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Disclaimer

This document is provided for informational purposes only. Anyone who uses this
document is responsible for determining whether or not it applies to his or her activities.
At no time will BBA or the author be held liable for any error or omission that the
document may contain or that may result from its use.

The information contained in this document is the proprietary and exclusive property of
BBA Inc. except as otherwise indicated. No part of this document may be reproduced,
stored, transmitted, or used for design purposes without the prior written consent of BBA
Inc.

The information contained in this document is subject to change without notice.
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Business Challenges

The manufacturers of high-tech computer servers are under substantial pressure to meet
new demands in the market. New data centres are subject to heavy economic
pressure because they must be secure, reliable and efficient while permitting rapid
growth in terms of capacity. As such, the challenge is not restricted to optimizing the
capital expenditures to build these data centres: it also involves optimizing their
operating costs.

The cost and availability of power, political stability, confidentiality and privacy laws,
environmental and social risk, quality of the workforce, and quality of network
connections are but a few of the crucial factors to be considered when choosing the
location of a data centre.

Moreover, weather conditions have a significant impact on the choice of a data
cenfre’s physical location given that certain areas are more exposed to natural
disasters (hurricanes, tornadoes, earthquakes, flooding, etc.). The location of a critical
data centre must therefore be carefully considered, as it is not just a building filled with
hard drives, but a massive infrastructure housing the servers needed for the day-to-day
operation of governments and corporations.

Site Selection Criteria

A data centre has a useful life of 10 to 15 years on average, during which time a
number of upgrades are required due to increased power consumption. Since the rise
of the Internet, the multiplication of data centres has been exponential, leading to
challenges inherent to the control of air conditioning and, in particular, power
consumption.

Cushman & Wakefield present 10 criteria for measuring the risk index of data centres in
their study entitled “Data Cenftre Risk Index 2016" [1]:

e Energy costs
e Energy security
e Environmental sustainability

e Internet bandwidth
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e Natural disasters

o Ease of doing business

¢ Corporate tax

e Political stability

e Gross domestic product (GDP)

e Water availability

Based on this study, we will show that Canada—and the province of Québec in
particular—possesses humerous desirable traits for data hosting and colocation centres.
It is among the most developed international poles in terms of data centre potential
and security. This document provides an overview of the competitive advantages of
Québec over its southern neighbours.

In fact, according to The Globe and Mail [2], Canada has a wealth of cheap electricity,
low cooling costs thanks to the country’s climate, competitive corporate tax rates, and
political stability.

Our country ranks sixth worldwide in terms of capacity to house the enormous
computers needed to manage corporate networks and websites. This ranking is
courtesy of a publication by the world-renowned brokerage Cushman & Wakefield,
which published the 2016 Data Centre Risk Index:
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ENERGY - INTERNATIONAL EASE OF

ELECTRICITY BANDWIDTH CORPORATION

COUNTRY DOING

(COST PER (MEGABYTE TAX
KWH) PER S) BUSINESS

1 EMEA 100.00 ICELAND 6 10 14 9
2 EMEA 96.21 NORWAY n 7 7 23
3 EMEA 90.26 SWITZERLAND 8 5 16
4 EMEA 9019 FINLAND 13
5 EMEA 89.92 SWEDEN 22 4 6 14
I s AMERICAS 8507 CANADA 4 16 10 22 |
7 APAC 84.50 SINGAPORE 23 1 1 4
8 APAC 83.23 KOREA, REP. 2 1 2 16
9 EMEA 7981  UNITED KINGDOM 30 14 4 13
10  AMERICAS 7873 UNITED STATES 3 15 5 36

The purpose of this document is to analyze the case of the province of Québec using
criteria similar to those used in the Cushman & Wakefield study and by factoring in the
environmental aspect of the electrical power source.

The infrastructure dedicated to the electrical power that a data centre needs is
probably the most critical factor in data storage and processing. About two-thirds of
power consumption by a typical data centre is used to supply its servers and other IT
loads. The final one-third is used to cool and power auxiliary systems. The cost of
electricity represents roughly 30% of a data centre's operating expenses.

Power consumption by data centres has increased considerably over the past decade,
reaching approximately 1.3% of worldwide electricity use [4]. To meet this demand,
data centres have evolved considerably by adopting more efficient technology and
practices. It is estimated that the market will grow by about 5% annually in coming
years. This represents $150 billion for 2016 [5].

Green power

Thanks to the predominance of the hydroelectric industry, a renewable and reliable
source of power, data centres in Québec enjoy energy costs that are among the lowest
in the world.
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Figure 2: Breakdown of electricity generation by type [6]

Renewable energy accounts for 99% of the electrical power generated in Québec,
ranking the province first internationally for its portfolio of renewable energy.
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According to the most recent data published by the U.S. government [8], the
greenhouse gas emissions (GHG) factor associated with electricity generation in Virginia
is 432 t/GWh. For nitrogen oxide (NOx) and sulphur dioxide (SO2) emissions, the factors
are respectively 0.48 and 0.81 t/GWh. A data centre in Virginia that burns 100 GWh per
year would emit 43,200 t of GHG, 48 t of NOx and 81 t of SO2.

According to the most recent data published by Hydro-Québec [9], the GHG emissions
factor associated with electricity distributed in Québec is 0.98 t/GWh. For NOx and SO2
emissions, the factors are respectively 0.0096 and 0.0039 t/GWh. A data centre in
Québec that burns 100 GWh per year would emit 98 t of GHG, 0.96 t of NOx and 0.39 t
of SO2.

In other words, the same data centre would generate 98% less GHG emissions by setting
up in Québec instead of Virginia.

Low costs

As regards the cost of electricity, Hydro-Québec charges C$0.041/kWh for a 5 MW data
cenftre, including the 20% rebate the public utility grants data centres. This rate is lower
than the rate of every American state, even with industrial rates.

Below is a comparison of electrical power prices in North America’s largest cities:
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FIGURE1

Montréal, QC _ 100 Comparative Index of Electricity Prices
Winnipeg, MB 17 Residential Customers
Edmonton, AB 143

Calgary, AB 144 Consumption: 1,000 kWh/month
Vancouwer, BC 148
Houston, TX 156
Miami, FL 161
St John's, NL 166
Moncton, NB 173
Seattle, WA 188
Portland, OR 193
MNashville, TN 198
Regina, SK 203
(Chicago, IL 20
Halifax, NS 220
Charlottetown, PE 122
Ottawa, ON 224
Toronto, ON 246
Detroit, M 280
Boston, MA 383
New York, NY 409
San Francisco, CA 430

0 100 200 300 400 500
Hydro-Québec = 100

Manthily bill (excluding tax)
Rates in effect April 1, 2016

Figure 4: Comparison of electrical power prices in North America’s largest cities [10]

To show how these rates affect a data centre’s operating costs, the table below
presents the difference in annual power costs for a 5 MW IT data centre in various major
cities [11]:

City Cost in ¢/kWh (C$) Annual cost (C$)

5 MW IT, PUE 2.0
San Francisco, CA 12.61 $11,046,000
Portland, OR 7.90 $6,920,000
Montréal, QC 410 $4,292,000
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Reliability Above Al

Since the reliability of an electrical grid is crucial, Québec has a clear advantage
because its system is connected to those of adjacent provinces and states through an
asynchronous link. This makes the province practically immune to the general electrical
failures that affect the rest of North America, as can been seen in the following

figure[12]:

Hydro-Québec

. Southeasst . Synchronous systems - West

Texas Synchronous systems - Centre and East

Centre

Other synchronous systems

For example, during the major blackout in 2003 that impacted many American states
and Canadian provinces, the province of Québec was unaffected.

In 2004, U.S. and Canadian authorities published a joint report entitled “2003 Blackout in
the United States and Canada: Causes and Recommendations” [13]. According to the
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report, thanks fo Québec’s geography and electrical characteristics, the province's grid
is tied into the rest of the Eastern Interconnection through high-voltage DC (HVDC)
connections rather than through AC transmission lines. The province was able to
withstand overvoltages because its direct current connections protected it from
frequency oscillations.

The cascade was conftrolled after the northeastern United States and Ontario were
completely isolated from the rest of the Eastern Interconnection. In addition, no other
power flux was possible in the northeast, with the exception of the data centres in
Québec, New York and the New England states. In fact, one can see from the following
figure that Québec maintained its power during the blackout.

Figure 5: Satellite view of the area affected by the
2003 blackout, leaving Québec unaffected to the
north [14]
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Unlike the United States, where several thousand entities manage power generation
and distribution, Québec has a virtually exclusive stakeholder in the field of power
generatfion and distribution: Hydro-Québec. This alone shows the advantage Quéebec
has in standardized management of electricity generation and distribution, with a direct
impact on reliability and the application of recognized practices.

Not only is the province's electrical system reputed to be among the most reliable by
virtue of its robustness, its redundancy and the proximity of power plants to urban
cenftres, but it also provides the ideal solution for data centres. Peak power demand in
Québec happens in winter, whereas the peak demand for data centres occurs in
summer for cooling.

A Favourable Climate

A certain number of factors influence total power consumption and data centre costs,
notably weather conditions and the design of cooling solutions. With close to 40% of the
power consumed by a data centre directed to the cooling of server rooms, air
conditioning infrastructure is an element with a great deal of power savings potential.
Access to cost-effective cooling gives Canadian data centres a clear cost advantage
over more southerly countries.

A cold climate

Data centres located in areas with a cold climate, such as Québec, can significantly
reduce their power consumption using cold air from outside to reduce their power-
usage effectiveness (PUE) by almost 25%, thanks in particular to “free cooling”. These
free cooling systems operate in conjunction with an economizer, a specialized heat
exchanger that uses cold outside air to cool water or air that, in turn, circulates in server
rooms.

This reduces the load on compressors and pumps, which are the hungriest power
consumers of any cooling system.

PUE is the energy performance indicator used most frequently for data centres. It is
calculated as follows:

_ Total power consumption by data centre(W)

IT equipment consumption (W)
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Québec’s cold weather, i.e., periods when the temperature is below 20°C, lasts for more
than 180 days per year, which substantially reduces the cost of cooling data centres.
The average annual temperature of 4°C to 7°C in southern Québec reduces air
conditioning on a yearly basis. For example, for a load of 5 MW IT, the annual savings
tied to a lower outside temperature is estimated at over $500,000 (based on a reduction
of 0.25 PUE).

The following table compares the average annual temperatures in Québec with that of
several major U.S. cities.

Montréal, Québec City, New York, Washingto San Dallas,
Qc Qc NY nDC José, TX
CA

Average annual 6.8 < 12.9 13.8 15.4 18.7
temperature

Average Annual Temperature

e

e

Temperature in Cegrees Celsius

-30 15 i 0 15 20

Favourable climate conditions thus have a significant impact on the operating costs of
data centres. The table below shows various PUE targets, their implication in terms of
technology selection and potential energy savings:
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Types of Technology and Realities

Air conditioning ineffective, no savings strategy, poor
management of hot/cool alleys

Conventional air conditioning, no savings strategy

Effective air conditioning, good management of hot/cold alleys
(confinement), overall efficiency strategy in place, free cooling
with economizer.

Cutting-edge air conditioning with economizer and variable
speed drive, confinement, high-efficiency electrical equipment,
LEED building, northern climate favoured

Cutting-edge air conditioning with economizer in use 75% or
more of the time and variable speed drive, evaporative cooling
during hot period, optimized confinement, high-efficiency
electrical equipment, LEED building, northern climate required

Water availability

Water availability is also an important factor when selecting a site for a new data

Annual Savings for a

5 MW IT Load (C$0.05/kWh)

$0

$1,100,000
$2,200,000

$2,750,000

$3,075,000

cenfre. Because water is often required to operate data centre air conditioning and
humidifying systems, a reliable supply is pivotal. The following map shows the availability
of water per capita around the world. Note that Québec is considered to have a surplus
of water resources [16]:
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Global Per Capita Water Availability (2025)

HE BN )
Extreme Scarcity Stress Adequate  Abundant  Surplus o Data
Scarcity 500.1000 1,000.1,700 1,700-4 000 4,000-10000 »10,000

<500

000 Mers/parsontyear
Source: ‘Giobal Water intative’ (June 2005), GEF intemational Waters Conference, The Coca-Cola Company

High-Performance Network Connectivity

Canada’s Internet network, established by major bandwidth suppliers, reduces the
numbers of *hops” to end users while maintaining low response times (or “pings”). Data
centres located in a city like Montréal also provide good connectivity to American and
European servers and end users. Canadian dedicated servers and cloud hosting
suppliers provide a highly favourable advantage to North American and European end
users [17].
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A number of world-class telecommunications companies are established in Québec,
including Tata Communications, Verizon and Level 3 Communications. Montréal also
has it own Internet exchange, the QIX or Québec Internet Exchange, the mandate of
which is to increase the communication speed of local Internet access suppliers.
Numerous fibre optic network suppliers operate here: Metro Optic, Bell, Videotron, Telus,
Rogers, Fibrenoire, Cogeco, Pixelweb, and Zayo are just a few [18]. The following figure
shows the level of network activity (colour-coded) at different points around the globe:
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Sheltered from Natural Disasters

Natural disasters, such as Hurricane Sandy which hit the American seaboard in 2012,
remind us that even the best equipped, most modern physical installations are not safe

from the threat of storms and other violent weather events.

Although no organization can prevent natural disasters from happening, choosing a

location with a relatively stable climate can considerably cut the risk. In this regard,

Québec is an excellent choice, as the province's territory is sheltered from most natural

catastrophes [19].

Reported economic damages from natural disasters in 2010

< 50 millon 1SS
Betmeon 8 und S0 millhon 183
T Betwern 0.5 amd § billiom S5 b Comsnn far Reweanch wn the
B - < biltien USS 2 Vpsbeainbegy of Dinssiers
N xomemic damuges v ported Summes IM-DAT Tusernatinel Donaster Detahase

Low risk of lightning

In Québec, there are 10 to 19 days of lightning per year, representing 0.5 to 1 lightning

bolt per km2 annually—among the world’s lowest levels for a populated area [20]:

June, 2017
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Low risk of flooding

As illustrated by the image below, despite an abundance of natural water resources,
Québec has a very low risk of flooding [21]:

Low exposure to forest fires

The province of Québec has very little exposure to forest fires, as shown in this map from
the Max Planck Institute [22]:
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Grams of co:, per square meter per year
0.001 0.01 0.1 1 S 10 20 S0 100
Source: Max Planck Institute for Meteorology oow

Advantageous Political and Economic
Climate

Information confidentiality

Canada and Québec are recognized as world leaders in the protection of private
information. This makes them ideal locations for hosting applications and data cenfres.

Private-sector use of personal and sensitive data is highly regulated, which protects the
personal information of individuals and businesses alike. In contrast, in the United States,
the USA Patriot Act adopted after the terrorist attacks of September 11, 2001, gives
conftrolling forces in that country the right to full access to any information exchanged
on networks.

Since security is among the most important factors for businesses and government, they
choose to host their data and exercise their processing power outside their territory.
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That is why international clients represent about 60% of data centre clientele in Canada.
David Drury, general manager of global technology services at IBM Canada, believes
that data custody is another good reason why Canada is an attractive location for
data centres [23].

An advantageous economy

Many factors make the Canadian IT sector among the best in the world. Case in point,
certain cities like Montréal offer a bilingual workforce (French and English). Canadians
are also known to be among the most qualified and educated populations.

In Québec, over 3,600 students per year graduate from universities with a degree in
computer science, electrical engineering or other related fields.

Another sizable asset in the world data centre market is the Canadian dollar, which is
often worth much less than the American dollar, averaging US$0.8146 over the past 25
years [24].

10-YEAR CANADIAN DOLLAR

DAILY NOON RATE IN U.S. CENTS
- JAN. 12,2016
69.97¢
110
100
90
80

70

60
‘06 07 ‘08 ‘09 10 n 12 13 14 15 16

Financially speaking, Canada holds a select position on the world scene with a perfect
credit rating [25]:

S&P Moody's Fitch TERating
Canada AAA Stable AAA Stable AAA Stable ag
United States AhA+ Stable AAAL Stable AAA Stable a7
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Low levels of corruption and stable political climate

Canada ranks among the 10 best countries in terms of democracy and has a low level
of corruption [26].

The country has enjoyed political stability for decades, a fact that fosters worldwide
confidence in web content, banking and fiscal responsibility, as well as human rights.
Canada'’s reputation is one of compassion, respect and accountability as a member of
the United Nations, the North American Free Trade Agreement, UNESCO and the World
Health Organization.

With this strict focus on privacy, organizations whose data are hosted in Canadian data
cenfres are not regulated by foreign governments.

Country Rank 2015 | Rank 2010
IDenmark [ 1 | 1 |
[Finland \ 2 | 1
ISweden \ 3 | 3

INew Zealand | 4 I 7 |
[Norway L5 | 3 |
Netherlands I 5 I 5 \
[switzerland [ 7 | 6 |
Singapore ” 8 H 72 \
Canada | 9 | 9 |
Germany | 10 | 10 |
lUnited Kingdom | 10 | 12 |
|Australia [ 12 [ 12 |
[Belgium [ 13 [ 8 |
lUnited States [ 14 | 16 |

Attractive taxation and financial incentives
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In recognition of the essential role that developing countries play in attracting other
technological investments, the province of Québec has developed incentives to attract
data storage and processing companies. The financial benefits associated with
investment in Québec data centres include:

e A taxholiday representing up to 15% of the capital invested for investments
greater than $100 million [27]

e A tax credit equal to 30% of eligible salaries paid by the company [28]

e Aloan orloan guarantee for a maximum period of 10 years and other financing
facilities [29]

June, 2017 Page 22



Criteria for Data Centre Location

PPA Yves Bétournay P. Eng.
PPR

Conclusion

Québec has been a privileged location for data centres for many years now. The
province offers facility operators and service providers low-cost green energy, a reliable
electrical grid, a cool climate with water availability, high-performance network
connectivity, low risk of natural disasters, a stable political and economic climate, a
qualified workforce, and attractive financial incentives. In addition, Québec enjoys low
public utility costs as well as a strategic location that encourages numerous businesses
to choose its territory for growth.

Over 60% of the Québec population lives less than 200 km from the U.S. border.
Moreover, most data centres are built near major cities like Montréal or Québec City.
This proximity provides excellent connectivity to the United States, while affording data
centres protection under Canadian privacy legislation.

Québec provides reliable and renewable electric power that is clean and leaves a low
carbon footprint. A data centre would reduce its GHG emissions by 98% if it sets up shop
in Québec instead of in most American states or in Ontario [30].

By combining reliable, low-cost power with an advantageous climate and enviable
political stability, the province of Québec has caught the eye of key international
players in the data centre industry
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