&) REC

SULAR
SULUTIONS




SMART ENERGY FOR
A CLEANER FUTURE

Reducing energy consumption and increasing energy efficiency with cost-effective renewable energy sources
are now more important than ever. Solar energy is an increasingly competitive solution able to meet this global
challenge. With control of the complete value chain, and an uncompromising focus on quality, efficiency and
operational excellence, alongside strict adherence to environmental standards, REC is leading the way towards
this goal. Through continuous innovation REC maintains a leading position in the industry, working to ensure solar
solutions deliver sustainable value.

Reducing Energy Payback Time

To understand the environmental impact
of our REC module, REC commissioned

the independent Dutch research institute
ECN (www.ecn.nl) to analyze the complete
lifecycle of an REC module according to the
standard SO 14040 for the first quarter
of 2011. This followed from a similar study
we conducted in 2007 The 2011 results
for the energy consumed throughout the
lifetime of a module are in the lowest in the

industry, even with the inclusion of recycling.
In 2007, the Energy Payback Time (EPBT) of
an REC module was 1.4 years. Today, we have
reduced it to one year thanks to continuous
technological innovation throughout the value
chain. With the ownership of the complete
solar value chain, REC was able to provide
comprehensive data from the whole lifecycle,
giving the customer a complete overview of
the environmental impact of solar module
production.

For the study, ECN analyzed REC's production
data and calculated the primary energy
consumption involved during each step of
production, including raw material extraction
and all transportation up to when the module
is assembled, to recycling. Generic data for
installation and recycling was used to calculate
the EPBT of a complete system. The datais
based onayearly solar insolation value of
1700 kWh/m?2, which is a typical value fora
Southern European Mediterranean location

such as Barcelona or a mid-US location such
as New Jersey.

The energy used in different production sites
impacts the EPBT of a module. The EPBT

of REC products manufactured in different
locations using different technologies are
compared to transparently show the
environmental impact of REC production.

* Modules containing 100% silicon
produced using the proprietary Fluidized
Bed Reactor (FBR) process in the USA,
wafers and cells produced in Norway and
modules assembled in Singapore have
anEPBT of 1.0 years. See value chain A
illustration.

* Modules containing silicon produced using
amix of the proprietary FBR and Siemens
reactor processes in the USA and wafers
and cells produced in Singapore have
an EPBT of 1.2 years. See value chain B
illustration.
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Our Carbon Footprint

To ensure REC has a minimal impact on the
environment, efforts are continually made
toreduce carbon emissions.

The carbon footprint of REC products
was calculated based on 15014040 to
be amongst the lowest in the industry:

+ 18gC02-eq/kWh for wafers and cells
produced in Norway and modules
manufactured in Singapore (see value
Chain A).

+ 21 gC02-eq/kWh for wafers and cells
and modules produced in Singapore (see
value Chain B).

As shown in the map above, REC uses the
most environmentally friendly energy
sources wherever possible. This means
hydroelectric power in Norway, natural gas

and solar in Singapore and in the United
States natural gas as well as hydroelectricity.
This means the carbon footprint is kept as
low as possible compared to competing

companies producing solar solutions at
sites supplied by coal-fired power plants.
The carbon footprint of such modules is
approximately 30 g CO2-eq/kWh.




Reducing waste in product design

Reducing waste thanks to product design
Throughout the product design process REC
works to reduce material, packaging, without
compromising on quality and removing toxic
substances whenever possible.

Using sustainable materials

The silicon-based photovoltaic solutions
REC provides are based on silicon made
from sand which is an abundant and readily
available resource.

Reducing energy in silicon production
Most of the energy consumed in producing

solar is used in the silicon production process.

The proprietary FBR process taken to scale
by RECin silicon production reduces energy
consumption by 90% compared to more
commonly used Siemens technologies

by maintaining a much more balanced
temperature.

Improving ingot crystallization efficiency
Improving the overall quality of the ingot is
also a vital part of improving cell efficiency.
REC uses furnaces that crystallize more than
1000 kg of ingots per cycle as compared

to the conventional 400-500 kg possible.
REC s working towards crystallizing 2000 kg
of ingots per cycle.

Decreasing wafer thickness

REC has made substantial advances in the
use of thinner wire for the production of
thinner wafers reducing wafer thickness

to 180 pm. Thinner wires and wafers means
amore efficient production overall and that
more wafers, cells and modules can be made
from silicon stock. This also reduces energy
consumption.

Increasing cell efficiency

REC produces solar cells with higher
conversion efficiency and less costly
processing. Through this, REC continues
toincrease its efforts in cell and module
development to make solar energy more
energy-efficient and cost-effective. Increased
efficiency means more energy is created
from the same surface area, helping to lower
the EPBT even further. REC cells have already
reached 16.7% efficiency and are expected
toreach 18%in 2012.

Increasing module energy yield

REC s constantly working to increase the
energy yield of our modules to help the
customer benefit fromareturn on their
investment. In the Photon Field Performance
Test REC modules produced 6% more energy
than competing modules, continually ranking
in a leading position during the last 18
months.



Reducing Waste by Recycling

Being environmentally friendly is not just
about producing modules with as little
environmental impact as possible. It also
means ensuring that waste created in the
manufacturing process is disposed of
properly and that modules can be recycled
at the end of their lives.

REC aims to efficiently recycle material used
throughout the value chain, minimizing waste
in every aspect of the manufacturing of our

products. For example, the slurry used during
the wafer production process is recycled

and reused, which greatly reduces chemical
consumption as well as waste.

REC s a founding and board member of PV
Cycle, a voluntary take-back and recycling
programme for end-of-life modules.

REC works with customers to identify the
recycling center closest to them. All materials
in REC modules can be safely recycled.
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Delivering one of the first crystalline
modules to reach an EPBT of one year,

REC has shown how sustainable and
increasingly competitive PV is. Thanks to
our ownership of the complete solar value
chain, the REC 2011 LCA is one of the most
comprehensive evaluations of the energy
used in the solar manufacturing process.
Educating consumers to understand that
the energy used to produce a solar module
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is as important as the energy a module
produces will help to make the industry

more sustainable overall. As energy prices
increase, focusing on reducing the amount
of energy used to produce a module will
become even more important. Innovations
like the proprietary REC FBR technology are
helping to reduce the environmental impact
of solar delivering smart energy for a cleaner
future.
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