case

« ECMs compete for and capture
new, replacement, and retrofit
fractions of total market annually

New Construction

Additions

Initial Installed Base

Tech. Potential
EE Stock

EE Technology EE Technology
Additions . Retirements and
Retrofits

EE Lifetime

N

AN
MAP EE Technology

MAP EE
Technology Retirements and
Additions Retrofits

Baseline Lifetime

Max Adoption
Baseline Stock

Z\
MAP Baseline
Retirements and
Retrofits

Initial Max Adoption
Baseline Stock

‘ Retrofit Rate



Use Scout ECM Summaries to estimate
individual ECM impacts on baseline markets

How might an efficiency measure of interest impact baseline building
energy use in the U.S.?

v Prospective AFDD + Submetering

Energy Performance

@ Baseline Case

3.8

)

25% relative savings e Efficient (Max Adoption Potential)
(constant) 36 e Efficient (Technical Potential Adoption)
© Energy 34
(Quads)
@ Installed Cost 32
- 3
0.16 2017S/ftA2 floor ) co,
(Mt) 2.8
®) Lifetime 26 el 2 48 Quads
U\~
) Cost 2.4 L
15 years i
(Billion $) 29

MRy e 2015 2020 2025 2030 2035 2040 2045 2050

®

2020 Year



Active/Inactive
ECM List
run_setup.json

From ECM data preparation

_______________________________________________

Finalized ECM ECM

Attributes/ Competition Data
Uncompeted Results ./ecm_competition_
ecm_prep.json data

ECM Savings
Calculations and

Multiple ECMs are assembled into a portfolio
and competed based on cost effectiveness

From ECM data preparation

|

Heating and Cooling
Energy Totals
htcl_totals.json

Competition
run.py

_______________________________________________

Competed Results
(across all ECMs)
agg._results.json

Competed Results
(individual ECMs)
ecm_results.json




Multiple ECMs are assembled into a portfolio
and competed based on cost effectiveness

From ECM data preparation From ECM data preparation
. . : Finalized ECM ECM 5 . .
Active/Inactive : Attributes/ Competition Data . Heating and Cooling
ECM List - U d Resul p titi . Energy Totals
run_setup.json ncompete esu ts ~/ecim_competition_ : htcl_totals.json
ecm_prep.json data -

ECM Savings
Calculations and
Competition
run.py

Input data:
» List of active ECMs to run
« ECM market/competition data

_______________________________________________

 Data needed to Spllt Savings Competed Results Competed Results
. . E (across all ECMs) (individual ECMs)
between heating/cooling i | agg._resuits,json ecm_results.json

equipment/envelope



Multiple ECMs are assembled into a portfolio
and competed based on cost effectiveness

Active/Inactive
ECM List
run_setup.json

From ECM data preparation

_______________________________________________

Finalized ECM
Attributes/
Uncompeted Results
ecm_prep.json

ECM
Competition Data
Jecm_competition_
data

Input data:

List of active ECMs to run
ECM market/competition data
Data needed to split savings

between heating/cooling
equipment/envelope

_______________________________________________

ECM Savings
Calculations and
Competition
run.py

From ECM data preparation

|

Heating and Cooling
Energy Totals
htcl_totals.json

J

Competed Results
(across all ECMs)
agg._results.json

Competed Results
(individual ECMs)
ecm_results.json

Output data:

« Competed energy, CO,,
operating cost, and cost
effectiveness results
(individual ECMs and
across ECM portfolio)



ECM baseline markets are scaled down to
reflect competition with overlapping ECMs

Tech. Potential

EE Technology EE Stock EE Technology
Additions . Retirements and
Retrofits

New Construction
Additions

EE Lifetime

N

Initial Installed Base Max Adoption Retrofit Rate
EE Stock
MAPEE MAP EE Technology
Technology Retirements and
Additions Retrofits

Baseline Lifetime

Max Adoption
Baseline Stock

MAP Baseline

\ Retirements and
Retrofits

Initial Max Adoption
Baseline Stock



ECM baseline markets are scaled down to
reflect competition with overlapping ECMs

Tech. Potential

—— Tech. Potential Z EE Stock
Z\
EE Technology EE Stock EE Technology (Competed)
Additions . Retirements and
Retrofits % Overlap with
other ECMs
Competition
New Construction EE Lifetime Adjustment
Additions Fraction
\ Competed
Market Share

Max Adopt EE

Initial Installed Base Max Adoption < Retrofit Rate Adop
EE Stock AN
MAP EE MAP EE Technology (Competed)

Retirements and
Retrofits

Technology
Additions

Baseline Lifetime

Max Adoption
Baseline Stock

MAP Baseline

\ Retirements and
Retrofits

Initial Max Adoption
Baseline Stock



ECM baseline markets are scaled down to
reflect competition with overlapping ECMs

Scout uses NEMS technology
choice models to represent

Tech. Potential

ECM competed market shares: Tech. Potential EE Stock
EE Technology EE Stock EE Technology (Competed)
Additions . Retirements and
. . R R Retrofits o .
 Residential (log-linear regression, T AV
ECIS B_ZO, B_21 ): ] Cor.npetition
New Construction EE Lifetime Adjustment
Additions Fraction
\ i [\ Competed ]
Market Share
Market Share =
. . ax Ado
f(Capital Cost, Operating Cost) il Installed Base Max Adoption RewofitRate | M GCREE
MAP EE EE Stock MAP EE Technology (Competed)
. Techr_lqlogy \ Retirements and
 Commercial (cost model, Additions Retrofts

Table E-1):

Baseline Lifetime

Max Adoption
Baseline Stock

Ma"l”ket ShaT'e — \ MAP Baseline

f(Life Cycle Cost,Time Preference s
Premium)

Initial Max Adoption
Baseline Stock



Use Scout Analysis Results bar graphs to
compare individual ECM savings impacts

HOW does a measure @®HVAC @Envelope  Lighting © Water Heating @ Refrigeration @ Other
of interest compare to
and/or complement et T GgRRSS Resdenti €02 HPWH
other measures? e —

Top 10 ECMs by Avoided Energy Use

1
; Prqspective Commercial NVC Refrigerator

I n t h iS exa m p I e : § S i (Pvr(?‘sp’e‘ctive Commercial SSL-Cool White

- Total 2030 energy SaVingS of I \ i?}rg}s‘ggctive Residential NCO2 HPWH
an ECM pOI’thlIO are 20 Quads \\\\ —é FNFBQYSTARGasFurnacev.4.0
attributed to individual ECMs

" commercial i cc c. 205
- High impact ECMs come G
from a variety of end uses,
with two of the top five \ .
ECMs affecting water heating = e iR

N b

, Prospective Residential NVC Refrigerator
0.4 Quads

! Prqspective Commercial Env Air SS



Use Scout Analysis Results scatterplots to
compare individual ECM cost effectiveness

Multiple ®HVAC ®Envelope Lighting Water Heating @ Refrigeration ®Other

How does a measure
of interest compare to
and/or complement
other measures?

In this example:

- The cost effectiveness of
individual ECMs in 2030 is
compared under two
financial metrics

- Multiple controls ECMs look
favorable due to aggressive
one year payback targets

Payback +

254

20+

15

10

1104 it

PROSPECTIVE COMMERCIAL COMFORT CTL.

End Uses Heating (Equip.), Cooling
(Equip.). Ventilation, Lighting

Avoided Energy Use 0.1 Quads
Avoided CO, Emissions 4.7 Mt
IRR 92.33 %

1.1 years

0
-50%

25% 0% 25% 50% 75% 100% 125% 150%

IRR v



Use Scout Analysis Results radar graphs to
aggregate ECM savings impacts

Display Avoided Energy Use Heating (Equip.)

HOW does a measure ©Baseline Energy Use S Quads
of interest compare to pvided EnroyUse -

and/or complement
other measures?’

In this example:

- Total 2030 energy savings of

Refrigeration

an ECM portfolio are broken ) ENVELOPE
down by end use | el e s
v o Remaining Energy Use
- Envelope makes the largest s
. Avoided Energy Use
baseline energy market and 26 Quads

savings contribution,
followed by water heating
and heating

Water Heating Ventilation

Lighting



How to get started using Scout

 Visit the Quick Start Guide’

* Walks you through running a Scout analysis from start to finish
* Pertains to the command—Iline—only version of Scout (published June 2017)

* Access the web Ul prototype by e-mailing me (jared.langevin@|bl.gov)
» Currently functional but being transitioned to a permanent hosting location
» Comes with a supporting set of documentation

* Follow Scout development on GitHub

« Access the raw code?
« Use the Issues functionality® to flag problems with the code or ask questions

1 http://scout-bto.readthedocs.io/en/latest/quick start guide.html
2 https://qgithub.com/trynthink/scout
3 https://github.com/trynthink/scout/issues/new




