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Solar costs are falling dramatically since 2008 Battery price are also falling
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Electric Vehicles Sell Power Back to the Balance of Power

Delaware Test Fleet Makes Money by Serving as an Electricity Reserve Cars used

~ What they do
f
1 / Special equipment needed
Power of car batteries

Minimum capacity needed
for a grid “bank”

Time connected to grid
| Average daily driving time

Monthly revenue per car
from grid operator

Monthly electricity cost/car

Monthly profit

Cars controlling the Grid?

: The numbers behind the University of Delaware program using cars
Grid as a money-making reserve for the electric grid

23 (19 all-electric Mini E’s, 3 modified
Scion xB’s, 1 experimental Honda
Accord plug-in hybrid)

Store or discharge electricity
according to grid needs

Control board, $200-$300 per car
12 kilowatts per vehicle*

100 kilowatts/9 cars

24/7 except when being driven
About an hour per car

About $150

About $40
About $110 per car/$2,500 total

Source: University of Delaware

“For Minis and Scions. Honda power not disclosed.

The Wall Street Journal

UNIVERSITY OF

WATERLOO
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POWER.HOUSE VPP launched s,fgg_:;,j"r
March 2016

IESO Conservation Fund for 20 homes:
» 20 targeted homes in PowerStream territory

* 5 KW solar array; Sunverge unit- 6.8 KW/11.4KWH battery and EMS
» Aggregation of distributed assets to create a Virtual Power Plant

* Technology partner: Sunverge

* Installation partner: RBI

L))\
POWER
HOUSE

Solar
Integration

Outage
Management

Behind the
meter solution

Grid Interactive
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Overview of Rodan

 Rodan is a North American smart grid integrator and a leading
developer of demand side energy resources

» Offices in Mississauga, Calgary and Kitchener/Waterloo

e Customers include power distribution comEanies, power
producers and large energy users (key markets ON, AB, BC)

* Focus on power systems, demand response, utility services
and energy management

* Leading Network Operations Centre (“NOC”)
* Monitors over $9 billion in power flows
* Controls and operates 500 MW of demand response resources

* Dispatches portfolio of several hundred thousand residential,
commercial and industrial power users.

e Ontario Energy Association Company of the Year Award (2013
& 2016)

e Canada’s Top 100 Small & Medium Employers 2015/16/17

17 %ﬂ”ﬂ”



Twelve potentially economically disruptive technologies

18

o»

Mobile Internet

A

Automation of knowledge
work

N5, D s The Internet of Things
UEV 5 :
n\\E 5. .‘%\I \Q.

¢

Cloud technology

Advanced robotics

arsEen Autonomous and
r©"<®‘ near-autonomous vehicles
| Y. % o Next-generation genomics
1Y} -
e

SOURCE: McKinsay Global Institute analysis

Increasingly inexpensive and capable
mobile computing devices and Intemet
connectivity

Intelligent software systems that can
perform knowledge work tasks involving
unstructured commands and subtie

judgments

Networks of low-cost sensors and
actuators for data collection, monitoring,
decision making, and process
optimization

Use of computer hardware and software
resources delivered over a network or
the Intermet, often as a service

Increasingly capable robots with
enhanced senses, dexterity, and
intelligence used to automate tasks or
augment humans

Vehicles that can navigate and operate
with reduced or no human intervention

Fast, low-cost gene sequencing,
advanced big data analytics, and
synthetic biology (“writing” DNA)

RODAN

Energy Solutions



Twelve potentially economically disruptive technologies

Energy storage

3D printing

{m Advanced materials

Advanced oll and gas
exploration and recovery

/ was Renewable energy

e

SOURCE: McKinsey Global Institute analysis
19

Devices or systems that store energy
for later use, including batteries

Additive manufacturing techniques to
create objects by printing layers of
matenal based on digital models

Materials designed to have superior
characteristics (e.g., strength, weight,
conductivity) or functionality

Exploration and recovery techniques
that make extraction of unconventional
oil and gas economical

Generation of electricity from renewable
sources with reduced harmful climate
impact

RODAN

Energy Solutions



Disruptive Energy Technologies (DETS)

* Wind & solar generation

* Energy storage — battery, pump, thermal...
* Demand response

* Distributed generation

* New fuel sources — hydrogen, fission, etc.
e Others?

20 %ﬂul_v



Introduction of DETs

* Traditionally require

* Subsidies — e.g. long term PPAs
* Increased build-out of transmission & distribution assets

* Did not displace most fossil-fueled generation
* Dramatically increased system costs

* Depressed electricity market prices

e Oversupply during low demand periods causing negative
prices

* Costs recovered via capacity payments — Global
Adjustment in Ontario

21 %ﬂul_v



What is Global Adjustment?

22

The Global Adjustment is an Ontario electricity market mechanism used
to transfer certain types of costs among generators, agencies and
consumers.

Most of GA costs arise from long term contracts the [ESO has with
generators. A good portion of these contracts are at fixed prices, or they
have revenue guarantees that behave like fixed-price arrangements.
When spot prices are low, the generator does not earn enough revenue
from power sales to meet its revenue guarantee or fixed price. The IESO
pays the generator to make up the difference, and the IESO recovers
that cost from consumers through the Global Adjustment. In a month
when the market price of electricity is low, the cost of GA will be higher
and when market prices are high, the GA will be lower.

The remainder of the GA costs result from IESO-funded conservation,
energy efficiency, demand management and other clean energy
programs that are passed on to consumers. These costs are largely

unaffected by electricity prices.
%ﬂﬂﬂ N



GA Cost Trends

23

2017 2018 2019 2020 2021
contracted energy TWh 145 146 147 140 138
weighted contract price $/MWh $81 $80 $83 $84 $87
HOEP $/MWh $19 $22 $25 $25 $ 27
GA total cost $ million $ 10,700 $ 10,900 $ 10,800 $ 10,900 $ 10,900
Class A value $/MW/year | $474,000 | $483,000 | $480,000 | $483,000 | $482,000
$ million per
GA total cost, sensitivity $/MWh of -$146 -$148 -$148 -$142 -$139
HOEP
2022 2023 2024 2025 2026
contracted energy TWh 137 117 125 115 121
weighted contract price $/MWh $ 90 $92 $ 95 $ 96 $ 99
HOEP $/MWh $29 $ 37 $ 37 $ 37 $ 37
GA total cost $ million $ 10,800 $ 8,600 $ 9,200 $ 9,000 $9,700
Class A value $/MW/year | $ 482,000 | $384,000 | $410,000 | $398,000 | $430,000
$ million per
GA total cost, sensitivity $/MWh of -$138 -$118 -$127 -$116 -$122
HOEP

Source: Global Adjustment Forecast by Bruce Sharp Energy, September 2016
CONFIDENTIAL
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The Challenge

Introducing DETs via subsidies has caused market/pricing
imbalances and muted price signals

Few opportunities for consumers (other than conservation)
to reduce costs

* Economic impact

* Manufacturing exists higher cost jurisdictions; or
* Finds off-grid solutions

e Off grid or distributed energy resources are the next DETs
* They will be driven by economics

e System costs associated with Green Energy technologies with us for
20 years

* Fewer consumers available to pay system costs
 Utility infrastructure costs still remain

24 %ﬂul_v
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RODAN

Energy Solutions

Delivering Innovative Energy Solutions

Head Office: Western Office:
165 Matheson Blvd. E, Suite 6 734 - 7t Ave. SW, Suite 604
Mississauga, Ontario L4Z 3K2 Calgary, Alberta T2P 3P8
Tel: (905) 625-9900 Tel: (403) 301-3314

Innovation Hub:
22 Frederick Street, Suite 1114
Kitchener/Waterloo, Ontario N2H 6M6
Tel. (866) 441-1143

26 CONFIDENTIAL rOdanenergy
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Karlsruhe Institute of Technology

Panel 1: Is Technology Disruption Driven by Economics?
— A German Perspective

Ingo Mauser
Karlsruhe Institute of Technology, Germany

Technology Innovation & Policy Forum 2017, 09 November 2017, Waterloo, ON, Canada

INSTITUTE OF APPLIED INFORMATICS AND FORMAL DESCRIPTION METHODS (AIFB)

Smart Meter Gateway : Temporary ice rink at Karlsruhe Palace

Source: devolo - Source: http://vwvw.stadtwerkeieisieit.de 3

KIT — The Research University in the Helmholtz Association



‘[‘) E;t:gt;o; moment” for Utilities? (1/2) -&‘(IT

Karlsruhe Institute of Technology

B Is there a "Kodak moment” emerging for the utilities?

® Will energy distribution become redundant?
® Most probably: Not. (Germany: high population density, comparably evenly spread)

® Will distributed energy generation and storage be cheaper than distribution?
m 1st — “Kodak moment” for energy generation
m 2"d — “Kodak moment” for ancillary services
m 39 — “Kodak moment” for distribution utilities (depending on population density)

W Battery storage systems
B 2017: ~25% of the primary balancing power (frequency-responsive/spinning reserve)
® Cannibalization of (demand side management) business models
® N+1 redundancy - fallback on grid connection
® System Average Interruption Duration Index: 12.7 min (Germany, electricity, 2016)

Ingo Mauser Panel 1: Is Technology Disruption Driven by Economics? —
A German Perspective

29 11/16/2017 Institute of Applied Informatics and
Formal Description Methods (AIFB)



Disruption T
“Kodak moment” for Utilities? (2/2) ﬂ(l

Karlsruhe Institute of Technology

B Is there a “Kodak moment” emerging for the utilities? (continued)

® Distribution utilities
B Network economics
® Regulation

® Roads, railway infrastructure, telecommunication, postal services
- network effects, natural monopoly

® What are the costs and what are the benefits of privatization and regulation?

® Why are state- and municipally-owned enterprises
less efficient than private ones?

Many people don’t worry about slightly higher costs
Public welfare, jobs

Germany: public swimming pools, ice rinks,
sponsoring of cultural events, ...

Source: http://www.stadtwerke-eiszeit.de, access: 07 November 2017

Ingo Mauser Panel 1: Is Technology Disruption Driven by Economics? —
A German Perspective

30 11/16/2017 Institute of Applied Informatics and
Formal Description Methods (AIFB)



Regulation and Innovation ﬂ(IT
Regulated Entities or Innovation?

Karlsruhe Institute of Technology

® Why did large-scale distributed generation by solar power
not cause heavy problems in Germany?

® Copper, a lot of copper = not really innovative
® Regulation: fixed interest rates for investments
® Long-term and lasting solutions (40+ years)

® Current regulation in Germany

® Incentive regulation (cost, efficiency, revenue caps)
® Decisions are based on the current situation (PV)

v — \ .\‘\

: oy

i il here’s No Pl Like H \ |

® What about electric mobility? o Chniotic You: Blutie )
® Electricity consumption is likely to rise TSI, B A

® “There is no place like home for charging your electric”
General Electric (1914)

!
® Innovation will be necessary to limit grid expansion ’

General Electric Company

Largest Electrical Manufacturer in the World

Principal Office : Sales Offices in

i et
. Schenectady, N. Y. All Large Cities
@
)

Source: http://www.american-automobiles.com/Electric-Cars/Early-American-Electric-Automobiles.html , access: 21 September 2017

31 11/16/2017 Ingo Mauser Panel 1: Is Technology Disruption Driven by Economics? —

Institute of Applied Informatics and
A German Perspective Formal Description Methods (AIFB)



Smart Grids and Smart Metering ﬁ(IT
Benefits of ICT for the Customers?

Karlsruhe Institute of Technology

B What will be the unique benefits of ICT in grids for the customers?

® Is ICT for smart grids a sustainable solution?
® Long-term and lasting solutions
® Reliability, maintenance/support, liability, risks (e.g. cyberattacks, privacy)

® Do people really want more information about their electricity consumption?

B Electricity is a commodity
® Refined sugar is refined sugar, table salt is table salt, and electricity is electricity
® Commodity that is bought regularly and at a low price
® Discount supermarket chains: ALDI, LIDL

® Small quantities of quality products at a
reasonable price (less focus on brands)

® Organic products, mobile network operation, Griiner Strom bei ALDI SUD.
green electricity (hydropower from Austria) Ganz natdrlich!

Source: http://www.aldi-sued.de, access: 07 November 2017

32 11/16/2017 Ingo Mauser Panel 1: Is Technology Disruption Driven by Economics? — Institute of Applied Informatics and
A German Perspective Formal Description Methods (AIFB)



Fixed Costs and Variable Costs :ég(IT
Business Model in Network Economies?

Karlsruhe Institute of Technology

B Is there a clash between distributed generation and existing network assets?
® Will the revenue model based on delivering kWh be replaced?

B Oversized water supply system

B Was electricity generation really COMPONENTS OF THE GERMAN POWER PRICE 2017
as Cheap as |t Seemed tO bef) Average electricity price for households in Germany
a NUCIGar pOWGr Value-added tax
. 4.66 ct
® Coal-fired power plants
® Renewable energy surcharge

Taxes, levies, surcharges: 55%

Renewable surchage
6.88 ct

Electricit tax
b Other levies:

2.05 ct

® Change of revenue model 29,16 08ct

® Increase of basic charge cents | kwh Eg:;essim fee

is (politically) not acceptable S—
® Social justice: students, retirees e Price 2008 -2017
® Energy efficiency oo
Grid charges
7.48 ct L

*3500 kWh annual consumption, prices in €

Source: Wikipedia, Lindaholm, https://en.wikipedia.org/wiki/File:Electricity-price-germany-components.png, access: 07 November 2017

33 11/16/2017 Ingo Mauser Panel 1: Is Technology Disruption Driven by Economics? — Institute of Applied Informatics and
A German Perspective Formal Description Methods (AIFB)
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Disruption -\X(IT

Karlsruhe Institute of Technology

® Is technology disruption driven by economics?

1. Superior products
® Comfort, safety, product characteristics
® lightbulb > CFL - LED or lightbulb > €L - LED
® horse - electricity = fuel - electricity?

2. Economics

3. Regulation and subsidies
® Drivers and barriers for disruption and innovation
® German Renewable Energy act EEG 2000: >50 Cent/kWh for PV feed-in

» Disruption: 1. energy generation 2. ancillary services 3. energy distribution

» Electricity grid: long-term and lasting solutions

11/16/2017 Ingo Mauser Panel 1: Is Technology Disruption Driven by Economics? — Institute of Applied Informatics and
A German Perspective Formal Description Methods (AIFB)
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Contact

T

Karlsruhe Institute of Technology

Dr.-Ing. Ingo Mauser
Post-doctoral Research Associate

Research group Efficient Algorithms
Institute AIFB, Department of Economics and Management

Tel.: +49 (0)721 608 44556
Email:  ingo.mauser@kit.edu

KIT Campus South
Building 05.20, Room 2B-04
Kaiserstr. 89

76133 Karlsruhe, Germany

www.aifb.kit.edu

WWW.0rganicsmarthome.com

github.com/organicsmarthome

Institute of Applied Informatics and
Formal Description Methods (AIFB)


http://www.aifb.kit.edu/
http://www.organicsmarthome.com/
http://www.github.com/organicsmarthome

Duck Curve ﬂ(IT

Karlsruhe Institute of Technology

® Duck curve is already reflected by the wholesale
price of electricity in Germany

Actual Power Production Planned Power Production 2017/11/04

Germany

75 60
=
= 50 40 =
€ =
o

25 20

00 02 04 06 08 10 12 14 16 18 20 22
Source: EEX European Energy Exchange, 04 November 2017
36 11/16/2017 Ingo Mauser Panel 1: Is Technology Disruption Driven by Economics? —

Institute of Applied Informatics and

A German Perspective Formal Description Methods (AIFB)



Electric Mobility Q(IT

Karlsruhe Institute of Technology

Charging of Batteries

for Electric Vehicles

TWO-RATE TARIFF.

County Borough of
8d. per unit for all consumption registered Southport, Electricity
between the hours of 4 p.m. and 8 p.m. Department: ,Tariffs”
}d. per unit for all consumption registered at (year UﬂkﬂOWﬂ, ~1910)

any other time.

A special two-rate meter will be fixed.

For Tradesmen who have Electric Vehicles,
this Tariff enables them to re-charge during

the night at the very low rate of 4d. per umit.

Source: http://www.american-automobiles.com/Electric-Cars/Early-American-Electric-Automobiles.html , access: 21 September 2017
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WhO Said th|s?

"The national grid will likely evolve Iinto
a battery charging service from about
2040
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Energy access, Renewables generation

Renewable Generation/Consumption
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The big challenge for the existing system

Rise of the ‘prosumer’
'End user that provides energy services’

Solar Settlement at Schlierberg, 2001
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Cars: 0
Carriages: 2

0% Cars
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1899
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1900

Cars: 2
Carriages:
53

4% Cars

IMAGE: UNIVERSAL
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IMAGES
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dia.org/wiki/File:EasterPar
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1904

Cars: 3 (1
EV)
Carriages:
28

10% Cars
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http://www.loc.gov/pictures/resource/stereo.1s07704/
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1909

Cars: 7
Carriages: 9

44% Cars

IMAGE:
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Cars: 65
Carriages:7

90% Cars
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The rise of cars
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Early data good at predicting trends

100%
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Percentage of new sales of electric vehicles in the UK

100.00%

9000% === Actual UK

—S Curve
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And in Ontario...
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Change in storage is happening fast and most work doesn’t account for this

United States China Korea Poland
2016 Capacity (GWh) W 2020 Capacity (GWh)

Annual Battery Production Capacity 2017 predictions
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Who said this?

‘The national grid will 4
likely evolve into a o
battery charging

service from about

2040’

Alison Andrew
CEO Transpower, NZ
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Travel habits
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Impact on grid

Power Demand (GW)

----- Base Load
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Impact on grid
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Impact on grid

----- Base Load
—— Uncontroelled Charging

——- Optimal Charging
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Practical implementation: pseudo-optimal
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Impact on grid

Power Demand (GW)

----- Base Load === (Optimal Charging
—— Uncontrolled Charging —— Psuedo-Optimal Charging
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Individual charging profiles

Power (kW)

Power (kW)
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Rest of the year...

Power Demand (GW)

Power Demand (GW)
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—— Uncontrolled Charging —— Psuedo-Optimal Charging
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California

Power (GW)

—— Uncontrolled Charging Base Load —— Controlled Charging
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Challenge or opportunity?

The ‘prosumer’ is coming...

Need to think through:

1) What will be the impact?
2) What value is created?
3) Who captures the value?

What about autonomous?

OXFORD
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Weekly Newsletter: http://www.renewableenergy.ox.ac.uk

Welcome to the weekly roundup from the Oxford Martin Programme on Integrating Renewable Energy.
View this email in your browser
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Clean energy around the globe

In the UK, £18bn Hinkley Point C has been given the go ahead by the government, subject to safeguards
to prevent Chinese involvement threatening national security. For more information, Carbon Brief have
compiled the media reaction across the UK.

Scotland launched the world’s first large scale tidal farm this week, with the first of four 1.5MW turbines,
beginning its journey to the waters off the north coast of Scotland between Caithness and Orkney.
Ultimately, Atlantis Resources hopes that the project will have 269 turbines and generate enough
electricity to power 175,000 homes.

In Sweden, Vattenfall have won a tender to bulld two offshore wind farms for $67.33/kWh, 20% lower than
the previous record. Low costs are supported by the location (close proximity to the shore in the Danish
North Sea) and reduced costs of foundations and transportation, and the project is anticipated to have a

Academics (Oxford and
other)

Consultancy and
Research (e.g. Energy
Systems Catapult

Industry (e.g. Ofgem, EDF
Energy, National Grid,

E.On)

Commercial (e.g. BP,
NEERD)

Global >20 countries
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Panel 1
Is Technology Disruption Driven by Economics?

Neetika Sathe
Director
Emerging Technologies
Alectra Energy Solutions Inc.

Thursday November 9 | Federation Hall | University of Waterloo
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Panel 1
Is Technology Disruption Driven by Economics?

Audience Question & Answer Session

Please use the microphones provided, thank you!
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Disruptive Innovation over the Wires: Business Models for Success
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echnology Innovation & Policy Forum 17

Presentations by Technology Developers

Speakers

David Teichroeb Paul Pauze Julie Morin Alif Gilani
Business Development Vice President Internet of things Head
Emerging Technologies Business Development & Sales Global Black Belt Team Engineering
Enbridge Inc. Innovus Power Microsoft Canada Energy Management Division

Siemens Canada

Thursday November 9 | Federation Hall | University of Waterloo



echnology Innovation & Policy Forum 20{7

Presentations by Technology Developers

David Teichroeb

Business Development
Emerging Technologies
Enbridge Inc.

Thursday November 9 | Federation Hall | University of Waterloo



Technology Innovation &
Policy Forum

Technology Priorities For Our Low-Carbon Energy Future

David Teichroeb

Business Development, Low-Carbon Energy Solutions and Strategy

ENBR’DGE Council for Clean & Reliable Energy — Waterloo University, Nov 9, 2017




ENBRIDGE

Life Takes Energy~

Smart
Thermal
Networks

Solar PV,
Energy
Storage &
CHP



ENBRIDGE

a) Reduce The Energy Needs, b) Reduce Fuel Used and c) Green the Fuel

Energy Efficiency in Buildings &
Processes

(40-50% Less Energy Needed)

80% Reduction in GHG
Emissions by 2050

SLIDE 76



ENBRIDGE

Life Takes Energy

Start With Empha3|s on Deep Energy Efficiency Improvements While
Maintaining Consumer Choice For Energy Supply

Today’s Energy Deep Energy Efficiency Measures
Conservation Targeting
Results
(Environmental Commissioner of
Ontario, 2016)
f/\f Ontarlo

SLIDE 77



Renewable Natural Gas & Power to Gas (Hydrogen) G ENBRIDGE

A Renewable Energy Option With Cost-Effective Storage to o
Complement Household Renewable Energy Generation

Renewable
Natural
Gas i

Organic
Waste
:.:I"—,'l' Creating
NE LT CENEY cnergy from

Gk’ Organic waste

-—
o ol

Home Waste

Heating Processing

SLIDE 78
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Takes Energy

Combining Solar PV With Combined Heat & Power & micro-CHP)

‘:‘ -

Natural Gas . =
e Heat
Electricity

Combined ' # = J
Heat and N ¢ S s
Power (CHP) & o7 "

The Grid

Right-Size All On-Site Generation & Energy Storage

Delivers improved GHG
reductions (seasonal balancing)

« Strong solar harvesting in spring
& summer

« mCHP more efficient use of
natural dgas (winter power
deman

Improved energy resiliency

Improves net-zero affordability by
right-sizing solar & battery storage

SLIDE 79



ENBRIDGE

Life Takes Energy

Natural Resources Canada Has Identified This As Dual-Fuel Thermal
Energy Supply Using Air Source Heat Pump (ASHP) and Natural Gas

Source: www.familyhandyman.com

SLIDE 80
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Life Takes Energy

EV Charging Largest Plug Load In Future; Fuel Switch Other Appliance
Loads to Renewable Fuel

» Cooking / Cloths Drying with
Renewable Natural Gas

« Savings ~ 50% to 60% verses
other renewable energy options

« Lifestyle / Societal Benefits

» Consumers reduce their
exposure to Time-of-Use rates

 Reduce need to oversize PV,
inverters, batteries, etc. under
net-metering

* Reduce home’s contribution to
bulk power grid system peaks

SLIDE 81
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Life Takes Energy~

Renewables, Energy Storage and Hybrid Heating Can Support
Virtual Power Plant (VPP) Capability Within The Community

LEGEND

X, Gas distribution ines
S, Unprocesses biogas
Ty, Heat distribution fines
\}\ Electrical grid

@ Solar heat panels

Virtual Power
Plant (VPP)

Dvagram for Mustrative
purposes only

AE
DIGESTOR TANKS

>
CLEANING
STATION

~
_—— Data & Controls Link ~

STORAGE

Original Source Image: CGA, “Natural Gas, our
Place in Canada’s Sustainable Energy Future

SLIDE 82



CENBRIDGE

Questions?

David Teichroeb - Business Development; Low Carbon Energy Strategies
(416-495-5355)
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INNOVUS
POWER

The Innovus Power Platform
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F |
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‘We make all power dispatchable’

Innovus Power Proprietary- All Rights Reserved — June 2015



[

600 900 71299
W “Sgp
Q\}\\\\\\\\\\\\\ﬂIIIII/////////////

rpm

KDSI gp-s70

)

Imagine your Car Engine Running at
full speed all the time...., even when
your stopped!

Generators run at one speed, 100%
of the time regardless of the load.

Innovus is about to bring Power Generation into the 21 Century

86

INNOVUS
POWER

Innovus Power Proprietary- All Rights Reserved- Sept 2015



Understanding Synchronous Generation
The foundation of electric power

Synchronous Generators are designed to only
run at ‘1 speed’ to control power frequency

Generator 60 Hz AC
First AC Synchronous
Generator
° H. hA
Synchronous Generation and today’s needs '©
= Poor fuel performance at <50% loads <
= Unable to effectively integrate renewables 52
0.2
2 2
= Limitations drives high system complexity g
5
= Large hurdles in further emissions reductions
Low | |
= Engine Damage <40% loads 100 50 40 0
% Power Load INNOVUS

POWER
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The Innovus Breakthrough

Decouple Alternating Current (AC) frequency
control from Synchronous ‘1 Speed’ Generation

How:

By using an Innovus enabled Power Electronics and
proprietary Software Controls

INNOVUS

88
Innovus Power Proprietary- All Rights Reserved- Sept 2015 POWER



Software and Electronics for Power Generation

* Low Cost

e Highly reliable

* Extremely efficient

* Proven & Bankable

*  Programmable and controllable

SolarPV

Why Not for Gen Sets?
| * Variable Speed Engine operation

* Enables Highest Engine efficiency

* Integrates 100% renewables

* Programmable and controllable

 Components Proven & Bankable

INNOVUS
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Innovus Architecture- the future of Power Generation

Variable voltage, Fixed voltage, Any desired
variable frequency AC fixed frequency AC output voltage
—
Permanent
Engine Generator
— —_———
"
Rectifier Inverter Transformer

Cat/MTU/Cummins Permanent
Diesel/NG Engine Magnet

=3 & , ~ Generator

W |

50/60 Hz AC

Variable RPM
Frequency/Volt

Power Hub

INNOVUS
POWER
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Diesel/NG Engine Magnet

91

Innovus Architecture- Unlocking the Benefits

Cat Permanent

Generator ||

-- . . A I

Variable RPM

F Volt
requency/Vo 50/60 Hz AC

Power Hub

Efficiency- Decoupling Engine Speed from Frequency allows the engine to operate
at Optimal efficiencies at all Loads

Power Quality - Producing Power Via converter provides 100% stable frequency
regardless of transients

Maintenance- Increased torque at low loads creates heathy engine operation
down to 10%

Renewables- Converter Generation allows 100% renewable integration

INNOVUS
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PowerBridge- Stabilization and Storage at the Source

Stabilizing Ultra
Load capacitors

Cat/MTU/Cummins Permanent
Diesel/NG Engine Magnet

Generator

t

m——)

Variable RPM 50/60 Hz AC
Frequency/Volt

Battery

Storage

Stabilization is unmatched

* patented integrated engine and DC Bus Energy balancing control

INNOVUS

92 POWER
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Benefits of Innovus Technology- efficiency

Fuel and Emissions Savings vs FSGs

. up to 41% fuel savings compared to low loading on FSG,
. up to 83% when paired with high penetration of renewables -WISE report findings

Reduced Operating Costs and Extended Operating Life

25% reductions in OP costs, and increase in engine life

Simplification and Flexibility

our industry leading fuel efficiency coupled with our ability to generate at nearly constant
efficiency from 100% down to 10% removes the need for multiple generator sizes with
all the related logistics advantages

Fuel & Engine Flexibility

Diesel or Natural Gas engines to manage 100% transient loads while maintaining
stable voltage and frequency

INNOVUS
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Benefits of Innovus Technology — Renewables/Storage

High Penetration of Renewable Energy Sources now or in the future
up to 100% renewables without the need for complex microgrid controls, flywheel or
battery storage for grid stabilization

Virtual Spinning Reserve

PowerBridge integrated technology allows 100% reserve capacity with engine off, zero
fuel burn operation

Low Cost Storage Integration

as storage for time shifting becomes economical, our Converter platform enables
seamless integration without the need of additional converters or complex
microgrid controls

INNOVUS

94 POWER
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Innovus Platform- Disruptive Generator Performance

A | P Svst Low Load Generator operating
High nhovus Fower systems zone with High Penetration Wind,

l / Solar, Hydro

Fossil Fuel Engine Off
Efficiency Capabilities
‘Synchronous Generator’ PowerBridge
Systems
*fossil fuel only configured systems
Low
100% 50% 40% 10% O

% Power Load

* Low loading 10% reduces storage requirements

* Innovus is highly fuel efficient at all power loads

e Capital needs drop by 60-70% compared to Battery based systems
* Perfect compliment for Renewables

INNOVUS
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Innovus Platform - Disruptive Capability & Simplicity

No need to operate multiple generators to manage Peak efficiencies

» VSG does the job of 3 FSGs
* Fleet simplification, reduced sku, training, parts

Innovus 590kW VSG

600kwW

300kw 150kw 0
Load
o INNOVUS
Innovus Power Proprietary- All Rights Reserved- Sept 2015 POWER




Microgrid
Management &
System

T ——
—_——
——
-_—
—

Multiple Size Fixed

Speed Generators
Today’s Remote

|
Power Houfe N

Status Quo- High Cost Complex Renewable Microgrid
MMS-MicnﬂController

Wind Generation

ao
LY
| =

. j
Parallel & Switch Gear

J—

I "'j‘
" .
Iy

||“| S "J

[ ~-

[N}

[l

(I

\  Grid Stabilization System- Storage + Transient

BESS Plus
Power Converter

Battery Energy |

\

Storage & Conve‘qter‘

+ Battery \

Management System; [F L0 [ L1
\

Transient Energy
Management )

| Power Converter
System E ;
i Flywheel Storage
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Utility Solar

Village Loads

Medium Penetration Renewables with Storage

Large Storage required for stability and low FSG
loading
BESS, BMS, TEMS & MMS extremely Costly
5-8 Vendors, system custom built at site
Who owns power delivery?
High Cost, High LCOE
Complex system

INNOVUS
POWER




Innovus Enabled with High Penetration Renewables

100% Renewable Integration

Innovus Power Hybrid Microgrid \/[ \ff \/[ \[[ \/[
Platform With Power Bridge

___DemandGenius E . _ - -
- Master Controller L E ) E ) E ) E '

VSG Engine/Generator Power Converter

Village Loads

I
i Future Storage
|

Y - R f— -
EEE BEE EEE EEE

| A23 TI‘:.—'_ 4 EE

Batteries

Innovus Microgrids deliver the lowest LCOE and Emissions

INNOVUS
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WISE Follow up and Comparison to WWF Report

Renewable energy solutions for the Canadian Arctic

“ UNIVERSITY OF
RS WISE “4™ %Y WATERLOO
RENEWABLE ENERGY DEPLOYMENT FEASIBILITY STUDIES OF
IN CANADIAN ARCTIC VARIABLE SPEED GENERATORS =
2 FOR CANADIAN ARCTIC
PHASE II: FEASIBILITY STUDIES g COMMUNITIES
REPORT ON SELECTED COMMUNITIES —
OF NUNAVUT AND NORTHWEST TERRITORIES -3 .
e WISE completed follow up Study utilizing Innovus Power technology
e Results are Convincing
INNOVUS
99 POWER
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Innovus — Optimal results

The Innovus System with Renewables cuts Fuel Burn by 62% Vs Business-as-Usual (BAU) and
Superior to Synchronous Generator Based Microgrids

N Total Net Present Cost for 6 Communities % Improvement Net Present Cost Vs
In addition to NPC and Fuel Cost . Vs Business as Usual (BAU) Business as Usual (BAU)
Superiority, the Innovus Advantage 2 <500 2 a0%
. o o)
includes: R 3400 g 3%
3] = )
e Upto 30.37% more GHG 3 2300 S 25%
Reducti g $200 £ 20%
eauction 2 $100 § 15%
— Q. 10%
3 ¥ RE = o
X 0%
* $56M Less NPC ° BAU RIFf’lw/Zyr;:h w/Innovus RE plus Synchr RE plus
us ba System plus Batt Sys Innovus Sys
e $67M Less in fuel m Total $437 $347 $291 m Totals 21% 33%
]
?’392 kW more Renewables Total Cost of Fuel for 6 Communities % Fuel Burn Improvement Vs Business
integrated o as Usual (BAU)
T $450 c
> $400 2 200
«  385kW less generation capacity 5 ?88 3 0%
. 250 50%
required o %200 = 0%
g $150 S 300
& $100 £ 0%
* No Storage required unless Time s $$50 S 1o%
- Q
. . [a} RE 0%
Shifting can be economically SAU REw/Synch |t E RE plus Synchr RE plus Innovus
jUStiﬁEd Plus Batt System plus Batt Sys Sys
B Seriesl $407 $223 $156 H Totals 45%
INNOVUS
100 POWER
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T —
The Market: Large and Growing Rapidly

Generator Sales (‘17 & ‘20)
(100kW to 25MW)

| 2016 (Estimated) | 2020 (Estimated) l

Market ‘22
S100 Billion

Market ‘17

S52 Billion

Multiple Addressable Verticals

Communities C&l Mining Oil & Gas  Construction Military US & EU Grid
ﬁ | y r— T i - 1
INNOVUS
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The Revolution in Power Generation starts in 2017

Northwest Territories Power Corp is replacing their Synchronous Generation
System with the Innovus Power Platform in Aklavik, NWT Canada

Peak Rating: 590 kW Prime Power

Installation: November 2017

System Configuration: Diesel Generation with Solar
Solar: Low Penetration 1%t Phase

Planned Renewable additions: Solar will be added to full Penetration as funding available

INNOVUS

102 POWER
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INNOVUS
POWER

The Future Backbone for Distributed Power

Thank you
Paul Pauze
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Julie Morin
Solution Sales Professional — Julie.Morin@Microsoft.com
|OT Sales Lead Canada- Global Black Belt Team
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Innovation at work — real world loT use cases

> =

Street
sweepers
H ”
-
- o]
Dogs m
Power plant
! B
am
Trucks
Elevators
Postboxes

Smart meters

Microsoft Confidential

Aircrafts Cows

Auto

E A Oil equipment
Buses ?

Internet
of Things

)

aad

Factory floor

Oil distribution

P

Power tools
e
Surveillance 0
ﬁ Engines
Smart grids

Tmm
=]

Electric
Fryers charging
stations
o g
machines

Buildings

Racing
A
% Vaccine
Mining dispensers
equipment
~

Medical devices



Microsoft Confidential

loT is already delivering tangible results
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_eading organizations empowering
their businesses

Turning Data into Insight at | Operational Insights from Data processing at massive
massive scale untapped resources

- b -\ © N =
TransAlta was looking for more effective and scalable A large Canadian based heavy equipment dealer wanted NavCanada is Canada’s Air Navigation Service
ways to turn the massive volumes of data they capture to do was help their clients improve efficiency and Provider, managing over 12 million aircraft movements
from their power generation facilities into insight. When utilizations of their operations. They have access to a vast per year over a territory of 18 million square
you are dealing with the volume and velocity of data that amount of data from machine sensors on their customer kilometers. NavCanada is leverage loT and advanced
is present in the power generation industry, you need a fleets, so they leveraged 10T and advanced analytics analytics capabilities to derive new and innovative
highly scalable data infrastructure — which is why the capabilities to build a digital service around this data. then  insight from the aircraft they monitor and guide safely
Azure cloud was a perfect fit for TransAlta's roadmap. offer to their customers this in addition to the physical through Canadian airspace at massive scale.

assets themselves



Azure o1 Suite<

/‘

Device Connectivity & Management

|f,f Data Ingestion and Command & Control

@ Stream Processing & Predictive Analytics

@ Workflow Automation and Integration

Dashboards and Visualization

ol
D

OCC; Preconfigured Solutions

——— <» Remote Monitoring

— [f Predictive Maintenance

——— @& Connected Factory (new)



Benefits of Azure loT Hub

Designed for loT to multi-scale Operations Monitoring
« Connect, monitor and manage millions of devices « Monitor device connectivity and device identity management
Security events

« Provision by Location, Customer, Applicatiol
- Set firmware and twin state
« Zero touch provisioning

 Individual device identities and credentials
Per-device security keys
Device Identity Composition Engine (DICE)

Hardware Security Modules (HSMs) Connection multiplexing
X.509 via AMQPS/HTTPS/MQTTS « Single device-cloud connection for all communications (C2D,
D20C)

Multi-protocol
« Natively supports AMQR HTTP MQTT
« AMQP/MQTT over WebSocket
« Designed for extensibility to custom protocols

« |P Filter to reject/accept specific IP addresses

Cloud-scale messaging
« D2C, C2D, File transfer & Request/Reply methods
 Durable messages
« Device management: twin/methods/query/jobs

« Declarative message routing Multi-platform
Cloud-facing feedback « Device SDKs available for multiple platforms (e.g. RTOS, Linux,

el ot red Windows, i0S, Android)
- |yery eCEp S.' ex.p|re ME55a9es « Multi-platform Service SDK
« Device communication errors



Azure |oT: Ready for the enterprise

Secure Fast Open Yet:1F] o] [
End-to-end Start in minutes » Connect anything Grow effortlessly
From the endpoint, through the Millions of devices, terabytes of
connection, to data, applications, ~ Preconfigured solutions for the Any device, OS, data source, data, on-premises, in the cloud,
and the cloud most common loT scenarios software, or service in the most regions worldwide

Things Control Insights Action

From endpoint to insight to action, across the enterprise, and around the world

@ Recognized as a leader in Business Intelligence and Analytics Platforms

.  Recognized as a the leading visionary for Internet of Things platforms

é_ﬁ_ Built on the industry’s leading cloud (Q)




When everything is digitally connected, how can you
leverage the data that is available to ...

Reduce Optimize Improve air,
energy Building water
consumption Utilization quality,

Real Estate and Facilities



Schneider Electric uses Microsoft Azure |IOT https://youtu.be/-BjV5Xf2QK4 B8 Microsoft



>i@s Solutions for Energy Smart Buildings

all Energy Consumption & Tracking

TS
A Real-time Fault Detection

,// [{f’l flll" f’l’“ !;",Z; T 7 {L. ! ’”,, .\.{- ! " { I / ".‘ Advanced
fidi i B il i I Analytics

il (M, PN (| Solutions for
| i 7 Energy-Smart
Buildings

=3

Visualization & Dashboards

EBUPIEED el AL
f1741) (VRSB /
bV /f ”xr’ f_,:-,‘ |

& 0T Connected Solutions

gz //f" Mf Lihhi /f‘
7% ” /’I’ ;l T |

A complete, flexible, cost-effective approach to Digital Transformation



>ig§?7:s Microsoft Energy-Smart Buildings

Universal Connectivity
= BACnhet
= Siemens
= Alerton T
] Modbus :)‘ZVB'TP%'B”i""“g 218,496 PHZ..?G
= SquareD s o
PowerLogic
= SNMP
= Generators, PDU,
UPS

F

Open Trend pen Trend
31745.01 54.20

- .--a——_

= Microsoft
5 i

Real-time Dashboards

Energy Reporting ¥ 5 S mart
Fault Detection & Diagnostics = .

Condition Based Maintenance — | BU ||d | ngs

Mobile Solutions ' ' Redmond, WA

© 2017 ICONICS, Inc.



Top Performing Buildings by BPI
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Typical System Infrastructure

- Access every fixture, optimizing time and lights levels
- 2-way communications, including statuses and metering

«  Enhances AMI mesh networks

« Provides a common communication infrastructure

LE D or other

[ 1]
~ Signal A
—
4D LED or other
BLE
Camera %2~ BEACON
\/ ' (patent pending)

Transformer
'#°N\® monitoring

Radio

Gateway

* Remote access

* Advanced scheduling
+ Data logger

* And much more...

=
d ”F « Sewer Le
 Parking stall
R ey Sensors < Motion
+ Graffiti
* Panic Button
N =N N * Etc.

| | |
Water Gas Electric Dim.ﬁﬂ

e and Facilities



AQric

Jlture

world’s avai

A snri

| 5”&%

[OW

A

A

uses /0 % of the
able fresh water

supply with a
mand’increase by

5 % In the next three decades.

B Microsoft

Microsoft Confidential



Video — https://youtu.be/Tjh1qJu9_zk “m Microsoft
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Our approach to digital transtormation

Research Plan Adopt
Envision Prioritize Measure

Design Produce Realize

>\ >\

Imagine and envision the Build the desired state Business value and

art of the possible through to get from where you outcomes delivered that
business, technology, and are to where you result in business
experience perspectives in desire to be. performance

parallel. Improvement.

Microsoft Confidential
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The world is now a network. Operations are transforming.
How do you harness the power of
digital to ...

Increase agqility Innovate faster Serve your
and reduce for competitive customers in
COsts? edge? new ways?

Microsoft Confidential
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Centralized — Unidirectional =
Decentralized Bidirectional

m

2 il

Gas transport

Gas
supplier

e

Gas station

|_g®

9

Gas distribution

e.)) rSmart building and
thermal storage

o

Biomass

LY . Yo
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Microgrid controller

@9)

Microgrid
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Rivate wind /
solar

Diesel
generator
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SOH
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Controllable
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NN
Offshore Gas storage Heater, chiller, e
wind park Combined (cooling) - heat station e.))
heat and power @
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e 6 .)) 1 Thermal E I a - Storage solutions
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Onshore Pumped hydro DIStr}Ct .
wind park Onshore e.)) heating cooling
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— Large scale N\ N 6")
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Capacity Source to Load
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Public/Pri
Additions (Public/Private)

5 Refurbishment/

Upgrades

Electrical

) [ o e
H <) J5

Building / data center
Nanogrid
DC grid
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Value Propositions

Increased Reliability
Reduced Energy Costs
Improved Grid Resilience
Lower Emissions
Enhanced Control

Financed Solutions

/0

+ - Electrical

Storage solutions vehicle
€ 6.)) infrastructure
I '.E.l

9 L
Controllable I |
transformer II 6.)) E @
L]

Building / data center
Nanogrid

|;| I |;| DC grid
eoff] ool




vl iAWl IH il Wil lllTwiiAllIVIl 111 All

sectors
Heading towards an all electric
world

Other (e.g. heat)

49%

Mobility

PV 30%

Wind Renewables Huge potential
- and distributed for further
Biyomass power gene- electrification

ration grow
- Gas above average

Share of renewable power
~30%

Source: Siemens Energy 2020 Project 2014 — Base Case Scenario Source: umweltbundesamt.de/Arbeitsgemeinschaft Energiebilanzen, status 7/16; IHS



Global On-shore Wind Potential

<2 Global Mean Wind Speed at 80m & 3TIER

W
i3

Ireland: >60% wind power on 10.1.2017

Ireland breaks record for wind- 0=
generated electricity j

It meant that the majority (60opc) of energy usage throughout the
night of 10 January, and into the morning, came from wind. Better
still, excess wind electricity was exported to Great Britain via

interconnector links to Scotland and Wales. Hepceysiapadopatice [ maidfescmicet T g
https://dupontconsulting.files.wordpress.com/2012/01/3tier_S5km_global_wind_speed.jpg
https://www siliconrepublic.com/innovation/irish-wind-energy-record



http://www.siliconrepublic.com/innovation/irish-wind-energy-record
http://www.siliconrepublic.com/innovation/irish-wind-energy-record

Global Solar Energy Yield

solargis e - Saudi Arabia’s 300 MW solar tender

Ptpiisolaris info < - may conclude with lowest bid ever
Long-term average of: Annualsum <700 900 1100 1300 A consortium formed by UAE-based Masdar and French energy giant EDF
‘_ ' has offered to deploy all the tendered capacity at a LCOE of 0.06697 SAR

35 ($0.0178) per kWh. In addition, seven of the eight bids were under $0.03 per
*~  kWh. The tender’s bidders will be announced by the end of January 2018.

https://en.wikipedia.org/wiki/Photovoltaic_system#/media/File:SolarGIS-Solar-map-W orld-map-en.png
https://www.pv-magazine.com/2017/10/04/saudi-arabias-300-mw-solar-tender-may-conclude-with-lowest-bid-ever/

Dailysum <20 25 3.



http://www.pv-magazine.com/2017/10/04/saudi-arabias-300-mw-solar-tender-may-conclude-with-lowest-bid-ever/
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Use Cases — Why build the Microgrid?

Grid Edge / Offgrid Load Feed

= Remote / Islanded Communities
= End of Line rural area feeds

Transmission & Distribution Capital Deferral

= |Infrastructure for load extension is expensive
= End of Life Asset Replacement cost

Resiliency Play — Outage Management
= Critical Infrastructure — Military Bases, Hospitals, Emergency Services

= Force Majure — Natural Disasters: Floods, Lightning, Hurricanes, Snow Storm

Ancilliary Services

= |n non islanded scenarios — using DERs for Volt / Var Optimization
= Frequency response

= Spinning reserve R

Carbon Tax / Cap & Trade Solutions

= Utilizing microgrids with renewables to reduce carbon tax

Regulated Utility Business

= NPV Analysis — Recovering Against Rate Base
= Regulator Restrictions — owning DERs
= Revenue Erosion

Non-Regulated Utility Business

= New / Alternative Business Models
= Microgrid as a Service (MaaS) — PPA Agreements
= Own, Operate, Maintain (OOM) Model — DERs + Infrastructure

Demand Response
= Using DERs for grid peak demand shaving / shifting

= Energy price arbitrage
= Conservation Programs — e.g. Negawatts
= Gamification

C&l Play

= Using PPA agreements for resiliency solutions

= |slanded operations of power critical industries ‘ R
Diesel Offset

= Reduction in Diesel Consumption R

LEGEND ‘Utilities 'Industry R Remotes C End Customer
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Siemens Offering — DER Portfolio

WP EM / PG / PD Scope 34 party Scope
Scope Wind Generation Solar Generation Biomass
o' Storage . .
i ( ) I ) I ) SlEstorage? v &
I : I I 7 UDD " Hydrogen? \ i
7 CAES?3) N\ > AL 4
& N\, / /
N, V4 .
PG Diesel Generators / Microgrid HMI
Scope CHP DER Controllers !‘ g

Controller

N B
=

Ethernet Switch lTI; |‘*“|4
| |

Open ADR
Demand Response

EM MS Distribution System
Scope within the Microgrid

L1t [

I
EM LP BT . ]ﬁ
Scope M M --P . Scope Scope
e i &‘

Sunverge EV Charglng Building Automation Grid / Utility

-~




PSS DE — Energy Twin
Technical and Financial Analysis to
Build Your Business Case

Gt n Y

= 0 12 =
it Dge e S ,y‘,‘.‘ ity \v:; ‘} o

x It)e;all.edlv;st:allzatlon, analysis and export of all Financial cockpit for PPA
A echnical data structure, debt, IRR, targeted

e et e ROE, LCOE....

' |l e ———
.......................... |
= e
. . . . . Financial cashflow for
Comparision of multipe configurations e . .
oo - e specification confguration
HEEEE | EaEEE
o v o) e oom)
; t



IRENE Project — Wildpoldsried
15t Microgrid of its kind outside the

laboratory! 5X

LOAD

- = User Interface

Off-Grid Mode (Microgrid) 00 @))))) P ﬁ Wildpoldsried
))))) SICAM ! R :
o | "-J 82" -', ’ E

o= Microgrid Controller t:CBZ.:

A

Giinzacher
Str.

Diesel-
generators

]
' Station
\ SalzstraRe

N—

Kinder-
garten

Battery PV/Load Simulation
Storage Load !

System mmmmm Bank oo

Turnhalle/
Wertstoffhof g

-

L ®

- Spectrum Power 5 ANM
Salzstra

T = | 'ﬁﬁ On-Grid Mode (Ancillary Services)

Backup Generator,
500 kVA

Diesel Generator with Vegetable Oil
Operation, 90 kVA

Load bank, 0 — 150 kW
controllable

Controllable Distribution
Transformer, 3 steps, 400 kVA

Battery Storage,
240 kVA ,160 kWh

Transformer Station

Intelligent Transformer
Substation, 9 steps, 400 kVA

Inverter Coupling, 500 kVA

Microgrid Controller

Active Network Management System

Communication



Agenda

Macro — Global Trends

Micro — Use Case Analysis

Distributed Energy System Solutions




3 Essential Grids in Context of an
Energy Cell Concept

Electricity (transmission) grid
Digital Grid

’ Cells negotiate energy
7 exchangeamong
s themselves (peer-to-peer)

Energy cells can be
Community
Factory
Power plant
Dedicated storage facility

Energy cells contain
=Power generation
*Thermal and gas grids
=Energy storage

*Power-to-X (-value) f
Dynamic load control

f ICT, self-organizing,
self-healing intelligence

=Resiliency




loT Operating Systems to manage
Infrastructures
Example - Mindsphere

Operating System of Infrastructures

Siemens Software and Digital Services Energy Fleet
Trading/ Railigent Car Sharing T . Your App
Blockchain g
Fault Demand Leak
Intermodal .
EneizVig Detection Management Detection eCar ST Traffic Traffic Sy
Charging & Management PP

Management

MindSphere - the cloud-based, open loT operating system

Microgrid and transportation — electric devices

~‘“I"

# r € g B Brea B & ==& A =

Holistic IT Security Concept



Outlook

More Wind- and PV, Electrification, Distributed Energy Systems

Sector-couplings and Energy Storage increasingly relevant

Digitalization key enabler (simulation, operation, market integration)

Emerging Sharing Economy concepts for Prosumers

Artificial Intelligence gainingmomentum




. IEMEN
Contact Information i

Alif Gilani

Siemens Canada Limited
Head of Engineering
Energy Management Division

1577 North Service Road East,
Oakville, Ontario L6H OH6

Mobile: (289) 208 2461

E-mail:alif.gilani@siemens.com
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Standardizing the Microgrid Solution —
Microgrid in a Box!

Microgrid in a Box Solution

Battery Energy Storage System (BESS) Inclusive of:

-Battery Management System (BMS)
-Inverter — SINACON

-Battery Racks

-Microgrid Controller Panel

-HVAC

-Fire System

-Distribution Panel




=

Microgrid Show Case and Test
Laboratory, Erlangen / Germany

Built-in equipment for “electrical” microgrid:
\\\ quip g
TT\ \\\\\\ ¢ Diesel emulation (synchronous generator)
T e Battery storage systems incl. inverters

¢ Adjustable loads
¢ Inverter-based emulation systems
e Controllable distribution transformer

o Circuit breaker

¢ Synchronization and protection relay

UL

Emulations

o = (oo

= R R




ssoe: Proven economical distributed
energy designs

= Siemens provides an integrated
approach to evaluate the technical
feasibility under consideration of
economical expectations

* To define an optimal, flexible and transparent
solution Siemens developed PSS® DE to
support planning processes from the existing
system to the final optimized system design.

* This approach supports decision makers to
ensure profitable business development based
on technical resilience

4% Y% o

Collect & Predict System structure Integration
planning & evaluation & Implementation

Optimized
system design

Network

analysis

Generation
analysis

Performance
based offering

System
definition

Supply portfolio Technical and Safe, secure & cost efficient
& load development economical KPIs energy supply



PSS DE — Energy Twin Snap Shots

| Project | Resources | Equipment

V| show frame lines [V Show names

Component Library

Component type

Topology | Simulation &Dispatcher | Searchspace | Run Simulations

V| Show descriptions

Library component B

GenSet
GenSet
GenSet
Turbine
Turbine
DualFuelGenset
DualFuelGenset
CHP
CHP
CHP
CHP
GenSet
GenSet

4 Photovoltaic Systems
ImportedPV
InternalPV
InteralPV

4 WindTurbine
WindTurbine
WindTurbine
WindTurbine
WindTurbine
WindTurbine
WindTurbine
WindTurbine
WindTurbine
WindTurbine
WindTurbine
WindTurbine
WindTurbine
WindTurbine
WindTurbine
WindTurbine

4 Energy storage system
ESS
ESS

4 Battery
LithiumlonBattery
LithiumlonBattery
LithiumlonBattery
LithiumlonBattery
L

4 Conventional Generators

ABC_2500kW,_diesel V2
CAT_1250kVA_diesel_V6
Cummins_640kW_DFHB_diesel_V4
24 SGT 700 CC_LNG_V1Draft
ADTG Trent60_LNG_V2
GenSetd320kW_VL

Hyundai_3500KW_VL * Component library with extensive data base

DresserRand_1200kW_1200kV

DresserRand_800IGN, 950K for power and heat components
* New components can be added at any time
SoT AN ot * Choice of Control Strategy (PLC based, 24h

Jengmcher 330kW _370kW th
Jenbacher_635kW_790kW_th,

Wartsila_20V325G_DRAFT
forecast Optleathﬂ

Default PV

TSM_305P14A_SMA_800CPX]

TSM_305P14A_SMA_30TL

EWT_900kW_DIRECTWIND 52-900_V1
EWT_S00KW_DIRECTWIND 54-900_V0
NorthemPower 100kW_NPS100C-21_V0
NorthernPower_100kW_NPS100C-24_V0
Siemens_23MW_SWT-2.3-108_V1
Siemens_3.0MW_SWT-30-108_V1
Vergnet

Vergnet
Windflow_500kW_500-33_V0
10MW Wind Park
Siemens_3.6MW_SWT-36-130_V1
XANT_L-33_340kW_VL
XANT_L-44_340kW_VL
XANT_M-21_100kW_V1
XANT_M-24_100kW_V1

Default ESS with container V4
Default ESS without container V4

LG_Chem_1C_JH3_R800_M4863P3B_V1
LG_Chem_2C_JP1.V3
LG_Chem_2C_JP3_R800_M4864P6B
Samsung1C-1925 V3

-1925 V2 24|

[Load background image | [Remove background image | Background opaity ) Fitin view ]
Scale background {
+l R
. . m
Highly detailed models for ro— = s —
——

each components to provide
realistic digital twin of
energy system

= | e

Il Sateof Charge [
Grifemning focto [l
Sho

—
Fuibes factizn
M chaige et 12]
M State of Charge
pr——)

Cpeuationallsees 4]

e ofday s (V4]

L———

Setpeint SOC

* Topological view of system
¢ Multiple bus bar (coming soon)

Churing Incarsetenes i in Eure ¥40H]

et chargin incemtiv i (s EAN]

¢ Load background image for spatial asset

visualization

arging ncersion 3




Input tab offers extensive possibilities

Project | Resources | Equpment | Topology | Smulation &Dispatcher | Searchspace | Run smulations

Time series
Generate weather data | [Add time series | [Export time series | |Remove time series.
Name [ Tvo | Unit | Scale factor [ Additi Time step (<) |
LoadProfile Power . . X 200 | |
PV for replacement cost nemedog TiME series for : 28314 . .
[56.930000 N, 113450000 W] Direct radiation weaton | ¢ Solar /Wind irradiation 50 Automatic generation of weather data and
(3520000 N, 113.450000 W) Difse rodation.  Imadiation | o (=] price 50 irradiation or import of PVSyst files
[56.930000 N, 113450000 W] Ambient @rperctureFemperstor 3500
* Temperature -
[56.930000 N, 113 450000 W] Wind speed windaspeed| ®  LOAds (Elec. and heat) oz 0 Build-in Tool for detailed visualization
0 of time series
LoadProfile_corrected Power 900
Statistics

Time series: LoadProfile_corrected (unit: kw)

Maximum scaled (unscaled) 152.12 (152.12)

Easy visualization of data

AUULOSL | | KEIOVE LUSL | | AU IUE | | KEITIOVE 1UE1 | | SdVe W irary ... |

150
15
- 100
|
s 75
9
E
= 50
25
0
Fuels
Name | Density (kg/m*3) | Annual multipliers | Lower heating value (M)/kg) | Carbon content (%) | Quantity available SuNul(unl=n|(%)|Unil|
Diesel 830 - 43 28 100000 033 [T
HFO 990 406 52 100000 033 kg 06
Gas LNG 740 49.11 1 100000 1 kg 06

NaturalGas 0.74

49 1 le+08 1 I 000015

©————| density, sulfure content...)

* Fuel type and characteristics (Heating value,

* Fuel price




PSS DE — Energy Twin
Microgrid Simulation Process

Electrical + Thermal
PSS

Scenario 5 Sensitivity analysis
(Fluctuating/Development of parameters)
Scenario 4 Optimization, active
Optimized + Assets

Scenario 3 Optimization, not active
Not Optimized + Assets
Scenario 2 New resources -
Sizing Sizing no optimization
Scenario 1 No optimization,
As lis — not optimized As-is state




Results of simulation for Remote

CAD 800k

NPV of project compared
to current system

119% =\

—
—

Fuel consumption =

2% %,

Renewable Energy

community

=

\ /
Operator \’:
Station .-
ae SICAM

External Data
(Weather...)

P‘h + S8

A\ 1\ N
PV Storage Diesel Electrical Connection
207 kWp 169kW Li-ion 245kW — Communication



Multiple configurations compared to
baseline

750

245 kW 0 kWp 0 kw 144472
TER 2askw 35 kWp 0 kW 1718 145335
R 2sskw 69 kWp 0 kW 1798 146197
245 kW 104 KWp 0 kW 1877 147060
FEER 2askw 35 kWp 85 kW 1777 148310
245 kW 69 kWp 85 kW 1858 149172
VO 2as5kw 104 KWp 85 kW 1936 150035
245 kW 138 kWp 169 kW 2077 153872
245 kW 173 kWp 169 kW 2155 154735

245 kW 207 kWp 169 kW 2236 155597
245 kW 242 kWp 169 kW 2315 156460
245 kW 138 kWp 254 kW 2136 156847
245 kW 173 kWp 254 kW 2215 157710
245 kW 207 kWp 254 kW 2296 158572
245 KW 242 KWp 254 kW 2374 159435



Recommended solution based on NPV,
LCoE, Renewable share and fuel
consumption

1000 -

800 -
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200 -+

N
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Average amount of Renewable Energy
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15000

Levelized Cost of Electricity

N
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Fuel consumption
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BESS and microgrid controller allows
high penetration of Renewable Energy
. in I\/Iicrolgrid .

150 [ : '
G (2l power set point (k']
— P% (ally available power [kiw]
I __.— —— BTR {all) energy cantent [kwh]
125 L J 48 L‘ —— P (all) power set paint [kiw] 17
] Renewable (a1 curtailed power [ki]
FL (all} requested load [kiW]
100 ‘I‘I_L‘ L 1%
— : =
% i ‘ _. . | 45 E
‘ — 70,4416 [k
= - . L
w | Excess PV energy BESS discharged Jan
curtailed DG are switched on
25 [ ’ L] BESS full enough to sustain 115
| a grid forming
———— DG are swichted off — _
o 1 1 LL cl 1 —I—‘ 1 1 R e | o
05:50 10:00 14:10 18:20 22:30 02:40
05407401 0540701 05/0701 05/07/01 05/07{01 06/07{01

Drate



Siemens’ customer centric approach,
combining several portfolio elements

to an consistent landscape

Real-Time Monitoring Reliability Market Interaction
= -,._.".l I'. 1 Fi I -

DESS/ Energy twin Monet SICAM Microgrid Controller Spectrum Power 7 MGMS
* Determination of * Real time data collection * Rule based algorithms * Generic algorithms
— Optimal portfolio mix ($/kWh) ¢ Visualization and benchmarking * Electricity only * LINUX based
— Sizing * Simple control modules * Islanding of local network * Monitoring and control
* Scenario simulation * Resynchronization * Optimise energy mix
* Stability check * Load shedding * Generation and load forecasting
* Protection setting * Automated generation control * Optimal unit commitment

* Interact with the market

* Integrated simulation tool chain  * Monitoring * Enabling off-grid operation * Focus on off/ on-grid
for determination of optimal * Performance monitoring and without interface to external applications with market
portfolio mix benchmarking communication interaction
* Performance contracts, SaaS * Cloud enabled * Local installations with advanced

functionality
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College benefits
from Siemens comprehensive Energy

4MW

Energy Centre '
(Cogeneration) ’ P - » L
o 1ha ¢ Ii il
| mumlll- I
", .‘: Lf, .

200 kS

annual savings through
DG Control integration

Replicability



Intelligently managed distributed energy resources: optimized

low-carbon microgrid on Native American reservation Blue Lake Rancheria

W/

4 ® 60O
[AAAARM
partners: successfully
managed ecosystem

1MW

Indian reservation
powered by Microgrid

150 tons

carbon reduced
per year

S5M

grant from California
Energy Commission
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Company: Microgrid Controller
integrating Low Voltage Distributed

10MW

combined solar power
from residential roofs

1500 & s

integrated into active load
management

3605

reduced from annual
energy bill per customer
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SIESTORAGE

enable stand alone electricity for a
renewables integrated micro erid
10-15%

Oil / CO2 savings

Reliability

...Performance and
reliability of control is very
high and consists reference
for future projects. Can be
considered as business
excellence...

ENEL, Customer




Brooklyn Microgrid

About us: We are a team of energy services professionals
including engineers, software developers, analysts and makers
who are dedicated to building out a resilient, clean and

; srooK Ly N renewable, locally generated microgrid in Brooklyn, N.Y.
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Operation in a Nutshell

Net-load to serve

Min 3 cost
—or-

T 1 Min ¥ emissions
000 00 0:00

Load and Generation

Schedules
A Microgrid

Optimization
Module

Weather Data Feed
/ Renewable

o Generation
Grid price Forecast

Generation Control

Historical Load and
Generation Data

Control Commands



Day-ahead Forecast and Scheduling
based on Optimization
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Value of MGMS Optimization — Campus

Simulation

Base Case Scenario 2: CHP Scenario 3: CHP & MGMS
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Full CHP utilization — Savings through
maximum CHP utilization and simple MG
controller without optimization

Simple campus energy model —
Entire Campus is supplied from the
grid and thermal load is provided by
a gas powered plant.

Energy cost: $2.2M per year
Savings: $800K per year

Energy cost: $3M per year

Considering all equipment technical data, estimated ROI for microgrid manager depending on microgrid size, electricity, and gas prices is 2 - 4 years.
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Microgrid optimization — Additional savings
through optimizing energy intake from
either CHPs or grid with the MG manager

Energy cost: $2M per year

Savings: S1M per year
$200K additional savings due to MGMS
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Thursday November 9 | Federation Hall | University of Waterloo

Lunch

Explore the Innovation Showcase, located
at the back of the Hall and Outside!
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echnology Innovation & Policy Forum 7

Disruptive Innovation over the Wires: Business Models for Success

Thursday November 9 | Federation Hall | University of Waterloo

Lab Tours

For pre-registered guests only, thank you!
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echnology Innovation & Policy Forum 20{

Panel 2
Financing Business Models: The Good, The Bad & the Ugly

Moderator
David McFadden
Counsel
Gowling WLG (Canada) LLP

Speakers
Ron Dizy Colin Kelleher Michael Nobrega
Managing Director CEO Chair of the Board
Advanced Energy Centre Kelleher Group Ontario Centres of Excellence

MaRS Cleantech
e

Thursday November 9 | Federation Hall | University of Waterloo
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echnology Innovation & Policy Forum 17

Panel 2
Financing Business Models: The Good, The Bad & the Ugly

Audience Question & Answer Session

Please use the microphones provided, thank you!

Thursday November 9 | Federation Hall | University of Waterloo
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Disruptive Innovation over the Wires: Business Models for Success

Thank you to Our Supporters
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Disruptive Innovation over the Wires: Business Models for Success

Thank you to Our Innovators
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Disruptive Innovation over the Wires: Business Models for Success

Reception

Please join us for drinks and hors d’oeuvres as a
thank you for your participation
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