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Turning waste heat -

into

Clean Energy




¥ BEP Europe
. - BEP Europe is part of a
:2008 [ international group wms,

ORC global sales network tion
241006 [l facilities in US, Chi m.
AT R - BEP Europe in Brugge

: — >100 people

& D
fabricom] — 7500 m? production
B M o including machining, wel
sV.E I assembly, testing
Ve L 0 |
= () @ T — Automotive, Clean Energy.

— Approx. 35 M€ turnover/year
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BEP ENERGY's mission is to provide sustainable energy solutio
based on common sense: No Heat To Waste!

With our E-rational machines, low grade waste heat s tra
to virtually free green electricity

E-rational stands for a rational, logical approach of susta
energy production. With a subtle hint of irrationality in our
name, we want people to start thinking aboutcurrentirrational
energy approachesand use again their common sense.

Consistentreasoningcombined with proven facts hasled to our E- .
rational productrange
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E-RATIONAL  The multiple “E” of E-Rational

Ecology ‘

Electricity Economy

Excellence Environment
E-Rational

Equilibrum

Evolution
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Long Track record as equipment
manufacturer

- Automation projects

- End of line testing equipment for
automotive industry

- “Wheel and tyre” assembly

- Equipment for energy recovery
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Renewable energy Consumption by Source
(US DOE-EIA Energy Survey 2006)

More Waste Heat
available from

US Industry than all
renewable energy sources
combined
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e-ratioNaL — Qrganic Rankine Cycle
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‘Rankine cycle: Steam cycle: high temperature A.lre
-Organic: use of cooling fluid <o Low temperatu

‘Waste heat transformed into electricity -
‘Working range ORC medium: §0-150°C
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E-RATIONAL “Fuel” for ORC?

VALUE FOR HEAT

-‘Waste heat which is lost anyway:

‘Engines, CHP (gas, bio gas, diesel, ...): jacket coolin gas
-‘Low pressure (waste) steam
-Industrial processes:

-Steel, glass industry
‘Combustion processes (bio fuel, waste incinerat
-‘Exothermic processes in chemical industry
‘Petrochemical industry: cool down distillates
‘Power plants

-Geothermal applications, District heating, CSP
‘Fluids and gases
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Parameters for efficiency
-“Carnot” Efficiency : only theory
-‘Hot side
-Cold side: the colder the better
-Efficiency of ORC components: fluid, expand
‘Real ORC efficiency : fraction of Carnot : 30-6
-Optimise external users: cooling circuit, pumps

Carnot Efficiency: = 1 — E Carnot for cold side: 25°C = 298K

T1  400°C:55,7% .
Whereas 200°C 36,9%
T1 is Hot Side (K) 120°C 24,3% => ORC:8,5-11%

T2 is Cold Side (K) 90°C 17,9% => ORC: 6-8%
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nae - E-Rational ORC Units

‘Range scalable from 50 kWe — 450 kW
-‘Modulair design
-‘Expander using Z-screw technology

-Use of standard components:
-Optimised cost

E-RATI

- O

‘Reliabe and durable concept
‘Low maintenance
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VALUE FOR HEAT

C= KuK_Trizeps
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3008 rpm
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C= KuK_Trizeps

ORC Software control

ALARM &
CS ERROR
PARAMETERS
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E-RATIONAL ORC Software control
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SETUP PARAMETERS: ONLY FOR TRAINED PERSONNEL

— MANUAL MODE—————

RCtie

CEH=

FRODUCED | = AUTO : : LOGGING PARAMETER
KW CONTROLS ‘ SERSETAG CHART SETUP
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erarionat  E-Rational ORC1000

-Thermal power up to 1000 kWth

-Asynchronous generator 400V AC 50Hz
‘Hot side powered with Low pressure steam oll
‘ORC medium: Honeywell r245fa or Solkath

‘Input Temperature: 80-150°C
-‘Extended software control
-Controlled and Seamless connection on the grid
-Size: 2300 x 2300 x 1800 mm (LxHxW)
‘Weight: 4000 kg

-‘Built according to PED 97/23/EG
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nae - E-Rational ORC1000

ORC1000 Power Range
‘One main platform
-Efficiency Depending on working conditio
‘Power range: Expander/generator sets
-95kWe
70 kWe
90 kWe
110 kWe
-Asynchronous generator 400 VAC 50 Hz

E-RATI

""O
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e-raTiONAL E-Rational ORC1000 Unit
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erarionat  E-Rational ORC4000

-Thermal Power up to 4000 kWth

-‘Bruto 250-450 kWe- 400V AC 50Hz
‘Hot side powered with low pressure steam, oil
‘ORC medium: Honeywell r245fa or Solkath

‘Input Temperature: 80-150°C
-Extended Software control
-Controlled and seamless connection on the grid
-Size: 20 ft container (6m x 2,5m x 2,6m)

-‘Weight 25000 kg
-‘Built according to PED 97/23/EG




4

nae - E-Rational ORC4000

ORC4000 Power Range
‘One main platform
-Efficiency Depending on working conditions
‘Power range: different expander/generator
250 kWe
-315 kWe
-370 kWe
400 kWe
450 kWe
-‘Option: ATEX 250 kWe
Asynchronous generator 400 VAC 50 Hz

E-RATI

""O
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erarionat  E-Rational production

VALUE FOR HEAT

Example (values per year)
50 kWe * 8 000 h =400 000 kWh =400 MWhe
250 kWe * 8 000 h =2 000 000 kWh =2 000

Compare:

4 000 m* PV #3320 MWh «1 224 Tonnes CO2 « 91
50 kW ORC households

250 kW ORC 40809 \Wivh: 289 Jo0rrsnkécdi4 570

households households
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erarionat  E-Rational Applications

Proviron Base Chemicals, Ostend Belgium

-Exothermic chemical process
‘Waste Steam recovery:
‘Low pressure waste steam 3,5 bar max 3,
-Cooling: cold water
‘Power production: 200 kWe net
-Yearly production > 1500 MWhe
-> 1000 Tonnes CO2 Reduction per year
‘Water saving > 27000 m3/year
-Type: E-Rational 4000-250 kWe ATEX




naL - E-Rational Appllcatlons
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E-Rational Application

S
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Vanheede Environmental Services, Quévy B

-Digester+ biogas Engines
‘\WWaste heat recovery:
‘Hot water 88°C
-Cooling: air condenser
‘Power production: 40 kWe net
-Yearly production > 340 MWhe

-> 240 Tonnes CO2 Reduction per year
-Type: E-Rational 1000-55kWe
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naL - E-Rational Applications

| R b

Waste heat recoveryrin'biomasstinstallations
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E-RATIONAL |- Ratlonal Appllcatlons
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e-rationat - E-Rational Applications

Howest, Kortrijk Belgium ‘

- Technical highshool
‘Research and testing on energy applications In
‘ORC test unit
‘Hot water variable 70°C-150°C
-Power production: max 11kWe
-Simulation of working conditions
‘R&D machine, special development

- O
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nae  E-Rational Benefits

E-RATI
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- Generated power can be used or sold
 Best ROl in industry, High IRR

 Very Low operational costs

- Plug and Play skid concept

- Machine easily moveable

- Fast installation and start-up

- Good partial load performance




= STReEBL ENERGY ™

RENEWABLE ADVANCED TECHNOLOGIES

LOCAL PARTNER:

Strebl Energy Pte Ltd

316 Tanglin Road #02-01

GreenHub, Singapore 247978

e-mail: info@streblenergy.com

phone: +65 6801 0688, +65 6801 069, +65 6661 0639
www: www.streblenergy.com




