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By 2045, rooftop solar would be an economic choice

for nearly all households and businesses

Para 2045, solar en el techo seria una opcion economica para casi todos los hogares y negocios

Adoption would occur on 22%—38%
of all existing single-family homes,
up from 6% in 2020

o/ __ 0,
Adopcion ocurriera en 22%—-38% de todas los hogares 2020 2045 2uzu e
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Reliéblé, 100% reneble energy is

achievable through multiple
pathways.

100% energia renovable fiable es alcanzable por una variedad de
caminos.
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In all scenarios, wind

and solar meet 69%—
7% of future

electricity demand.

En todas las situaciones hipotéticas, viento y
solar cumplen con 69%—-87% de la demanda
eléctrica futura.




The pathways diverge going
from 90% to 100% renewables.

Los caminos cambian al ir de 90/ a 100/ energia renovab/e

M w0  ieers 2 SR . Bl s e S

Th|s last 10% iS what is needed for
reliability during periods of very low
wind and solar, extremely high
demand, and unplanned events like
transmission outages.

Este ultimo 10% es lo que se necesita para fiabilidad durante
periodos de muy poco viento y sol, demanda muy alta, y
eventos no planeados como apagones de transmision.
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Technology restrictions
result in higher costs for
meeting the last 10%—20%
of energy demand—but
almost no additional
regional air quality or
health benefits.

Restricciones en tecnologia resultan en costos mas altos
cuando se trata de cumplir con el 10%-20% de demanda de
= energia — pero poco beneficio adicional para la calidad del
aire o la salud en la region.
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Accelerating the target date to ‘

2035 increases both the costs
and benefits of the transition.

Acelerar la meta a 2035 aumenta ambos los costos y los beneficios de la
transicion.
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LA can get started now, with many
options that achieve significant emissions

reduction (76%—99%) by 2030. 5
B




Across All Scenarios
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Early & No Biofuels Scenario—High Electrification: 2020

Customer Renewable Storage
Rooftop Solar Energy (including coupled
Solar en Techos de Clientes (utili le) with solar)
utl 'ty scale Almacenamiento
340 MW Energia Renovable 1,300 MW

(nivel de empresa publica)

Solar + Bateria Solar + Battery: 90 MW

Solar Solar: 1,200 MW
Viento Wind: 1,000 MW
Geothermal Geothermal: 230 MW

30.0

25.0

20.0+
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&
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0.0

Clean Energy Generation: 45% Generacion de Energia Limpia

Capacity Mix
Mescla de Capacidad

2020 025 2030 2035 2040 2045

Year

. Demand Response
. NG-Combustion Turbine
Il NG-Steam/Combined Cycle
[ H2-Combustion Turbine
[ RE-Combustion Turbine
. Fossil CoGen
B cCoal
. Geothermal
B Hydro
B Concentrating Solar Power
[ Customer Storage
[ uitility Battery Storage
. Pumped Hydro Storage
[ Utility PV + Battery

Utility PV

Customer PV
B wind

B Nuclear

— Peak Demand
- Peak Demand + Charging
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Early & No Biofuels Scenario—High Electrification: 2020

Customer Renewable Storage
Rooftop Solar Energy (including coupled
Solar en Techos de Clientes (utili le) with solar)
utl 'ty scale Almacenamiento
340 MW Energia Renovable 1,300 MW

(nivel de empresa publica)

Solar + Bateria Solar + Battery: 90 MW

Solar Solar: 1,200 MW
Viento Wind: 1,000 MW
Geothermal Geothermal: 230 MW

30.0

25.0

20.0+

Capacity (GW)
&
o

10.0

5.0

0.0

Clean Energy Generation: 45% Generacion de Energia Limpia

Capacity Mix
Mescla de Capacidad

2020 025 2030 2035 2040 2045

Year

. Demand Response
. NG-Combustion Turbine
Il NG-Steam/Combined Cycle
[ H2-Combustion Turbine
[ RE-Combustion Turbine
. Fossil CoGen
B cCoal
. Geothermal
B Hydro
B Concentrating Solar Power
[ Customer Storage
[ uitility Battery Storage
. Pumped Hydro Storage
[ Utility PV + Battery

Utility PV

Customer PV
B wind

B Nuclear

— Peak Demand
- Peak Demand + Charging
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Early & No Biofuels Scenario—High Electrification: 2020

Customer Renewable Storage
Rooftop Solar Energy (including coupled
Solar en Techos de Clientes (utili le) with solar)
; u ','thsca eb/ Almacenamiento
nergia Renovable
340 MW y 1,300 MW

(nivel de empresa publica)

Solar + Bateria Solar + Battery: 90 MW

Solar Solar: 1,200 MW
Viento Wind: 1,000 MW
Geothermal Geothermal: 230 MW

30.0

25.0

20.0+

Capacity (GW)
&
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10.0

5.0

0.0

Clean Energy Generation: 45% Generacion de Energia Limpia

Capacity Mix
Mescla de Capacidad

2020 |2025 2030 2035 2040 2045

Year

. Demand Response
. NG-Combustion Turbine
Il NG-Steam/Combined Cycle
[ H2-Combustion Turbine
[ RE-Combustion Turbine
. Fossil CoGen
B cCoal
. Geothermal
B Hydro
B Concentrating Solar Power
[ Customer Storage
[ uitility Battery Storage
. Pumped Hydro Storage
[ Utility PV + Battery

Utility PV

Customer PV
B wind

B Nuclear

— Peak Demand
- Peak Demand + Charging
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Early & No Biofuels Scenario—High Electrification: 2025

Customer Renewable Storage
Rooftop Solar Energy (including coupled

; - with solar)
Solar en Techos de Clientes (utlllty scale) Almacenamiento

690 MW (+350)

Energia Renovable
(nivel de empresa publica)

Solar + Bateria Solar + Battery: 2,300 MW (+2,200)

1,700 MW (+400)

Solar Solar: 1,600 MW (+400)
Viento Wind: 2,900 MW (+1,900)
Geothermal Geothermal: 690 MW (+460)

25.0

20.0+

Capacity (GW)
>
o

10.0

5.0

0.0

Clean Energy Generation: 90% Generacidn de Energia Limpia

Capacity Mix
Mescla de Capacidad

202 2025 030 2035 2040 2045
Year

. Demand Response
. NG-Combustion Turbine
Il NG-Steam/Combined Cycle
[ H2-Combustion Turbine
[ RE-Combustion Turbine
. Fossil CoGen
B cCoal
. Geothermal
B Hydro
B Concentrating Solar Power
[ Customer Storage
[ uitility Battery Storage
. Pumped Hydro Storage
[ Utility PV + Battery

Utility PV

Customer PV
B wind

B Nuclear

— Peak Demand
- Peak Demand + Charging
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Early & No Biofuels Scenario—High Electrification: 2025

Customer Renewable Storage
Rooftop Solar Energy (including coupled

; - with solar)
Solar en Techos de Clientes (utlllty scale) Almacenamiento

690 MW (+350)

Energia Renovable
(nivel de empresa publica)

Solar + Bateria Solar + Battery: 2,300 MW (+2,200)

1,700 MW (+400)

Solar Solar: 1,600 MW (+400)
Viento Wind: 2,900 MW (+1,900)
Geothermal Geothermal: 690 MW (+460)

25.0

20.0+

Capacity (GW)
>
o

10.0

5.0

0.0

Clean Energy Generation: 90% Generacidn de Energia Limpia

Capacity Mix
Mescla de Capacidad

202 2025 030 2035 2040 2045
Year

. Demand Response
. NG-Combustion Turbine
Il NG-Steam/Combined Cycle
[ H2-Combustion Turbine
[ RE-Combustion Turbine
. Fossil CoGen
B cCoal
. Geothermal
B Hydro
B Concentrating Solar Power
[ Customer Storage
[ uitility Battery Storage
. Pumped Hydro Storage
[ Utility PV + Battery

Utility PV

Customer PV
B wind

B Nuclear

— Peak Demand
- Peak Demand + Charging
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Early & No Biofuels Scenario—High Electrification: 2025

Customer Renewable Storage
Rooftop Solar Energy (including coupled

; - with solar)
Solar en Techos de Clientes (utlllty scale) Almacenamiento

690 MW (+350)

Energia Renovable
(nivel de empresa publica)

Solar + Bateria Solar + Battery: 2,300 MW (+2,200)

1,700 MW (+400)

Solar Solar: 1,600 MW (+400)
Viento Wind: 2,900 MW (+1,900)
Geothermal Geothermal: 690 MW (+460)

25.0

20.0+

Capacity (GW)
>
o

10.0

5.0

0.0

Clean Energy Generation: 90% Generacidn de Energia Limpia

Capacity Mix
Mescla de Capacidad

202 2025 030 2035 2040 2045
Year

. Demand Response
. NG-Combustion Turbine
Il NG-Steam/Combined Cycle
[ H2-Combustion Turbine
[ RE-Combustion Turbine
. Fossil CoGen
B cCoal
. Geothermal
B Hydro
B Concentrating Solar Power
[ Customer Storage
[ uitility Battery Storage
. Pumped Hydro Storage
[ Utility PV + Battery

Utility PV

Customer PV
B wind

B Nuclear

— Peak Demand
- Peak Demand + Charging
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Early & No Biofuels Scenario—High Electrification: 2030

Customer
Rooftop Solar
Solar en Techos de Clientes (utility scale)

1,900 MW (+1,200)

Renewable
Energy

Energia Renovable
(nivel de empresa publica)

Storage
(including coupled

with solar)
Almacenamiento

2,100 MW (+400)

Solar + Bateria Solar + Battery: 2,800 MW (+500)

Solar Solar: 1,600 MW (+0)
Viento
Geothermal

Wind: 3,800 MW (+900)
Geothermal: 1,600 MW (+900)

25.0

20.0+

Capacity (GW)
>
o

10.0

5.0

0.0

Clean Energy Generation: 98% Generacion de Energia Limpia

Capacity Mix
Mescla de Capacidad

2030 2035 2040 2045
Year

2020 2025

. Demand Response
. NG-Combustion Turbine
Il NG-Steam/Combined Cycle
[ H2-Combustion Turbine
[ RE-Combustion Turbine
. Fossil CoGen
B cCoal
. Geothermal
B Hydro
B Concentrating Solar Power
[ Customer Storage
[ uitility Battery Storage
. Pumped Hydro Storage
[ Utility PV + Battery

Utility PV

Customer PV
B wind

B Nuclear

— Peak Demand
- Peak Demand + Charging
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Early & No Biofuels Scenario—High Electrification: 2030

Customer
Rooftop Solar
Solar en Techos de Clientes (utility scale)

1,900 MW (+1,200)

Renewable
Energy

Energia Renovable
(nivel de empresa publica)

Storage
(including coupled

with solar)
Almacenamiento

2,100 MW (+400)

Solar + Bateria Solar + Battery: 2,800 MW (+500)

Solar Solar: 1,600 MW (+0)
Viento
Geothermal

Wind: 3,800 MW (+900)
Geothermal: 1,600 MW (+900)

25.0

20.0+

Capacity (GW)
>
o

10.0

5.0

0.0

Clean Energy Generation: 98% Generacion de Energia Limpia

Capacity Mix
Mescla de Capacidad

2030 2035 2040 2045
Year

2020 2025

. Demand Response
. NG-Combustion Turbine
Il NG-Steam/Combined Cycle
[ H2-Combustion Turbine
[ RE-Combustion Turbine
. Fossil CoGen
B cCoal
. Geothermal
B Hydro
B Concentrating Solar Power
[ Customer Storage
[ uitility Battery Storage
. Pumped Hydro Storage
[ Utility PV + Battery

Utility PV

Customer PV
B wind

B Nuclear

— Peak Demand
- Peak Demand + Charging
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Early & No Biofuels Scenario—High Electrification: 2030

Customer
Rooftop Solar
Solar en Techos de Clientes (utility scale)

1,900 MW (+1,200)

Renewable
Energy

Energia Renovable
(nivel de empresa publica)

Storage
(including coupled

with solar)
Almacenamiento

2,100 MW (+400)

Solar + Bateria Solar + Battery: 2,800 MW (+500)

Solar Solar: 1,600 MW (+0)
Viento
Geothermal

Wind: 3,800 MW (+900)
Geothermal: 1,600 MW (+900)

25.0

20.0+

Capacity (GW)
>
o

10.0

5.0

0.0

Clean Energy Generation: 98% Generacion de Energia Limpia

Capacity Mix
Mescla de Capacidad

2030 2035 2040 2045
Year

2020 2025

. Demand Response
. NG-Combustion Turbine
Il NG-Steam/Combined Cycle
[ H2-Combustion Turbine
[ RE-Combustion Turbine
. Fossil CoGen
B cCoal
. Geothermal
B Hydro
B Concentrating Solar Power
[ Customer Storage
[ uitility Battery Storage
. Pumped Hydro Storage
[ Utility PV + Battery

Utility PV

Customer PV
B wind

B Nuclear

— Peak Demand
- Peak Demand + Charging
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Early & No Biofuels Scenario—High Electrification: 2035

Storage

Customer Renewable Energy fnclud g Hydrogen Combustion aus
- including couple . 3
Rooftop Solaf (utility scale) with solar) Turbines g,
Solar en Techos de Clientes  Energia Renovable Almacenamiento Turbina de Hidrogeno ,-E‘m_u-
2,700 MW (+800)  (nivel de empresa publica) Combustible &

2,400 MW (+300)

-
=
F=1

+2,500 MW in LA
Solar + Bateria Solar + Battery: 3,200 MW (+400)

Solar Solar: 1,600 MW (+0)
Viento Wind : 4,200 MW (+400) o
Geothermal Geothermal: 1,600 MW (+0)

250+

Capacity Mix
_ Mescla de Capqcid_ad_

0.0

Clean Energy Generation: 100% Generacion de Energia Limpia

B Oemand Response

[ WG-Combustion Turbing
B HG-SeamiCombined Cycle
[ H2-Combustion Turbina
RE-Combustion Turbing

B Concentrating Solar Power
B Customer Siorage

B wiility Batiery Storage

B Pumped Hydro Storage
I wiility PV + Battery

— Peak Demand

| = Peak Demand + Charging

LA100 | 33




gt

i LS

¢Y para una situacion hipotética diferente?




Transmission Focus—High Electrification: 2020

Capacity Mix
Mescla de Capacidad

a0

25.0-

Customer Renewable Storage Em-
Rooftop Solar Energy (including coupled &
Solar en Techos de Clientes 1T with solar) T

(Utlllty Scale) Almacenamiento ﬁl
340 MW Energia Renovable 1.300 MW 9 ool
(nivel de empresa publica) ’
Solar + Bateria  Solar + Battery: 90 MW =P
Solar Solar: 1,200 MW )
Viento Wind: 1,000 MW 1
Geothermal Geothermal: 230 MW

Clean Energy Generation: 45% Generacion de Energia Limpia

B Cored Rescanse
. HCE-Coivbust cn Torbire
B vG-Stearvcomaine: Uyoe
I HZ-Carrbstion Tirhin:
RE-CorbiusLon Torkiine:
B Focen Coter
B o=
Gemlhueren!
Hyilre:
[ Cotesnteatng Solsr Fowar
[ Custamer Storage
B LiliLy Garleny Sloriage
B umpe: Hydro Storsge
[ Lhiliee P + Esattary
Litilitw P
Zeslamer PV
D
B Hcicar

— Pk Dorrarnd
- - Peak Demand 1 Charging
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Transmission Focus—High Electrification: 2025

Customer Renewable Storage Renewable Fuel
Rooftop Solar Energy (including coupled Combustion
Solar en Techos de Clientes 1T with solar) :
(utility scale) Almacenamiento Turbines
520 MW (+180) Energia Renovable Turbina de

(nivel de empresa publica) 1,600 MW (+300)
+450 MW in LA
Solar + Bateria Solar + Battery: 2,300 MW (+2,200)

Solar Solar: 1,800 MW (+600)
Viento Wind: 2,200 MW (+1,200)
Geothermal Geothermal: 360 MW (+130)

25.0-

2004

Capacity (5W)

Combustible Renovable

300

Clean Energy Generation: 83% Generacién de Energia Limpia

Capacity Mix
Mescla de Capacidad

J |
M B 20 A0 2
Yoar

B Cored Rescanse
. HCE-Coivbust cn Torbire
B vG-Stearvcomaine: Uyoe
I HZ-Carrbstion Tirhin:
RE-CorbiusLon Torkiine:
B Focen Coter
B o=
Gemlhueren!
Hyilre:
[ Cotesnteatng Solsr Fowar
[ Custamer Storage
B LiliLy Garleny Sloriage
B umpe: Hydro Storsge
[ Lhiliee P + Esattary
Litilitw P
Zeslamer PV
D
B Hcicar

— Pk Dorrarnd
- - Peak Demand 1 Charging
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Transmission Focus—High Electrification: 2025

Customer Renewable Storage Renewable Fuel
Rooftop Solar Energy (including coupled Combustion
Solar en Techos de Clientes 1T with solar) :
(utility scale) Almacenamiento Turbines
520 MW (+180) Energia Renovable Turbina de

(nivel de empresa publica) 1,600 MW (+300)
+450 MW in LA
Solar + Bateria Solar + Battery: 2,300 MW (+2,200)

Solar Solar: 1,800 MW (+600)
Viento Wind: 2,200 MW (+1,200)
Geothermal Geothermal: 360 MW (+130)

25.0-

2004

Capacity (5W)

Combustible Renovable

300

Clean Energy Generation: 83% Generacién de Energia Limpia

Capacity Mix
Mescla de Capacidad

J |
M B 20 A0 2
Yoar

B Cored Rescanse
. HCE-Coivbust cn Torbire
B vG-Stearvcomaine: Uyoe
I HZ-Carrbstion Tirhin:
RE-CorbiusLon Torkiine:
B Focen Coter
B o=
Gemlhueren!
Hyilre:
[ Cotesnteatng Solsr Fowar
[ Custamer Storage
B LiliLy Garleny Sloriage
B umpe: Hydro Storsge
[ Lhiliee P + Esattary
Litilitw P
Zeslamer PV
D
B Hcicar

— Pk Dorrarnd
- - Peak Demand 1 Charging
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Transmission Focus—High Electrification: 2025

Customer Renewable Storage Renewable Fuel
Rooftop Solar Energy (including coupled Combustion
Solar en Techos de Clientes 1T with solar) :
(utility scale) Almacenamiento Turbines
520 MW (+180) Energia Renovable Turbina de

(nivel de empresa publica) 1,600 MW (+300)
+450 MW in LA
Solar + Bateria Solar + Battery: 2,300 MW (+2,200)

Solar Solar: 1,800 MW (+600)
Viento Wind: 2,200 MW (+1,200)
Geothermal Geothermal: 360 MW (+130)

25.0-

2004

Capacity (5W)

Combustible Renovable

300

Clean Energy Generation: 83% Generacién de Energia Limpia

Capacity Mix
Mescla de Capacidad

J |
M B 20 A0 2
Yoar

B Cored Rescanse
. HCE-Coivbust cn Torbire
B vG-Stearvcomaine: Uyoe
I HZ-Carrbstion Tirhin:
RE-CorbiusLon Torkiine:
B Focen Coter
B o=
Gemlhueren!
Hyilre:
[ Cotesnteatng Solsr Fowar
[ Custamer Storage
B LiliLy Garleny Sloriage
B umpe: Hydro Storsge
[ Lhiliee P + Esattary
Litilitw P
Zeslamer PV
D
B Hcicar

— Pk Dorrarnd
- - Peak Demand 1 Charging
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Transmission Focus—High Electrification: 2025

Customer Renewable Storage Renewable Fuel
Rooftop Solar Energy (including coupled Combustion
Solar en Techos de Clientes 1T with solar) :
(utility scale) Almacenamiento Turbines
520 MW (+180) Energia Renovable Turbina de

1,600 MW (+300)

(nivel de empresa publica)

+450 MW in LA
Solar + Bateria Solar + Battery: 2,300 MW (+2,200)

Solar Solar: 1,800 MW (+600)
Viento Wind: 2,200 MW (+1,200)
Geothermal Geothermal: 360 MW (+130)

25.0-

2004

Capacity (5W)

Combustible Renovable

300

Clean Energy Generation: 83% Generacién de Energia Limpia

Capacity Mix
Mescla de Capacidad

J |
M B 20 A0 2
Yoar

B Cored Rescanse
. HCE-Coivbust cn Torbire
B vG-Stearvcomaine: Uyoe
I HZ-Carrbstion Tirhin:
RE-CorbiusLon Torkiine:
B Focen Coter
B o=
Gemlhueren!
Hyilre:
[ Cotesnteatng Solsr Fowar
[ Custamer Storage
B LiliLy Garleny Sloriage
B umpe: Hydro Storsge
[ Lhiliee P + Esattary
Litilitw P
Zeslamer PV
D
B Hcicar

— Pk Dorrarnd
- - Peak Demand 1 Charging
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Transmission Focus—High Electrification: 2030

Renewable Fuel

Customer Renewable Storage EEM_
Rooftop Solar Energy (including coupled Combustion 2
; e ith sola . £15.0
Solar en Techos de Clientes (utility scale) A/m\glcen:mignto Turbines 4
1,100 MW (+600)  Energia Renovable Turbina de ~ ©

=
=
=

1,800 MW (+200)

(nivel de empresa plblica) Combustible Renovable

Solar + Bateria Solar + Battery: 2,300 MW (+0)

Solar Solar: 2,200 MW (+400) oo
Viento Wind: 3,500 MW (+1,300) B
Geothermal Geothermal: 500 MW (+140)

Clean Energy Generation: 91% Generacion de Energia Limpia

25.0-

1,100 MW (+640) in LA |

Capacity Mix
Mescla de Capacidad

B Cored Rescanse
. HCE-Coivbust cn Torbire
B vG-Stearvcomaine: Uyoe
I HZ-Carrbstion Tirhin:
RE-CorbiusLon Torkiine:
B Focen Coter
B o=
Gemlhueren!
Hyilre:
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Transmission Focus—High Electrification: 2045

Capacity Mix

250+

Custon;e: Rooftop  Renewable Energy Storage Renewable Fuel 200
Solar enngzhos de (utility scale) (including coupled Combustion Turbines &
Clientes Energia Renovable with solar) Turbina de Combustible £1s.0-
(nivel de empresa publica) Almacenamiento Renovable 5-:

3,100 MW (+500) 2,900 MW (+400) 3,900 MW il

(+2,300) in LA

Solar + Bateria  Solar + Battery: 2,300 MW (+0) I
Solar Solar: 4,800 MW (+2,300) y -.l
Viento Wind: 7,700 MW (+2,000)

Geothermal Geothermal: 470 MW (-30)

Clean Energy Generation: 100% Generacién de Energia Limpia

Mescla de Capacidad

B Demand Response

[l WG-Combusiion Turbine
B nG-SteamiCombined Cycle
|| H2-Combustion Turbine
B RE-Combustion Turbine
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0 Customer Storage
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U
100% renewable energy, along with

electrification of transportation and
other sectors, provides significant
greenhouse gas, air quality, and
public health benefits.

100% energia renovable, junto con la electrificacion del transporte y otros
sectores, proporciona beneficios significantes para los gases con efecto
invernadero, calidad del aire, y la salud publica.
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| Th; tr»a‘\5|tion to 100% rewables
could create thousands of clean
energy jobs.

La transicion a 100% energia renovable podria crear miles de trabajos
en energia limpia.
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A|I communltles will share in the beneflts
of the clean energy transition—but
improving equity in participation and
outcomes would require intentionally
designed policies and programs.

Todas las comunidades compartiran los beneficios de la
transicion a energia limpia --pero mejorar la equidad en

e’ participacion y resultados requiere politicas y programas
LA

disefiadas intencionalmente.
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Next Meetings

LA100 Results: Key Findings, Costs, and Next Steps
Resultados de LA100: Hallazgos Principales, Costos, y Proximos Pasos

martes, 18 de mayo a las 10 AM  jueves, 20 de mayo a las 6 PM sabado, 22 de mayo a las 10 AM

A Deeper Dive: Topic-Specific Meetings
Mas Detalle: Reuniones Temadticas

Demanda y Eficiencia Eléctrica Suministros de Energia Renovable  Beneficios Ambientales
martes, 25 de mayo a las 6 PM miércoles, 26 de mayo a las 6 PM jueves, 27 de mayo a las 6 PM

LA100 | 45




Websites for more
information

Sitios web con mas informacion

Study overview: https://www.nrel.gov/news/features/2021/1a100.html

Executive Summary: https://www.nrel.gov/docs/fy21osti/79444-ES.pdf

Interactive website: LA100study.com
Overview video: https://youtu.be/mbQtidp1HCQ
LADWP’s website: www.ladwp.com/la100

‘H A\]JM) Comments? Questions?

The Los Angeles 100% Renewable Energy Study ; . ;
dComentarios? ¢Preguntas?



https://www.nrel.gov/news/features/2021/la100.html
https://www.nrel.gov/docs/fy21osti/79444-ES.pdf
https://youtu.be/mbQtidp1HCQ
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