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Introduction



Galileo Connect is a data centre product, development and
services company providing mission critical solutions to

multinational corporations and system integrators on a global basis.

Technical Real Estate is a property development and investment

company based in Asia Pacific.



Galileo Connect Asia Pacific projects

. CTC (Canberra Technology City)

— Canberra, Australia

— 14,000 m?2 data halls
. Norwest

— Sydney, Australia

— 3,000 m2 data halls
. Pioneer Park

— Jurong, Singapore

— 22,800 m? data halls
. Tokyo

— Tokyo, Japan

— 4,000 m?2 data halls



Chapter 1. Data Centre Energy Recap



ICT Industry

The worldwide ICT industry contributed 2% to global CO,
emissions in 2007 (830 Mt CO,-e per annum?)

Data centres are represent a significant portion of the ICT
Industry

Global demand for data centres continues to rise year-on-year

Data centre sustainability challenges

Significant exposure to energy price changes

Carbon footprint reduction

Location considerations (water consumption, flora, fauna, etc.)
International ‘green’ benchmarking

Centralisation vs Decentralisation

Emissions Trading

Source 1. Smart2020: Enabling the low carbon economy in the information age, The Climate Group, 2008



Current industry metrics

PUE (Power Usage Effectiveness) is an industry accepted ratio for the
measurement of the effective usage of electrical power in a data
centre. It is represented by the quotient:

Total Facility Power
IT Equipment Power

PUE =

The reciprocal of PUE expressed as a percentage is known as the
Data Centre infrastructure Efficiency — DCIE and is represented by the
guotient:

DCIE= —L x 100%
PUE



Where does the energy go?

Operational energy model of a data centre over 15y  ears

Component Energy consumed Percentage
IT equipment 197 GWh 44.3%
Cooling & ventilation 177.4 GWh 39.9%
Power system losses (UPS, 26.3 GWh 5.9%
transformers, etc)

Utility T&D losses to site 32.7 GWh 7.3%

Misc (lighting, BMS, security, etc) 11.2 GWh 2.5%

Total 444.6 GWh

Basis of energy model:

» 1000 m? data hall @ 1500 W/m?
 Tier 3

 PUE = 2.1 (average)

» Excludes embodied energy



Data centre energy split (over 15 years)



Strategies for increasing data centre efficiency

. Cogeneration

. High efficiency cooling systems

. Use of outside air

. Raised floor pressure management

. High efficiency UPS systems

. Variable speed drives on pumps and fans

. High frequency lighting ballasts with T5 lamps
. Programmable lighting control and zoning

. Heat recovery systems on ventilation air

. Low energy transmission facade

. Reduced building leakage (infiltration rate)

. Sub-metering for all major equipment

. On-site renewable energy sources (limited potential)

° Green Power contracts



Carbon Footprint — Electricity Sources

Conventional brown coal

Australian electricity
average

Advanced brown coal

Black coal - best practice

Gas - single cycle

Gas - high efficiency

Gas - cogeneration

Renewable energy

o
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Source: ActewAGL



New metric - CO , per kW of IT

Example 1 — Australian Grid Electricity, PUE 2.1
1kW of IT = 8.76 MWh p.a.
Carbon footprint = IT Load x PUE x Energy source emission factor
=8.76x2.1x1.0
= 18.4 Tonnes CO,-e p.a.

Example 2 — Natural Gas Cogeneration, PUE 1.47
1kW of IT = 8.76 MWh p.a.
Carbon footprint = IT Load x PUE x Energy source emission factor
=8.76 x 1.47 x 0.45
= 5.8 Tonnes CO,-e p.a.

Notes:
 Operational CO, only, excludes embodied energy
* Demonstrates the importance of data centre facility efficiency and the source of energy



Chapter 2: Cogeneration



What Is cogeneration?

. Cogeneration is the simultaneous production of electricity and heat from a
single process (combustion of a fuel).

. Electricity generation (by fossil fuel combustion) is by nature a very inefficient
process. Typical efficiency of 30-40%.

. Cogeneration systems capture the waste heat which would otherwise be
discharged to atmosphere and put it to work. Typical use of captured heat
energy:.

—  Hot water

—  Steam

—  Drying air

—  Steam turbine (combined cycle power generation)
—  Chilled water

. Cogeneration systems are not new. Industry has been utilising the
technology for many years.
—  District heating systems

— Industrial processes (brewery, minerals processing, glass manufacturing,
etc)

—  Hospitals
—  Swimming pools



Traditional Cogeneration

Source: SDA Engineering — Coopers Brewery Adelaide



Cogeneration in data centres

. Cogeneration systems have traditionally been deployed in
situations where there is simultaneous demand for power and
heat.

. Cogeneration can be equally applied to situations where there
IS a requirement for simultaneous power and cooling (a.k.a.
tri-generation) by deploying absorption chillers.

. This innovative use of cogeneration technology opens up
opportunities for enormous CO, reduction



Combined Power and Cooling Explained

Traditional Electricity Generation Gas Fired Co-gene  ration
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 Utilise waste heat from electricity generation to produce chilled water
e Traditional electricity generation: 1 Tonne CO, per MWh
» Co-generation: 0.45 Tonnes CO, per MWh




Combined Power and Cooling Detalils
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Cogeneration benefits for data centres

Environmental benefits
. Electricity generation on-site, hence eliminate T&D losses.
. Utilise a cleaner source of fuel (i.e. natural gas)

. Harness waste heat and provide 100% of data centre cooling
requirements without electric chillers. Hence, significantly
reduced PUE.

. Significant reduction in CO, emissions

Economic benefits

. Significantly reduced PUE = significantly lower energy costs
. Protection against increasing electricity prices

. Protection against implications of ETS



Chapter 3: CTC Case Study



Canberra Technology City

* 14 x 1000 m? data halls, 1500kW IT capacity per hall
» Purpose built data centre campus

« PUE=1.31

* On-site gas fired cogeneration



Basic power and cooling demands

Electrical demand
. Data centre PUE = 1.31
° Total site electrical load = 28 MW-e

Cooling demand
o Total site heat load = 33.6 MW-r




CTC Cogeneration Solution

. 3 x 14 MW-e gas turbines with double effect absorption chillers
(N+1) as a central ‘energy plant’ for the site.

. Primary source of power and chilled water from cogeneration
plant

. Underground reticulation of HV and chilled water throughout the
campus

. Backup power from 132kV electricity grid
. Backup cooling from air cooled packaged chillers (each building)
. No export capability (full power demand used on site)

. 65% carbon footprint reduction per kW of IT when compared to
industry average data centres



Embodied Energy

. Embodied energy in the context of a data centre includes emissions and
energy use associated with:

Extraction of raw materials

Manufacture of building elements and engineering equipment
Manufacture of IT equipment

Transportation of raw materials and assembled equipment
Fuel and energy use during construction

Construction waste disposal and wastewater treatment

. CTC embodied energy is approximately 49,000 tonnes CO,-e. 1

2.33 tCO2-e per kW (peak) of IT capacity
3.5 tCO2-e per m2 of data hall

. Over the 25 year lifetime of the development, the embodied energy
equates to just over 1% of total carbon emissions

Source 1. Canberra Technology City Environmental Impact Statement, GHD, November 2008



Conclusions



Conclusions

. Data centre energy costs are already significant, and are set to rise
further.

. Data centre facility efficiency is equally as important as IT efficiency

. Data centres are a good match for cogeneration systems (constant
electrical and cooling load)

. Cogeneration significantly reduces energy costs and CO, emissions
by:

Eliminating utility T&D losses

Natural gas fuel source rather than coal electricity grid
Cooling energy is provided ‘free’ from absorption chillers
Reduced PUE = reduced energy costs

. ltems for further work:

International efficiency rating system for data centres

Metrics for measuring efficiency of ICT productivity
(e.g. CO, per instruction)

Comparison data for embodied energy in data centres



Questions

Asia Pacific
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