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Power industry environment

Common trends

Aging

Demands

Maintenance

Regulations

Significant T & D
infrastructure is at or near
end of life.

End of life : 5%

MNear end of
life : 25%
Transmission
infrastructure

Within useful
life | 70%

Erd of life . 4%

Mear end of
ife - 4%

Distribution
infrastructure

Wiithin usaful
life : S50

Source: EEI, Analysis US infrastructure

Increasing load and fault
levels

Complex networks due to
renewable

Erosion of skill engineering
and operation staff retire

1573 1983 a8 2003 2013

mDECD m——hon-DECD Wikl

Longer maintenance cycles,
keeping same performance

Limited outage time

Less maintenance being
performed

Business performance
demands higher return on
investment

Government regulations (e.q.
quality of supply)
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Electric power system of the future

Core themes defined by Cigré

Characteristics

Bi-directional energy flow

Application of ,Smart Metering” and major need for information
exchange.

More power electronics for AC and DC.
Storage for grid stability. .
New market design and market rules & regulations.

New grid protection concepts in order to cope with characteristics
of renewable generation.

New environmental and energy efficiency regulations.
Increase capacity and efficiency of assets.

Involvement of stakeholders in the development of adequate grid
infrastructure to cope with future requirements.

Tomorrow

©ABB
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‘Quelle 10 Themen: CIGRE “Electricity supply system of the future”, 2014
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wind and solar growth in parity to Nuclear development in the 70-thies

May 19, 2017

2500

2000

=
a
o
o

TWh Annually

=
o
o
o

500

Growth Comparison Nuclear Electricity and Solar+Wind

e Sum Solar+Wind

= N\uclear Shifted 34 years

| Slide 4

5 10 15 20 25 30
Years after "introduction"

http://www.bp.com/content/dam/bp/excel/Energy-Economics/statistical-review-2016/bp-statistical-review-of-world-energy-2016-workbook.xIsx



California 2017

8 consecutive hours with negative prices

California Independent System Operator net generation, March 11, 2017 =\
gigawatthours eia
30
25 utility-scale solar
i imports
15 other renewables
10 thermal

5 nuclear
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How much weather dependent production can we have?

% Weather

dependent

production 100 % 7y
Dispatchable
production
Hydro, Biofuel,
Nuclear, CCS,
W2aG...

v

Exact level will be decided by cost for
transmission/storage vs alternatives

I -
Slowdown expected Transmission and /or Storage Weather

Profitability = . s
tﬂggg; Value — Energy Cost (e.g. needed (Who invests?) dependent
must be positive production

N

ICT: Demand Side Management, Improved
Weather forecasts & Demand prediction (Cheapest
option?)

v
0% — -
“Load” noise iPredictability { Investments needed to move production in
region time or geographically Time
4
Today
© ABB Group
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The pioneering technology leader
Enabling a stronger, smarter and greener grid

Stronger

Ultra High Voltage DC and AC
Resilient transformers
Power quality solutions & FACTS'

Interconnectors

Continuously breaking records:
more power over longer distances
(12 GW over 3,000 km)

Smarter

Digital substations
Grid automation
Sensor-based technologies

Enterprise software solutions

Digital substation: smart
configuration and interoperability,
up to 80% less cabling, up to 50%
less outages

Greener

Eco-efficient Gas Insulated
Switchgear

Ultra low loss, amorphous core and
biodegradable oil transformers

HVDC Light?and FACTS for
renewable integration

[ R o

Transformers: up to 70% less losses
GIS3: up to ~100% less greenhouse gases
FACTS: more capacity in existing lines

©ABB

'Flexible Alternating Current Transmission Systems

May 19, 2017 | Slide 7 2Voltage Source Conversion
3Gas Insulated Switchgear
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Digital technologies are driving new innovation in industrial markets
Media is focused on B2C but the “killer app” is in B2B

Virtual/ augmented Software-defined Time-sensitive
reality machines Machine learning networking Big data

= N e

. s
L BiIG
DATA
Inexpensive computing Cloud computing Cybersecurity Connectivity Blockchain
A- ., X
5G e
aeneo BLOCKCHAIN

AL HR HD
mnpemw



ABBisinthe “eye of the storm” for massive value migration

A $4 - 11 trillion digital opportunity by 2025

Range of sized potential
economic impact

N Low
High

Disruptive technologies will have substantial impact by 2025 (economic impact of 12 most significant technologies, $ trillions, annual)

© ' Internet of Things

]
e @ Mobile internet ]
]

e ; Automation of knowledge work
(4] S Cloud technology s
6 =3 Advanced robotics ]
@ o Autonomous and near-autonomous vehicles | 0.2-19
a A Next-generations genomics [ 0.7-1.6
@ - Energy storage | 0.1-06
(9 ) 44 3D printing I 02-06
grzm Advanced materials I 02-05
m h Advanced Oil & Gas exploration and recovery | 0.1-05.
@® -{+ Renewableenergy § 02-03

1.7-6.2
1.7-4.5

52-6.7

¥ THE INTERNET OF THIKGS:

MAPPING THE WALUE
BEYOND THE HYPE
=

EXECUTIVE SUBIMARY

3.9 -11.1
3.7-10.8

©ABB ) 'Based on top-down estimate of potential net economic benefit, including consumer surplus
May 19, 2017 | Slide 9 Sources: McKinsey Global Institute



Industrial markets primed to adopt digital technologies

Computing + connectivity + cloud + analytics set to unlock value

Digital S-Curve

Level of -
digitalization Media

ICT

\
Finance & Insurance

Retail

A Automotive / Discrete
Utilities 3

Healthcare

Food & Beverage Chemicals

Oil & Gas
Rail & Road Logistics
Marine

Mining & Metals

Agriculture  Buildings .
Time

@® ABB end-market
A IR IR
Other industries ol ]



What does it taketo win in digital?
Mastering the controlroom

= - o

I e P = =

Maintenance
m
Operation

Plant / equip. health

Operational data

Measurements




XBB Ability™: industry-leading digital solutions

Our expertise

Information
Technology

Know-how

ABB Ability™:

Digitally connected products & services

Customers
v Uptime

v’ Speed

v Yield

v Safety

v Security



Ut | Ilt IES | SELECTION

Reduced installation time (<40%), maintenance costs (<50%) and outage time (<50%)

Asset performance Distributed energy resource Maintenance workflow
management management management Energy market trading system

26 thousard magawass
- Calfiomia's shectrieal grid theoughout the day

= " &
e | M EC 81850

- &l i
(SN %ﬁ International standard
+ 4
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How ABB Ability™ solutions deliver value
Digitally connected products and services providing expertise

Analyze
Do better Optimize

Sense Act

Do more Automate

Know more Assess



How ABB Ability™ solutions deliver value
Digitally connected products and services providing expertise

Together
\ Analyze
nse Act
Do better
Analyze Analyze
Sense Act Sense Act
Do more
\ Analyze
Sense Act

Know more

Collaborate

\\.-.
. o Pl_a_ﬁf -----
Optimize Wi .%)
------ Solutions @
Automation Systems ‘%.
___________ _ ,/’ /Q
Automate e /fl
BVices and seng s |
Assess



Digital Substation

Enable higher reliability and productivity in fleet service

Asset Health Center
Fleet

Management

Importance

Fleet health: Guide for optimized selective fleet maintenance planning based on
risks versus importance of assets EKPEI‘I

Substation Health

_____________________________________________________________ >
Diagnosis and visualrisk status information of equipment at
substation/ plant level

Substation
Information

Secondary equipment

______________________________________________________ )
Product level analysis and storage of data

Product specific fingerprint

Product
Information

Primary equipment
Data Sensor Technologies
Capture

Signals from sensors
Off line maintenance, field testing and product data

Condition

©ABB
May 19, 2017 | Slide 16
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Asset management

Monitor

Data analytics and condition monitoring features enable ABB’s asset health center

©ABB
May 19, 2017
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Diagnose

A 4

Decide
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Key Performance Indicators

Act
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Analytics and Diagnostics

157 &0

Asset Health Center

O

Condition and life time monitoring

(g H =

3

Remote control

Workforce and Asset Management

8 %

Work order and site services




Asset Health Center

Asset management solution

Situation and challenge:

- Criticalassets to be analyzed: 3,500 substations, 8,667 transformers, 10,737
breakers, 274 batteries; 33% transformers over 50yrs old; 18% over 60yrs

-  How can AEP prevent failures, optimize maintenance and prioritize renewals?

Solution:
— ABB Asset Health Center

- Consolidated SCADA, sensor & maintenance data analyzed via industry-leading
asset performance models

Benefits:

- Target 15% savings on O&M

- Automatic alerts, action recommendations & priorities
* Prevented at least three transformer failures

- Consistent prioritization of asset replacements

J32 AMERICAN
ELECTRIC
POWER

Station ¥
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Digitalization opens up new, large opportunities
Increased productivity: uptime, speed, yield

Digitally-enhanced Operations and asset

Digital equipment systems optimization software

A . R %
- N g — R % — oo
£%8 ﬂ_l_ ”” . [Img H — & 5 &2 m—ﬁﬁﬁ-fgi.g-ﬁ

~

- I = 0-
VUE‘N = == $ ‘st ¢
| ===
& b A — el S5
Real-time supervision Faster installation, more Real-time control
Higher reliability configurable Smart asset management
Maintenance optimization Power quality Planning optimization

Better integration of renewables

Managing volatile supply &
demand

Digitalization via intelligent products, communication and software

©ABB
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Digitalization is quickly entering into the power grid

What is the next (next) generation of the digital revolution

Power generation change
characteristics

 Going from synchronous
machines to power electronics
controlled generation

Results From the World's Biggest
Transactive Energy Test

. O . A Pacific Northwest project shows promise—but
F .‘;_, there's much more work to do on automated
. price-balancing.
i Fre
@»Ea} < @
Fo Bt k. ? by Jeff St. John
'o x September 02, 2015

Completely new
applications are emerging
fast

New service services, time based
to condition/risk based
philosophy

Dynamic rating of cables, OH
and transformers, dynamically 5-
20% higher capacity
Optimization of losses and
voltage profiles especiallyin
distribution grids with a lot of
PV, EV and Storage

Transactive trading, => Reduce
peak demand with 8%.

Block chain micro payments?

Post IEC 61850

Self-configuring devices with
data from the web, plug and
play/forget

Energy Storage

e Grid Singularityin Austria
* Solarcoin MIT start-up
* Transactive grid in New

York



Many trends in grid energy storage

Weather Variable
Production

éi Weather dependent production

Grows 26% annually —»

Outage
Power Quality
Losses

— s

Industry

Utilization
Grid constraints I Tariff reduction
Residential
Roof PV
" e S I i Thermal Storage
G 7 _T

Conventional
Production Optimization

Fast pricedrop

Legislation lagging

Fast deployment possible (3 years->3 months)
New suppliers

Blockcham P2P-trading

DD:—‘EV

Few, large or many, small’>



OECD uses half of the worlds electric consumption
Slight decline in absolute terms. How will it develop? Impact on grid?
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Economic upturn
Fossil fuel -> Electricity
New type of electric loads
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https://data.oecd.org/energy/ electricity-generation.htm

20000

15000

10000

5000

Energy Efficiency
Rooftop PV
Economic downturn

Increased utility revenues
New grid investments
Storage to defer/delay grid
investments?

Decreased utility revenues
Aging assets
Life extension



Internet of Energy
The digital power grid
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