Carbon Emissions, Energy
Consumption and Semiconductors

The Potential Global Impact
Dominic Vergine, ARM
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Unprecedented demand for energy

World Population Growth Through History

Production of crude oil peaked in
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Global population and demand on
all resources is rocketing

Population increase of 32% in the
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85.4% of the global population lives
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6.8 billion people now - a steady 9 billion

predicted by 2040 In developing countries

All these people need water, food, shelter, ” 1 .
energy... New “Consumer class ,” emerging
...and would like to have Mobile Phones, rapldly In developmg countries -

Computers, Data Centres, Transport, especially the BRIC
Washing Machines, HVAC....

....and so everything needs to be energy
efficient or there won’t be enough power
to go round...
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ICT and Low-carbon — Smart 2020

The ICT industry represents ~2% of worldwide emissions today

The ICT footprint is projected to grow under “bau” conditions at a 6% compound
annual growth rate to 2.7% of CO2 by 2020

The potential emissions reductions enabled by ICT was found to be massive,

equivalent to 15% of all global emissions by 2020 under the business as usual
(bau) projection

The role of ICT in carbon reduction is therefore key for policy makers
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Efficiency improvements
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Since 1975 there has been ~40% improvement in overa Il energy efficiency

57% of which is attributed directly to semiconducto r enabled technologies
(~23% of the total)

1990 — 2005 — Energy Supply up 40%, DEMAND UP 59%
Energy demand is predicted to rise by 19% innext 1 0 years, 37% by 2030

Much of this increase predicted to be met by coal-f  ired power stations
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Smart — Grid + Meter + Appliances

Distributed Generation Smart Grid — energy
Smart and information flow
Inverter In Home Meter Grid
Display

%= and/or wireless protocol

Smart meter communicates via wired

-

I CONFIDENTIAL The Architecture for the Digital VWorld® ARM



Semiconductors — the global impact

23% over past 30 years
15% over next 10 years (so double what has been achie ved to date)
But...Smart 2020 only considered current technologies.

The key omission, and therefore unquestionable inaccu racy of the
2020 projection of 15%, is how will the emergence of new
technologies affect both sides of the footprint proje ctions

...especially as energy efficiency is now a
major R+D focus
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Motors

Today, globally, motors consume >50% of all electricity
efficient motors could save:

*US 2% of total electricity consumption
*China 2-10% of total electricity consumption
*EU 7% total electricity consumption

If all motors were intelligent, we’'d save emissions equivalent to the total emissions for Australia

In China alone by 2020, industrial motors will consume >30% of electricity and provide >10% of carbon
emissions — likely 1-2% of global emissions

Changing to efficient motors with variable speed drives (VSDs) and intelligent motor control (IMC)
greatly reduces power use, temps and cooling needs, weight, material mass and shipping transportation
emissions
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Negawatts and energy efficiency
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World Energy Consumption By Type
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Energy source / energy use

. 4 h
Certainly, several REDUCTION IN ENERGY USE, 1975 — TODAY

Governments and Industries
have made strides in energy
savings.

259, Petroleum Refineries

Chemicals

But “Efficiency” is NOT

Automatic or Second Nature
to the Broader Population of
Individual Consumers (most paper & Pulp
notably in the USA).

45% 40% 35% 30% 25% 20% 15% 10% 5% 0%
|\i Source: LS. Department of Energy _,/J
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Smarter Lighting

From:

 Manual on/dim/off e Condition-based on/dim/off

* 5% energy-to-light (incand.) _
_ * 95% energy-to-light (LED)
» 85% energy-to-light (CFL)

» Low power factor (-e %) * High power factor (+e %)

* Single color temperature  Variable color temperature

j

> 40% monthly lighting energy
savings in a household
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Lighting Control

Turn off / dim lights when daylight is present

Occupancy sensors to turn on lights only when people
are present

New systems are wireless and use energy harvesting to
provide the power

Efficient ultra low power chips

Energy scavenging / harvesting (light, vibration, thermal)
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Smarter Heating & Cooling

From:

To:
« Manual temp settings * Programmed temp settings
* Single speed blowers * Variable speed blowers
* Single zone setup * Multi zone setup
» Low power factor (-e %) » High power factor (+e %)
» Manual on/off  Demand response & mgmt

j
> 40% monthly savings on energy usage.
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Smarter Laundry

From: To: @
* Too much hot water  Just enough water...

» Over-dried clothes  Perfectly-dried clothes
 Single speed motors  Variable speed motors

» Low power factor (-e %) * High power factor (+e %)

« Manual on/off  Demand response & mgmt

j

> 50% monthly savings on laundry energy and water
usage.
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Efficiency opportunities everywhere

Transmission @
& Distribution
s

Appliances

Real-Time
Monitoring .#
Power Supplies
[Make It ] & Zero stand-by

Smart Meters Transportation

2-Way Comm.
Price Signaling
Demand Response
Supply Response

Distributed (Local)
Renewable (Clean)
Conventional (Fossil)
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Smarter Power Supplies

From:

» Always on supplies

» 70+% efficiency

* No-load detect supplies

* 90+% efficiency

* Single product supplies » Universal product supplies

» Transformer-based

» Transformerless-based

» Fan-based supplies * No-Fan-based supplies

j

Up to 15% monthly savings on consumer electronics ene rgy

usage.
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New opportunities
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World Market for semiconductors in EV Powertrains
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