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Power Systems of the future - Grid Edge Technologies
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ABB today

Two clear value propositions

Bringing electricity from any Automating industries from natural
power plant to any plug resources to finished products
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Grid Evolution
Today and in the near future
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Factors: l

— Global warming - ecological threats

— Stimulated, regional introduction of renewables

— Exponential reduction of photovoltaics & battery storage costs
— Consumer to Prosumer development

— Digitalization trend

— Interconnection technology development

Sources: ABB



Power systems of the future
Elements of the evolving grid

Grid interconnection Energy storage Digitalization
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Power systems of the future
Global trend — Big shift in the electrical value chain

A Renewable share: ~40% of capacity by 2035
Generation mix == ﬁ ﬁ Greater volatility, less predictability

‘ More feed-in nodes

Increasing complexity

Power transmission Control/ information flow is key value driver

and distribution
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Transmission: Longer distances,
higher voltages

Growth in distributed energy resources

Consumption ‘ Grid-connected and off-grid microgrids

Control & optimization at “local” level



Power Systems of the future
Grid Interconnection

Opportunities

Renewable integration across regions
Optimal use of reserve and peaking capacities Scenario of globally interconnected regions
Diversification of electricity supply

Reduction of wholesale electricity price volatility
Strengthening grid operation in case of fault conditions

Increase capacity utilization factor of conventional generation

Challenges

Political factors

Economic framework
Technological capabilities

Coordinated operation (global harmonization of standards,
grid codes and operational practices)




Power Systems of the future
Power quality & storage solutions increasingly needed

WA
Residential PV ﬁ’ ﬁ Microgrids
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EV opportunitieg 25 solar
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Energy Storage EI wind
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Distribution Grid Qg

Bulk Generation

Transmission Grid % Heavy Industry
Transportation Industry

Multiple technical solutions available to address power quality

Energy storage based
(chemical or Power electronic based
mechanical)
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Power Systems of the future
New opportunities for digital solutions and services at the edge of the grid
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required to:

Grid TT Advanced distribution network management @ Transactive energy
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Digital &
Services Microgrid Energy Management Solution Aggregation

— Ensure grid
reliability
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Consumers /

— Maximize
customer value

prosumers Residential Commercial Industrial Community
. Enabling digital Distributed energy
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Power Systems of the future
Grid Edge Technologies

Definition

An ecosystem of:

= Distributed energy capabilities,

= digital solutions

= and services

to maximize customer value and retention

Controllable
loads

Control

Generation Aggregation

Microgrid Optimization

%
8 Transactive
S energy
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EV charging _? Grid
o
- Edge Market

devices participation
Service®

Consulting Xaas

Operations &
maintenance

Integration

Financing
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Power Systems of the future
Grid Edge Technologies : Key elements

Home & building automation
Control in-home appliances

Microgridl
Off-grid and grid connectedl

Controllable IoadsI—'i
)

Power quality assets |
Capacitors, harmonic filters, ... |

Distributed storage ¢
Energy storage including thermal — @

E-mobility |
EV charging, smart charging, V2G, e-buses |

Metering
Smart meters, sub-metering P

Distributed generation, heating and cooling
Traditional & renewables generation

Energy efficiencyF

Solutions often offered as a service

Communication & Cyber security
Distribution Automation
ADMS, DERMS
Asset health
Remote monitoring and control
4,—|Optimization
Virtual Power Plants (VPP)
Aggregation, Demand Response

Transactive energy
(4 Peer2peer, block-chain solutions

Consulting, design & engineering
Mic Services supported by digital tools
es
® Operations and maintenance services
® Services supported by digital tools
Financing

XaaS (EaaS, MaaS, SaaS)
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Power systems of the future — an evolutionary vision
Grid evolution in the future

Today Tomorrow
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Factors:

— Full scale deployment of renewables across all regions

— Increased share of energy by wire

— Massive introduction of grid connected Electrical Vehicles

— Utilities adjusting to new, additional business models

— Fully flexible power exchange with related data transfer («Internet of Energy»)
— Artificial Intelligence enabling complex autonomous processes

Grid investments need to be driven by anticipated future requirements and needs
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