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1. Key Information

Key
# - Special note / Key Point

# Key Information

Current feed-in tariffs for the UK include for hydpower (1):
19.9pence / kWh for = 15kW systems
17.8 pence / kWh for >15 -100 kW systems
11 pence / kWh for >100kW — 2 MW systems
4.5 pence / kWh for > 2MW- 5MW systems

# As osmotic power systems don't yet exighie UK such systems would
command similar feed-in tariffs

Statkraft site is currently producing 3Watté/rmf membrane, with 5 Wattsfm
being seen as the commercial break even point

Inergy aim to develop modules producing in excés8/\atts/nt

With existing technology, to achieve an outpul W, one cubic meter of
freshwater (per second) must be mixed with two cufeters of seawater
producing 12 bar = 12 atmospheres ( 12 XN/n?) of power generating
pressure. This 12 bar pressure is sufficientéolyce power commercially,
particularly with new viable UK feed-in tariffs wéh commence in April 2010

Osmogen aims to produce power systems for a haedowdlay of £1/Watt
(E1000/kW)

Removing salt from sea water requires 1kW/m
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Reverse osmosis (RO) uses semi-permeable memboafiésr out dissolved
material or fine solids (such as salt). This psscean powered by an
Osmogen system

It is proposed that larger Osmogen power system$eantegrated with other
renewable energy systems such as solar thermaaadPV. This would
enable the sites to be fully carbon zero.

Reverse osmosis has the lowest energy demandadésalination
technologies, making it the most popular form

Functional materials are man-made materials whbgsigal and chemical properties

are sensitive to a change in the environment aligdeuthe native properties and
functions of their own to achieve an intelligentiac

2. The most important parts of an osmotic power plat

The membrane is the heart of the technology, wahtierbine is needed to generate
electricity, as well as pumps and pipes to trartspater throughout the plant. The
proposed systems will also comprise a water cleaniit (to prevent
clogged/damaged membranes) and a cleaning urthdanembranes.

Osmotic power is a renewable, environment-frieresigrgy source. Power plants can

in principle be built anywhere freshwater meetssgar. They can generate power
24/7, regardless weather conditions.

3. Removing particulates and pollutants (Anti - foling technologies)

# Pretreatment is a key aspect for commercial viality of power production by
using osmotic systems since the high efficiency membranes needs to be
maintained. Build up of scale, organic material ad chemical pollutants would
quickly reduce the effectiveness of membranes thagive rise to the pressure
differentials upon which the power production depeds. Requirement for
frequent cleansing or replacement would render systms non viable. Viability
and sustainability remain paramount in Osmogen sysim research and
development (R&D)

Flocculants
# Using Cellulose Flocculent (CF) for removal of pdiculate suspensions, organic
material and other system pollutants that can fouthe membranes. This has

valuable potential as the absorbent cellulose foasan be removed and used for
either;
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Biomass — This can be sold for biomass boilers amdher heating systems

Fertilser production - rich in agriculturally valu able essential elements and
compounds flocculent waste can be used to producertilsers.

Since the osmotic process involves the ‘directior diffusion of water molecules

into the saline supply within each active ‘modulethen the presence of residual
cellulose will potentiate the osmotic gradient.

4. Sources of Membranes and Filters

# Seeking to use the most efficient membranes foreRerse Osmosis (RO), for
producing fresh water and power generation, leadingnembrane manufacturers
will be sought:

Membrane materials include cellulose Acetate polydiones, polyimides,
polyamides, cellulosics, PAN and PTFE.

A. Koch Membrane Systems

Today's leading TFE Thin-Film-Composite membranes were developed by th
pioneering FLUID SYSTEMS3team at Koch Membrane Systems.

LUID SYSTMS® TF-S elements producing 25 MGD of drinking water alnPBeach County
Water Treatment Plant #3 in Delray Beach, Florida.

The broad array of TI'—(’?:thin-fiIm-composite membranes from Koch Membrane
Systems represent the latest achievements in tigehlistory of technical evolution
that continues to emerge from the pioneering KM&/ELSYSTEMS® team. They

are recognized for their exceptional performanepetidability, and long-term use.
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Found in the most demanding water treatment enmissris worldwide, there are
TFC elements to cover the whole spectrum of requergs. High pressure elements
remove high concentrations of salt for brackishewvand seawater treatment and
address some of the challenging applications aftmlrics and pharmaceutical
operations. Lower pressure elements address ladiaitg and softening applications
for power generation, beverage production, chenpoaduction, boiler feed
applications and more. Across the entire produet, [TFC elements offer exceptional
performance, dependability, and long-term value.

KMS is sure you'll find exactly the TFC membrane yequire packaged in a size to
fit your needs - including the most extraordina Blement in the world, the
MegaMagnurfi 18" diameter element.

TFC® Membranes Primary Applications:

» Brackish water treatment and desalination

» Seawater treatment

* Industrial process make-up water

» Replace or augment other treatment steps toowethe quality of process water,
such as ion exchange

* Reduction/recovery of water from waste streaonsduse

» High purity waterfor boilers and other manufacturing operations

Today's leading Cellulose Acetate (CA) membrane dea®loped by the pioneering
FLUID SYSTEMS® team at Koch Membrane
Systems.

The well-established, long-proven line of
ROGA® Cellulose Acetate (CA) membranes =&~
developed by the FLUID SYSTEMSpioneers §

of Koch Membrane Systems, continue to lead
field in specialized applications. In potable wa
desalination, municipal wastewater, industrial §
water, color and organic material removal fro
cold surface water, and in chlorinated water
environments, ROGA elements have been
turning in a top quality performance for decades.

ROGA® Proven Performance:

ROGA membrane is the "original” spiral wound menniera and still a top performer
today. With a smooth surface and neutral chargeSKMDGA CA membranes are
produced as ultrafiltration (UL), low pressure (Ld?)high rejection (HR) elements.
They have been especially developed (UF) to delueerior resistance in high
organic fouling environments, where thin film meubes would be impractical.
ROGA membranes perform exceptionally well in neweplacement systems.

In applications requiring chlorine in the feed watedisinfect the membrane, ROGA

membranes offer a unique advantage because ottiienine tolerance. The HR
type delivers a 98% chloride rejection rate at medpressure.
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ROGA® Elements Primary Applications:

» Potable water desalination

Municipal wastewater (sewage) reclamation pitsjec
Industrial water treatment and recycling

Where chlorine is required for continuous membrdisinfection
Removing color and organic material from coldface water

ROGA® An Array of Choices:

Ultrafiltration (UF), low pressure (LP) and highjeetion (HR) cellulose acetate (CA)
membranes in a wide range of diameters and lengths,

In 4" and 8" diameter and 40" or 60" length.

KMS supports your membrane investment and ongoiegnibmane performance:
« KOCHTREAT® Antiscalants

« KOCHKLEEN® Membrane Cleaners

« KMS ASSIST" Service and Maintenance Programs

ROGA® Membranes Offer A Complete Array of Problem Solvihg Elements.

As advances in nanofiltration (NF) continue to stram into the global
marketplace, Koch Membrane Systems continues to maain its established role
as the prime innovator.

KMS manufactures nanofiltration membranespiral andflat sheetmembrane
configurations.

Ultrafiltration Particle Filtration

Separation
Process Nanofiltration Microfiltration
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Mote: 1 micron (misrometer) = 4 x 10-5 inches = 1 x 104 Angstrom units £ 2004 - Koch Membrane Systems

* Retains divalent salts and organics
» Passes monovalent salts, water, acid and alketimgpounds
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* Pore sizes ranging between UF and RO

Nanofiltration is a low to moderately high press(iypically 50 - 450 psig) process in
which monovalent ions will pass freely through thembrane but highly charged,
multivalent salts and low molecular weight orgamak be rejected to a much greater
degree. Typical NF applications include water suoftg, desalination of dyestuffs,
acid and caustic recovery and colour removal.

Take a Closer Look at KMS Advanced Nanofiltration (NF)

KMS’ crossflow membrane filtration controls theesft of concentration polarization
and the gel layer. It provides the most rapid, laggice economic, continuous
membrane filtration.

NF is a pressure driven process for separatingiaige solutes from aqueous
solutions by means of a semi-permeable membrang prbcess is carried out
by having a process solution flow along a membsaméace under pressure.
Crossflow membrane filtration uses a high crosw flate to enhance permeate
passage and reduce membrane fouling. Retainecsdkuch as dissolved salts)
leave with the flowing process stream and do notientilate on the membrane
surface.

Pores have not been observed in NF membranes angenicroscope, however,
water can still pass through the membrane and vaigtt salts and low molecular
weight organics are rejected. It is difficult taeprct the performance of NF
membranes, especially if more than three soluegi@sent in the solution, since
membrane rejection is influenced by the size, stinecand charge of the components
in solution. As a result, piloting is highly recoranded for NF applications, even if a
detailed feed water analysis is available.
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KMS offers its SelR line of solvent-stable and pH-stable NF membrasewell as
the SK and TFE or TFC®-S NF membranes.

Examples of NF Applications

Application Permeate Concentrate Benefits of NF
(Retentate)

Whey / Whey Salty Desalted whey Allows the

Permeate wastewater | concentrate recovery of lactose

and whey protein
concentrate with
reduced salt
content

Textile Dyes Water, salts, BOD, | NFis used to
COD and colour desalt dyes
resulting in a
higher value
product

Caustic cleaning | Caustic BOD, COD, suspendedAllows caustic
solutions cleaning solids, caustic cleaner | cleaning solution to
solution be recycled
resulting in reduced
cleaning chemical

Patent pending capyright Inergy UK Ltd September 2009



costs

Recycle of acid | Acid solution BOD, COD, calcium, | Allows acid
solutions suspended solids, solution to be
acidic water recycled resulting
in reduced cleaning
chemical costs

Water Softened Hard water Potable water
water production.
Softened water
reduces scaling on
equipment and heat
exchange surfaces

Antibiotics Salty waste | Desalted, concentrated NF produces high
product Antibiotics value
pharmaceutical
products

35 years of membrane treatment expertise. Perfareniareverything!

B. CSIRO

Pioneering membrane development

New membrane materials: multi-functional RO membgan

One of eight projects in the Advanced Membrane Meldyies for Water Treatment
Research Cluster, our multi-functional reverse acas(RO) project will develop new
membranes to deliver a 40 per cent reduction desain energy consumption.

Background

The approach
Qutcomes

Partners

Background
Desalination of brackish or sea water is gainingybarity as a solution to the

increasingly limited water supplies available te thorld’s growing population and
industry.
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Of the technologies employed to desalinate wageense osmosis (RO) has grown in
popularity and is now responsible for producing enibran half of the world’s
desalination capacity.

RO uses semi-permeable membranes to filter oublgss material or fine solids
(such as salt) from water.

In normal osmosis, fluid (usually water) passesulgh a semi-permeable membrane
into a solution where the solvent concentrationigher, equalising the concentrations
of materials on either side of the membrane.

In RO this occurs in reverse, high-pressure purapsefsaline water through a filter
that retains a solute high in saturated materiamaside and allows pure water to
pass to the other side.

This project looks at building upon existing knodde about reverse osmosis
membranes to develop the next generation of merabran

The approach

The project will develop new functional materidisit are incorporated into polymer
membrane materials to improve their salt selegtiitix and anti-fouling property.

New functional materials will be developed basedealites.

Zeolites are a class of crystalline oxides thaehaeen widely studied as molecular
sieves in the processes of separation and adsotpdicause they have ability to
distinguish molecules based on their sizes andeshap

The key and critical outcomes of the project wéloulti-functional polymer-zeolite
nanocomposite membranes.

Trials have shown zeolite-type membranes to displhigh rejection of salts and we
anticipate that the salt rejection, flux and thdrstability of polymer membranes will
be significantly enhanced by their presence.

Several types of zeolites nanocrystals with diffiéggore size and ion-exchange
capacity will be synthesized using novel synthstiategies.

Zeolite nanocrystals will be functionalised by altieng ionic groups and hosting anti-
bacterial agents.

This project will draw on knowledge of water-suddateractions from the Feedwater
Characterisation Project.

Theoretical understanding of the correlations betw&embrane structure and
performance from the Molecular Modelling - Trangdpand Separation in
Membranes Project will also be taken into acconrthe design of membrane
nanostructures.
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Outcomes

The key and critical outcomes of the project wéloulti-functional polymer-zeolite
nanocomposite membranes.

Such membranes will exhibit high biofouling resimste, high salt rejection and flux,
high thermal stability and excellent chlorine résnge.

The project is expected to deliver a 20-40 per eaetgy reduction in the
desalination processes.

Read more about our other new membrane materiefsaslnorganic-organic
nanocomposite electrodialysis membranes for higlepmance
desalinatiorandNew membrane materials: multi-functional RO membrmn

C. Membrane Technology and Research (MTR)

- Materials and membrane development

MTR's Materials and Membrane Development Groupuatak new membrane
materials for use in industrially important sepenas. These membrane materials are
used in petrochemical separations, natural gasepsirtg, and pervaporation
processes.

Patent pending capyright Inergy UK Ltd September 2009 12



Most MTR membranes are installed in spiral-woundiohes
Recent development activities include the following

Perfluoropolymer membranes for carbon dioxide remhand hydrogen
recovery applications

Solid polymer electrolyte composite membranes fefiparaffin separation
Polymers with intrinsic microporosity (PIMS) for gyaeparation applications
Nonporous nanofiltration membranes for organic ssjns *
Fouling-resistant multilayer membranes for wateatment *

Click here to view a list of publications on masdsiand membrane development.

5. Potential Sites for pilot osmotic systems

Osmotic power is a renewable, environment-friereigrgy source. Power plants can
in principle be built anywhere freshwater meetsasgar. They can generate power
24/7, regardless weather conditions.
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6. Questions and Answers

How does osmotic power work?

When freshwater and seawater meet on either sider@@mbrane, the natural
phenomenon of osmosis will cause the freshwatbetdrawn towards the seawater
side. The membrane only allows freshwater to flom@ugh and not the ions in the

salt water the saltwater. Thus creating a pressuitbe seawater side that can be used
to drive a turbine. The pressure is 12 BAR, eqenato a 120-metre waterfall.

What are the advantages of osmotic power, compardd other energy sources?
Osmotic power is a renewable, environment-frieresigrgy source. Power plants can
in principle be built anywhere freshwater meetssgar. They can generate power
24/7, regardless weather conditions.

What are the most important parts of an osmotic powr plant?

The membrane is the heart of the technology, wahtierbine is needed to generate
electricity, as well as pumps and pipes to trartspater throughout the plant. The
plant also comprises a water cleaning unit (to @nélogged/damaged membranes)
and a cleaning unit for the membranes (which rhaswashed regularly with current
system).

What is the production potential?

Osmotic power has a global potential in excess7f60ITWh annually, or equivalent
to 50 per cent of current power production in tie Ehe potential is approx. 180
TWh in Europe

Why has Inergy UK Ltd decided to invest in osmotigpower?

This is in line with our vision of meeting the wdd need for cleaner energy. At the
same time, we can draw on our years of experienasing river water and turbines
to generate power in the UK.

Is Inergy UK Ltd the only company developing osmoti power systems?

We are the only company aiming to generate elétgtitiy mixing freshwater and
seawater in the UK. The only other prototype gliglia on the Statkraft site is in
Norway (2)

How is the prototype constructed?

The prototype consists of membranes, pipes, aiclgamit, pressure exchangers and
a turbine. The plant is modular and consists ghi@ssure pipes with rolled-up
membranes on the inside. The advantage of a madisled plant is that parts of the
facility can be taken out of operation for cleanargl maintenance while the rest of
the facility remains in operation. The Stakraft fgfrototype holds a total of 200G m
of membranes.

What efficiency of current membrane technology?
The one we are going to test now has a efficieridgss than 1 watt per square metre,
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but we plan to install membranes that can deliv@natts after we have run the plant
for awhile. The objective is to reach in excesg ofatts.

How much electricity will the prototype generate?
It's designed for 10 kW, but will initially be armod 2-4 kW, enough to operate a
coffee-maker.

Will the plant be connected to the grid?
Whatever we generate will be supplied to the HuEmargiverk power grid.

When will Statkraft build a full-scale osmotic powe plant?

Statkraft are aiming for their prototype to be pecation for 2-3 years, their next
phase is a 1-2 MW pilot facility, before we buildudl-scale facility. They hope to
build a full-scale osmotic power plant in 2015.

What do you need to build a full-scale power plant?

First and foremost, the membrane must be bettenn& also be able to transfer the
pressure to the turbine without using too mucthefénergy in the system. Membrane
performance must be increased to in excess of & wat square metre to make it
commercially viable. We’re aiming for 7 Watts pguare meter

What will a full-scale power plant look like?

A power plant the size of a football stadium colédve a capacity of 25 MW, which
would require five million square metres of memla#&00 Osmogen modules each
with 10 000 M) . The plant could produce 166 GWh of electrigigr year — enough
to supply 30 000 European households.

How much water is needed for a full-scale plant?

To achieve an output of 1 MW, one cubic meter eglwater (per second) must be
mixed with two cubic meters of seawater at 12 Bbars means that a typical 25 MW
plant will need 25 rof freshwater and 50 hof seawater per second. As the
technology is based on modules, the power planbeastaled up or down according
to the available resources.

Where are possible building sites in the UK?
Anywhere where clean freshwater runs into the s&aferably close to
consumers/the grid.

Which parts of the world have the best conditionsdr production of osmotic
power?

All areas of the world that have ample access th freshwater and saltwater. In the
northern hemisphere, this is particularly interggtior Scandinavia, Russia and
Canada because of the water resources. Compaeablarces also exist in South
America and Africa.

Who came up with the idea of developing osmotic pa?

The late US professor Sidney Loeb had the ideaeéanembranes for desalination in
the early 1970s when he discovered that a similzrgss could be used to generate
power, that is, osmotic power. Back then, powecgwiwere so low that no one was

interested in investing to develop the technoldagyer on, the researchers Dr. Thor
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Thorsen and Dr. Torleif Holt at SINTEF began tcegsh osmotic power. These men
contacted Statkraft in 1996, which led to the bemjig of the development up to the
present day.

Inergy UK Ltd has been actively researching thanetogy since early 2009 with

system developments being considered with the Depat of Chemical Engineering
at Bath University and commercial investors

7. Potential power output per optional Osmogen resealtsystem

Membrane Area Power output No. of Modules /

System / Unit (m?)/module (kwatt)/module System
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Small (Back pack)

Mobile Unit i
Large ( Field
Transport vector)
Domestic System

Industrial System

Small Commercial Power System

Medium Commercial Power
Station

System / Unit

Small (Back pack)

Large ( Field
Transport vector)

Mobile Unit

Domestic System

Industrial System

Small Commercial Power System

Medium Commercial Power
Station

Greater than 10

200

200
1000

2000

10 000

Unit / System
Power Output
(kw)

0.5
25

5

1000 (1MW)
10 000 (10 MW)

25 000 (25MW)

8. Units, Formulae and Calculations

Concept principles:

0.5 1
1 25
1 5
5 200 (10 X 20 matrix)
10 1000(25 X 4 0 matrix)
50 500 (25 X 20 matrix)

Dimensions of Cylinder Modules / Units

Length (m) Diameter (m)
0.5 0.3
4 0.5
4 0.5
5 1
10 3
20 10

Osmosis is the passage of water molecules from higbncentration of water to
lower concentrations of water. Osmotic pressure dves the water through a
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reinforced selectively permeable membrane which dites the more concentrated
solution. This osmotic pressure can be used torggate power

Hardware and Natural Resources:

Sea Water / Saline
Fresh / Rain water

System designs currently being developed -
Osmogen generator — Model and small scale
Osmotic power station - Full scale viable power gerating system

Calculations:

Pressure Area

Measured in — Pascals (N/A) 1nf = 10,000 cmi= 10" cm?

1 Pascal =1 Nrif Volume

1 Nm*?=10* Nem® 1m® = 1,000,000 cm= 10 cm®

1kPa =1000Pascals = 1000Nf+ 10*Ncm™
1MPa = 1Nm?= 100Ncm?=10°Ncm™

1 atmoshere =1 bar = 1ONm™? = 10° Pascals

Force
Measured in — Newtons (N)

Force = Mass X Acceleration Force (Newtons)m x a = Kgms'
1N = 1Kg accelerating @ 10rifs

100N = 100Kg accelerating @ 10rifs
1000N = 1000Kg accelerating @ 10riis

Work done
Measured in - Joules (J)

Work done (Wd) = Force (N) x distance (m) = Joules
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Power

Measured in Watts (W) = Energy /time = Joules$
1Kg lifted 1m = 10 Joules

1Kg lifted 1m in 1 second = 10 Watts

1000Kg (1 tonne) lifted 1m in 1 second = 10 kW

Power potential of osmotic system is a function dhe following:

System design

Membrane efficiency (The permeability coefficient is determined expentally for

a given temperature. The more permeable a givenhrsara is to water — the higher
the coefficient}

Temperature (Increases with temperature according to the Jdaoft equation)

Solute Concentration of respective water sourcefincreases with concentration)
Number of solute particles per moleculéeg NaCl - 2 Particles / molecule in solution)
# The osmotic pressure of ocean water is abous2{ 27 x 16 Nm?)

Osmotic Pressure Equation (van’t Hoff Equation)

The osmotic pressure () of a dilute solution can be calculated usingftrenula
=IMRT

where:

i is the van ‘t Hoff factor (accounts for the numbéindividual particles of a

compound dissolved in solution eg. NaCl in solutiéh glucose in solution — 1)

M is the molarity of the solution

Ris the gas constant (0.08206 L - atm - m®?)

T is the absolute temperature

Note: To calculate the net osmotic pressure aa@assni-permeable membrane, (such
as a cell membrane) you have to calculate the osmpi@ssure on either side and
determine which vector is larger.

Osmotic pressure calculator:-

where:

Patent pending capyright Inergy UK Ltd September 2009 19



i = number of ions produced during dissociatiosalfite

@ = osmotic coefficient, unit less

C= concentration of all solutes, moles/L

R = universal gas constant, 0.083145 L-bar/moles-K

T = absolute temperature, K

The factorn is also called the dissociation factor or the tvEioff factor.

When you have a water analysis you often havedta¢ dissolved solutes (TDS) in
mg/L. The TDS does not give an indication about hiogvdifferent solids are
partitioned, it means that you cannot know the motecentrations of the different
solids dissolved in water. However, when you ar&ingacalculations for seawater
the calculator spreads the TDS over Sodiuni)dad Chloride (C). This is possible

because the concentration of these two elementsiéh higher than the
concentrations for other elements in seawater.

The theoretical formula used above is adapted ¢évatipnal conditions by membrane
manufacturers. Formula below is used by Dow / Febirtb calculate the osmotic
pressure:
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where:

= sum of molality concentration of all catgnts in a solution

(moles of solute/kg of sait)e

The molality is calculated with the following formai

maoles of solute
Malality (m) = -===========m—mmmmm
kilograms of solvent

# To calculate osmotic pressure with different ssgwse the following link:
http://www.lenntech.com/calculators/osmotic/osmtiessure.htm#ixzzOhXb3izgz

9. Commercial Feasibility

‘The global community needs power and fresh water F¥he Osmogen project
aims to develop modules and systems to provide botibavid Edgecumbe

In an osmotic power system fresh water (from egtuarer or rain) and sea water are fed into separa
chambers which are separated by a patent commestiatic membrane. Osmotic power stations can
be sited anywhere where freshwater flows out tesgewhich makes the Severn estuary an ideal area
for the first UK pilot site for a larger test syste

Global potential is thought to be more than 1700T¥hNorway for instance is considered to be able
to produce about 12 TWh (12 x*#@/h) per year. It's estimated that a power plaetdize of Wembly
could supply 15,000 homes. Such power plants sankee built as unobtrusive underground energy
systems.

Another attractive feature of osmotic power systérikeir simplicity and low noise pollution. This
can be of particular interest to thalitary who could be interested in portable (mebilsilent’ power
modules.

Aims and Objectives

To design and build Inergy optimised osmotic pomedules which can be used individually or
collectively to produce electrical power. The pyetnant issue and focus for research beyond system
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design is the Inergy cell structure, geometry amadenial nature of the ‘partition membrane’ sepaigati

the sea water from the fresh water. This partitieing a patented optimised selectively permeable
Inergy membrane. For optimisation of osmotic pop@tential the proposal would be to develop
matrices of Inergy cells which would increase teeotic potential through increased surface exposure

Other applications of osmotic power systems

Integrated Osmotic Power and Desalination Planés (&2 coupled to Inergy systems)

Commercial production of salt
Milestones (Target setting)

6 months - End of review on computation, numerétal software systems analysis. First phase Inergy
Power Module modelled and constructed.

12 months — Small scale models designed and catetiwith patent membranes simulated with
available materials using proposed Inergy cellglegiermutations

18 months — Trialling on coastal field sites withal scale models

36 months — Documentation of research findingsthasdis write up for Osmogen Systems power
production

Technical Feasibility and Commercial Potential

1. Commercial production of electricity

Statkraft are currently producing power at aboWa&ts/nf of membrane, with 5 Watts/nseen as the
break-even point — A ‘blue energy’ plant could heltwherever salt water and fresh water meet,
"from the fjords of Norway to Asia's estuaries.”

It is intended that each portable (mobile) Inergydule will be capable of producing 1 kWatt of power
Each will require a membrane area of 260ffhis is achievable with the unique Inergy design
proposals, each module containing three sets ofyneells encapsulating 67rof active osmotic
membrane. At 1 kW per module each module wouldlpce 8.76 MWatth/year.

Assuming a conservative ‘feed in tariff ‘of 10p p&¥atth each module could produce £876/year. An
achievable matrix system of 1000 (25 X40) Inergydoies could produce £876,000/year.

A bank of 7 Inergy Systems could produce £6,132@#ar for electricity produced.
2. Sale of modules and Systems

For modules:

If each kWatt module marketed @ £1000 (£1/Watt)

Production of 10 modules /day = 50 modules / 5wlagk = £50,000/week

10 production staff @ £500/ week =£5,000/week
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Materials for 50 modules estimated = £ 15000/week
Site Utility & Other costs = £5000/week
Potential profits:

Modules £50,000 - Costs £25,000 / week = £25,008ek profit = £1,250,000/year (If 50 working
weeks / year)

For Systems:

This could be multiples of this as global demanch&ges
3. Sale of Expertise and Consultation

Subject to project development

4. Sale of System Installation

Subject to agreed margins

Technical Considerations

The proposed design is intended to exceed anyrdurredel or system currently in place in terms of
aesthetic appearance, power to dynamic fluid volratie kw/n? and effective power output in
kW/MW.

10. Possible models for osmotic power systems usiBgmogen
technology

Possible Osmogen Power system
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Unique design Osmogen system and module componentsrently being refined
by Inergy UK Ltd. This will be the focus of R&D caupled with water
pretreatment and membrane treatment for enhanced éfiency.
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Additional potentials:

Salt harvesting
Power storage using large electrical storage cells
Integrating with Solar PV, Solar thermal and Wind power

Using flocculants to remove fouling material — sowe of
biomass and fertiliser material

Key developmental steps:

Related Technology
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The following abridged article is of interest. Osmgen may engage some of these
principles in their designs

Electricity By Osmosis
Jonathan Fahey09.17.09, 06:00 PM EDT

Putting osmosis to work to make fresh water and pow er.

The search for renewable power amounts to attetoptsmic, capture or concentrate
the energy produced by nature that is swirling adous constantly into something
strong enough to power a factory or a car or nmiof televisions. We mimic
photosynthesis in trying to capture the energhedun's rays. We use wind produced
by the Earth's rotation and the sun's heat toapimbine. We use bugs that excrete
alcohol to produce fuel.

Now researchers are getting closer to being abtatoess one of nature's most subtle,
and important, phenomena--one that keeps us alives lvirtually ignored, and

certainly nothing we would think of as being strampugh to power even a

flashlight: osmosis.

Water wants to chemically even itself out, andilt travel through a membrane to do
so. Water with a low concentration of a substaikaedalt will want to mix with

water of a high concentration. Life depends on titishow plants suck water into
their roots and it's the phenomenon behind bady lunctions like maintainingood
pressure, absorbing nutrients and metabolism.

Well, if water wants to do something, but can'trééates pressure. And pressure can
be used to do work. A new company called Oasys kVatended on technology
developed at Yale University, and the giant Nonaagienewable energy company
Statkraft are both taking stabs at harnessing osmos

Oasys, based in Cambridge, Mass. USA , has deglamovel way of goosing
osmotic pressure to desalinate water or store gn8tgtkratft is trying to perfect and
industrialize an older idea--getting between theing of fresh river water and salty
seawater at a river mouth to capture the energteddoy osmosis.

River water will be pumped to one side of a meméyamd salt water to the other.
The membrane prevents salt ions from flowing thigup the salt water draws fresh
water toward it, raising the water pressure orstidty side of the membrane. With the
help of pressure exchangers like those used iitibadl desalination plants, this
pressurized water will be used to spin a turbiBee{ Making Sweet Water From
(Almost) Perpetual MotioH)

The idea is simple. The membrane is not. The memeboécourse needs to be porous
to fresh water yet impervious to salt ions. Aldmugh, it needs to thin enough to
keep the salt water very close to the fresh wageabse the bigger the difference
between salty and fresh, the bigger the osmotisspire and therefore the power.
Today's membranes are relatively thick--they nedakt so they don't tear--but this
thickness creates a region of mixed water that nesdtie difference between salty
and fresh, reducing the osmotic pressure. (S&atér Wizardry")
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Statkraft's membrane can produce just three watiswer per square meter. Stein
Erik Skilhagen, who runs Statkraft's Osmotic Poaggration, says he thinks it needs
to produce five watts before osmotic power couldtw@mmercialized. Even that
would require a lot of membrane--5 million squaretens of membrane for a modest
25-megawatt power plant. (A typical coal power plarl,000 megawatts, a typical
wind turbine is about 1.5 megawatts.)

Oasys is trying to help nature along by increasisigotic pressure dramatically. The
scheme was invented by a company founder, Robe@&ihgs, while a doctoral
student at Yale University under the director ofe¥aEnvironmental Engineering
program, Menachem Elimelech.

Oasys first wants to use this scheme to clean tndus/astewater and, later, to
desalinate seawater. Strange, because now watesadinated using reverse osmosis,
a process by which salt water is forced againsembnane that lets fresh water
through but not salt ions. How can both osmosisramdrse osmosis be used to do
the same thing?

Instead of dividing salt water and fresh water,y@ativides salt water and saltier
water. This saltier water is water mixed with aqua type of salt called thermolytic
salt, in this case comprised of ammonia and cadiaxide. These salts, when heated,
turn to gas.

This extremely salty solution draws fresh watenfrine industrial wastewater or
seawater through the membrane, leaving brine befiimeh a small amount of heat is
applied to the thermolytic mixture, boiling awagtammonia and carbon dioxide and
leaving fresh water. (The ammonia and carbon dmisdhen recombined into a salt
to repeat the process.)
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The amount of heat needed is so small, just 20egsdCelsius or so, that Oaysis says
all it needs is waste heat from a power plant otoiy. Because it employs only waste
heat and a small amount of electricity for pumpivager (unlike with reverse osmosis,
the water doesn't have to be pressurized) Oasgstsegn produce fresh water at one-
tenth the cost of today's reverse osmosis plants.

Oasys plans to complete a tiny pilot facility byd@enber and is working with
industrial partners it won't name to install a mgidsystem in a factory by the middle
of next year.

Then Oasys wants to chase a bigger prize. It thindan use its scheme to be a big,
cheap utility-scale electricity storage device. ©sig, as we know, can be used to
produce power. While Statkraft's membrane can pregust 3 watts per square meter,
Oasys' can produce closer to 200, because of giiedsimotic pressure produced by
its ammonia-carbon dioxide salt.

The idea is this: Put two huge holding tanks--aesalt water, one for fresh--next to
a power plant. Use the waste heat from the pladesalinate the water. When more
power is needed during peak demand periods, conttvnsalt water and fresh water
to produce power. Its efficiency isn't great, jb8% to 80%, but because most of the
energy input is waste heat, that doesn't mattensch.

"Nothing could compete with this type of large schattery,” says Oasys Chief
Executive Aaron Mandell. "We could be a new typéndiependent power producer.”
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