The grid edge transformation — New business models
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Three trends have the potential to disrupt the electricity system —

reinforcing each other in a virt

uous cycle

ELECTRIFICATION

Critical to long-term carbon goals and
will be a relevant decentralized
resource

Key technologies: Electric
vehicles, vehicle to
grid/home, smart

charging, heat pumps

DIGITALIZATION

Allows for open, real-time, automated
communication and operation of the
system

DECENTRALIZATION

Makes customers active elements of
the system, though requires
significant coordination

Key technologies:
energy efficiency,
distributed generation
and storage, microgrids,
demand response

Key technologies: Network and

system technologies (e.g. smart

metering, remote control and
automation systems, smart

sensors, optimization and

aggregation platforms), and
customer technologies (e.g.

smart appliances and devices,

loT)

A

Potential for disruption fueled by

Exponentially
decreasing technology
COStsS

Innovative nhew
business models

Low asset utilization
of the electricity grid




Costs of distributed generation and storage are decreasing significantly —
and will continue to do so

¢@ DISTRIBUTED GENERATION (RESIDENTIAL ENERGY STORAGE
SOLAR PV)

US solar PV Installed prices of US annual battery Li-ion battery/cell cost
installed capacity (MW) residential PV systems ($/w) deployments by use case (GWh) ($/kWh)
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Note: Shaded bars from 2016 to 2020 are forecasts, while 2021-2025 are illustrative projections using similar forecasted trends; 2012 energy storage deployments is estimated based on 2013-2015 actual historic values; Battery costs only one part of total cost of storage, which includes balance of plant costs
Source: NREL, Navigant, BNEF, Deutsche Bank, Goldman Sachs, Business Insider; Greentech Media; SEIA; Bain analysis



The future electricity system will see new business models emerge, built
around empowered customers

Customers in the future

ene systeim
Using grid ygige technologies
and services, customers will
produce, consume, store, and

sell electricity

Justopners
with

=i

distributed
generation and
storage

e

eiwid

Feer—to -peer
transactions

CENTRALIZED
GENERATION

DISTRIBUTED
GENERATION

STORAGE

D

ELECTRIC VEHICLES

:

®

COMMUNICATIONS
/S ANALYTICS

O

DATA STORAGE

CENTERS

FUTURE
ENERGY SYSTEM

N\
IN

TRANSMISSION &
DISTRIBUTION

=

ADVANCED
METERING
FRASTRUCTURE

PDEMAND SIDE
MANAGEMENT

Customers in the future

energy system
Automated tech and

analytics will influence
customer consumption and
contribute to new customer
services
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Grid edge technologies have the potential to significantly improve the
utilization of electricity system assets

Daily load (GW)

Electric vehicles
Demand response

Distributed storage

Energy efficiency

Electricity system built to cope with peak demand, and thus has an average system utilization rate of

54-55% (in the US)
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Impact of grid edge technologies on daily load

Grid edge technologies could support peak demand reduction (through overall reduction and

shifting/flattening) — a 10% decrease in peak demand equates to ~$80B of value in the US alone

Note: Average US asset utilization rate of 54-55% is from the EIA showing values for 2015 for coal and natural gas fired combined cycle plants; peak demand in the US is ~710,000 MWh (in late July 2016); EIA estimates 51,110 per kW for
combined cycle natural gas plants installed in recent years; value creation is equivalent to savings from cost avoidance of building traditional peaking plants, savings on energy costs (~S40/MWh), and savings from avoided transmission costs;

Source: EIA; Bain analysis



Grid edge technologies will likely follow an adoption s-curve similar to other
Innovative products

TIME FOR TECHNOLOGIES TO REACH 80% PENETRATION

Percent of US households

100% 1900-20 tech
(telephone, stove,
electricity, auto)

~30-40 years

1960-80 tech

(color TV, microwave, — Grid edge technologies
VCR) / - -
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How do we ensure this transformation creates value for the electricity system
and broader society?

Note: penetration figures for the US
Source: NY Times, IEA, GTM, DOE, IHS, Berg Insight



$ 2.4 trillion i1s the value that can be captured globally by the electricity
Industry and society in 2016-2025

Cumulative Industry Impact — 2016-2025 — USD bn?2 Cumulative Customer Impact — 2016-2025

"“ $976.4 bn reliability, affordability and

14 883 efficiency
334
************ Cumulative Societal Impact — 2016-2025
®
' $191.1 bn impact of job creation
435

\'/ ~1,979 Kk jobs created

@\ $338.4 bn from fuel emissions
»d oided

Utilities Suppliers Aggregators Total

@\ 7,130.3 mn tonnes CO, emissions
&  avoided

(1) Impact to Earnings before Interest and Taxation (EBIT); Source: World Economic Forum, Accenture Analysis — The digital transformation of industries
(2) Reduced T&D losses, breakdowns and downtime; capital and operational efficiency, new sales of HW/SW, new services



To realize the value potential, iInnovative approaches and paradigms are
necessary In four areas

Customers attitudes, Physical and digital
behavior, expectations Infrastructure

Regulatory models Business
and policy models



Example — Performance-based regulation and total-expenditure approach to
foster innovation, efficiency, digitalization and cultural change

e RIIO (UK) Is one of the most comprehensive examples
of performance-based regulation. The regulatory
model, which stands for “revenue = inputs + incentives
+ outcomes” implies that policy focus on reaching policy
goals (such as energy efficiency, peak shaving, data
sharing), instead of picking specific technologies.

e This regulatory paradigm stimulates a cultural change, it
removes the incentive for utilities to invest only In
additional network infrastructure and encourages them
to invest also In alternatives, including network
digitalization or procurement of services from distributed
energy resources




Example — Electricity networks as the service platforms for active
customers and their distributed energy resources (DER)

e Grids to become transactive platforms for DER
(Reforming the energy vision — REV NYS)

e Clearly defined in terms of DER's role, asset type and
ownership (mitigate as much as possible any risk of
conflicting interests between the development of the
system and its management)

e Adequate market design, allowing independent
aggregation, network operators to procure services
from DER, time and location-based valuing of DER and
Improved connection speed and economics




Example — Redesigning the customer experience through dynamic pricing
and new customer segmentation

- Time-sensitive dynamic pricing Is an essential -
component of a decentralized energy system, as It
provides an economic signal for customers to interact
with the electricity system.

- Dynamic pricing encourages customers to reduce
electricity consumption during high-cost periods,
reducing electricity system costs.

- ldentify new customers segments by how much they
adopt new technologies (digital services, EVs, PVs,
Batteries)




Call to action to drive the grid edge transformation

Policy makers

Regulators

Private sector

All stakeholders

Re-design the regulatory paradigm, adapting the network revenue
model, planning the electricity system around distributed energy
resources, and introducing dynamic pricing

Adopt faster reaction cycles, involve more stakeholders and
Include an urban regulatory dimension

Transformation is inevitable, status quo Is not an option - embrace
the new reality of a fully digital, customer-empowered, transactive
electricity system

Deploy enabling infrastructure that is flexible, open and
Interoperable. Consider public private partnerships to build
enabling infrastructure that is not yet commercially viable and requires
Initial public intervention



A general framework of recommendations on policy, business models,
Infrastructure and customer engagement

Change the rules of
the game, enabling
new roles for
network operators,
Innovation and full
Integration of
distributed
resources

Incorporate the new
reality of a fully
digital, customer-
empowered,
Interactive electricity
system

Redesign
regulatory
paradigm

Redefine
customer
experience

The Future of Electricity
New Technologies
Transforming the Grid
cdge

Deploy
enabling
Infrastructure

Embrace
new
business
models

Ensure the
Infrastructure
enabling new

business models can
be timely deployed

Pursue new revenue
sources from
INNnovative
distribution and
retail services
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http://www3.weforum.org/docs/WEF_Future_of_Electricity_2017.pdf

How to turn this general framework into action, driving and accelerating the
grid edge transformation

The World Economic Forum facilitates the
establishment of national public-private working
groups, under the leadership of Energy Ministries, to
adapt the general framework to the specific market
priorities for deployment.

In 2017 a working group in Colombia, under the
leadership of the Minister of Energy and Mines, and
Including the most relevant stakeholders of the
private and public electricity sector, developed a grid
edge transformation framework for Colombia.




The GET framework (&) MINMINAS wupme Colombie
For Colombia / Business Models inteligente
Un sector eléctrico distribuido y U Un sistema eléctrico como
digitalizado B . U CUDIE SRR plataforma fransaccional

« Habilitador de iniciativas empresariales

VI S I O N » Eficiente, i I « Acfivo en el mercado de ofertay « Prestador de servicios de valor
« Proveedor de confiabilidad flexible - .
. Portable y fransable para ka oferfa v demanda Servicios a fraves de la red ﬂgre”gc:dn |
. B2 .| » Tomador de decisiones « Habilitador de diferentes fipos de
acceso de servicios convergenies mulfi- . : - . .
oducto « Acceso en flempo real desde disposifivos fransacciones con los clientes
P digitales » Proveedor de informacién para la toma

« Habilifodor de competencia e decikiones

Bajo ese contexto, se han idenfificado los siete elementos mas significativos que caracterizan la situacion actual de
la prestacion del servicio de energia eléctrica v que representan los principales aspectos que implicaran un retraso
a la transformacion del sector electrico en Colombia y sobre los cuales se considera necesario actuar:

Contexto actual del servicio

° @ MM HHHE

CONTEXT

Senales Actitud
El mercado en distorsionadas y Medicién Limitaciones al oasivaveaciive Exceso de Inter-
competencia es falta de . despliegue . . Institucionalidad
reducido incentivos a R tecnolégico de los wsuarios regulacisn desarliculada

la demanda frente al servicio

15



The GET framework

For Colombia

% gupme 52

Colombia g
Uridad o= Plan eac on Mine Tregetioe I

Habilitar infraestructura y plataformas tecnologicas
para soportar los modelos de negocio
Brindar senales eficientes a la demanda

Un cliente empoderado de |la tecnologia

Un mercado abierto a los clientes

Fortalecer la cultura de la energia eléctricacomo
habilitador del desarrollo socioeconémico

Condiciones normativas y de politica nacional en
torno a la electrificacion del transporte

Promover modelos de negocio alrededor de la
electrificacion del transporte

Desarrollo de Infraestructura estandar

Fortalecer la investigacion, habilidades y capacidades
técnicas

L
|
gl g

1. Generar programas estrategicos de corto y mediano
plazo para apoyar la planeaciony el control del
sistema electrico

2. Generar programas estratégicos de corto y mediano
plazo relacionados con el mercado y usuario final

3. Establecer una politica de modernizaciontecnoldgica
de la red (grid edge/top-down)

4. Actualizar normas y codigos técnicos

4. MICROREDES PARA LA SOSTENIBILIDAD ZNI

1. Promover e incentivar el uso integral y eficiente de
tecnologias

2. Fortalecer el marco normativo y la coordinacion inter-
iInstitucional

3. Promover los encadenamientos productivos e
Iniciativas empresariales

4. Empoderamientoy desarrollo de habilidadesy
capacidades tecnolégicas
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The transformation of the energy system
Digitalization, Decentralization and Electrification

The Future of Electricity: New Technologies
Transforming the Grid Edge

59019

Insights report — March 2017

Explored the impact of decentralization, electrification ‘ /\i
and digitalization of the electricity sector. Provides a L ]
general fr_amework of policy_ an_d business modes to NEXT TO COME
The Digital Transformation of Industries: deploy grid edge technologies into the energy systems
Electricity Industry The Future of Energy and Mobility: Electric

Vehicles for Smarter Cities
White Paper - January 2016

Insights report — February 2018
Estimated the global value potential - for industry,
society and environment - of digitalizing the
electricity industry in 2016-2025:

- Asset lifecycle management

- Network optimization and aggregation

- Integrated customer service

It will provide a vision and framework to accelerate
electrification of transport in cities, at the convergence
of energy, mobility and urban transformation
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Thank you!
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