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Waste Heat Recovery using ORC turbines

Industrial waste heat : the example of France (1)

'Heat balance, fuel furnace, permanent regime :

Fumes loss
25t0 60 %

Loss due to openings
3to10%

Useful heat
100 %

Loss due to conveyors
Loss due to walls 3t010%

3to10 %

Source : ADEME (2014) @;«é@i
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Waste Heat Recovery using ORC turbines

Industrial waste heat : the example of France (2)

Typically : agro, paper, chemical industry Typically : steel mill, cement & glass factories
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Industrial waste heat : the example of France (3)

Useful heat
for production

Fuel
consumption

Waste heat definitely lost

Recoverable
waste
heat

Wasteheat . Heating networks

recovered ' _ Electricity production
and exported

Waste heat
recovered

on site . .
Energy efficiency

actions on site
Waste heat avoided

Source : ADEME (2014) %&,
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Industrial waste heat : the example of France (4)

paper others refineries

cardboard

Repartition de
la consommation

steel and .
0 other metals de combustibles cheml.stry
EJ‘ dans 'industrie plastics
315 TWh .
i ‘.:J:__ i oy
non metal
agro-industry materials
3x8h
with
weekend
StOpS 3x8h
Losses from | x8h no wteekend
biolers’ fumes INCOMMLU stops
) Losses from
Industrial furnaces’ fumes
waste heat
>100°C
51 TWh
Industrial
waste heat
Remaining heat >100°C
from dryers 51 TWh
Source : ADEME (2014) @ﬁg&
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Industrial waste heat : the example of France (5)

1,1 TWh
250 sites
1,400 MWe potential

Consommation Chaleur fatale :
de combustibles ~26 TWh
(hors MP) : ~287 TWh ~37 000 sites
~37 000 sites
(> 10 salariés)
Fuel consumption Waste heat Gross power Net power
production production

Source : ADEME (2014) %&
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Industrial Waste Heat Recovery

Purchased fuels
(oil, gas, biomass, etc.)

A )
T
Y J

K F S e

/

Genset ST, ORC Heat generation

(boilers, fired heaters/furnaces, etc.)

' ' :

Electricity generated
(engine, ST, ORC, etc.)

7

XD

Process

Vol

Electricity purchased

(oil, gas, biomass, etc.)

ORC

>
4 / .
Cooling system

(cooling towers, closed loop cooling, etc.)

Electricity e

Heat ——l

Cold r—

A

Surroundings
(rivers, air, etc.)
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Waste Heat Recovery using ORC turbines

Organic Rankine Cycle

FLEXIBLE EFFICIENT RELIABLE
= no fuel > no chemicals*
> no combustion = no need for high pressure
> no emissions = suitable with temperatures as low as 80°C

* hot loop .
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Waste Heat Recovery using ORC turbines

WHR using ORC technology in the world

In operations for 35 years, producing more than 3,000 MW worldwide!
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Waste Heat Recovery using ORC turbines

WHR using ORC technology : types of activities

other applications
0.3%

waste to energy
5.8%

pulp & paper

primary or fabricated metals

1.4% Ppetroleum and coal products

| 0.7% other

) . . 0.9% landfill gas engine
Diesel engine or gas turbine 66.8%

| 5.0% glass

0.9% L
chemical industry

3
y

S 8.3%
cement & lime

biogas
LNG

Source : orc-world-map.org (2015) @%&
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Waste heat

=
[ )

Working fluid vaporized
(vapor phase)
Heat Dry coolers
exchanger m

—

Cold Loop

& N
Hot loop

Organic Fluid Loop

/

Working fluid condensed
(liquid phase)

Wet coolers
- thermal oil

- superheated water
- (hot gas)

Sdka
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Figures for a very low enthalpy waste heat recovery
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Comparative table between ST and ORC solutions (1)

Steam turbines ORC turbines
Hot loop
fluid purified water steam thermal oil or superheated water
pressure 20 to 300 bar 5-20 bar
temperature 250-550°C 80-330°C
chemicals yes (water purification) no
reheating device yes (water purification) no
Working fluid loop
fluid dry purified water steam (HP) « organic » fluid

possible droplets at LP stages

water consumption yes no
pressure inlet turbine 20 to 300 bar 5-20 bar
temperature inlet turbine 250-550°C 80-330°C
pressure oulet turbine < 2 bar
temperature outlet turbines 100-45°C ~60°C
CHP possible possible
Turbine
blades up to tens of stages 1to ~15
diameter up to several meters 10 to 60 cm @.’&
rotation speed 1800-3600 rpm up to 1800 rpm

FORUM 2018
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Comparative table between ST and ORC solutions (2)

ORC versus steam turbines technologies Financial benefits choosing ORC tech.

Availability 80-90% 98% CAPEX -
Load variation -5/+5%  -60/+120 Installation and commissioning - +
Pressure, temperature High Low Exploitation, availability (incomes) - +
Corrosion (efficiency decrease) Yes No Maintenance, OPEX - +
Lifetime 15 20-25 Value and options at the end of the PPA - +
Water consumption, chemicals Yes No

Maintenance, OPEX High Low Overall benefits at the end of the PPA - +

S r&
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Steam and ORC turbines

Steam turbine ORC turbine

LP stages

[

;
Potential applications are not only ORC but also C02 cycle, natural gas expansion, process gas expansion, hot air energy recovery "‘“’
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Waste Heat Recovery using ORC turbines

Various ORC applications

Biogas, landfill gas Solar Biomass Geothermal

> Enhancement of biogas > Solar CHP with CSP field > Biomass to electricity > Natural hot sources
engine via exhaust, water > Solar CHP with CSP and > Biomass CHP > Medium temperature
Jjacket or both heat storage > Isolated site wells (from 80°C)

> Direct biogas to electricity

L conversion with boiler Re n ewa b I e E n e rg ieS

|

\
)
\

Industrial Waste Diesel and gas gensets Transportation Education and
Heat Recovery > Efficiency enhancement via research
. > Vessels
. exhaust, water jacket or both ]
Process Heat > Railroad > With boiler simulating
> Exhaust gases > Heavy Duty Trucks heat source

> Waste steam Energy EffiCiency JAN e’

'FORUM 2018
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Waste Heat Recovery using ORC turbines

Industrial waste heat recovery

* fumes

~ * industrial process

* excess steam
Factory grid

ORC module

= cement factories

= still mills

= foundries

= glass furnaces

= refineries

= aluminium smelters
> incinerators

= plants treating sewage through incineration
= paper factories

= agro-industry &
= etc. @/7 a2
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Case study : cement factory (1)

* Flue gas outlet temperature from all sources : 180°C

Hot source Cold source

Thermal cil loop Cooling water loop

| Hightemperature loop inlet temperature: 290°C

Recuperators Outlet temperature: 45°C
(Heat exchanger

on flue gas)

2 X ATM-3000H

High temgerature loop outlet temperature: 140°C

6 266 kW gross

Thermal oil loop data:
(Efficiency: 23,45 %)

| = Thermal oil mass flow : 79.1kg/s
' » Thermal power recovered: 26 713 kW
= Electrical consumption : 20 kW

Inlet temperature: 35°C

‘ )

5952 kW net
(Efficiency: 22,28 %)

Flue gas data from hot source 1 :

+  Massflow: 25.4kg/s /] \_ _J

= Available temperature : 377°C
*  Recovered heat : 5 220 kW

*+  Flue gas pressureloss in the heat exchanger : <1,5kPa
Flue gas data from hot source 2 :

= Mass flow: 123.2kg/s

= Available temperature : 339°C

*  Recovered heat: 20 315 kw

*+  Flue gas pressure loss in the heat exchanger : <1,5kPa
Flue gas data from hot source 3 :

= Mass flow: 7.1kg/s

= Available temperature : 339°C

*  Recovered heat : 1 178 kW

+  Flue gas pressure loss in the heat exchanger : <1,5kPa

Net power solution: 5742 kW
Efficiency: 21.49%

Cold source data:

= Thermal power dissipated: 20 402 kW

+ Water mass flow rate: 487.9 kg/s

+ Ambient temperature (annual average) : 25 °C

= Electrical consumption of the circulation pump: 58 kW
= Electrical consumption of the dry coolers: 134 kW
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Case study : cement factory (2)

Scope / Investment Performance

2x ATM-3000H (2 x ORC 3000 kWe) Net production : 5742 kiWe

Estimated CAPEX for turnkey PP: 20 MUSD ORC availability : 8500 h (97 %)

Annual OPEX : 0.5 MUSD Annual production: 45.936 GWh
Profitability

TRI (80 USD/MWh): 6 years
TRI (100 USD/MWh): 5 years
LCOE (10 years): 54 USD/MWh
50.0 LCOE (20 years): 32 USD/MWh

I I I I y! y5 y6 y7 y8 y9 yl0yllyl2yl13y14y15y16yl7 y18 y19 y20

Electricity tariff of 80 USD/MWh @,‘ﬁ%@.
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Case study : WHR from biomass dryer (1)

Charcoal and pelets factory:
recovering excess heat from the dryer

200 kW Electricity
Heat exchanger Prod Auct'i on
2,5 MW recovered
thermal power
130°C m

I > 50°C

Condense )

Pump |

Hot water loop

30 kg/s Cold water

19 kg/s

110°C

30°C

ORC (Scope of the pre-quotation)

200°C
Hot air

CLEAN ENERGY
FORUM 2018

The content of this document is the exclusive property of Sustenea and cannot be revealed, used or reproduced without the written authorization of Sustenea



Waste Heat Recovery using ORC turbines

Sustenea
Energy and Sustainability

Case study : WHR from biomass dryer (1)

Scope / Investment Performance
1x ENO-200LT (ORC 200 kWe) Net production : 180 kWe
_ _ ORC availability : 8670 h (99 %)
petimated global CAPEX: pO0KUSD Global availability: 8500 h (97%)
Annual OPEX : 15 KUSD Annual production : 1,530 MWh
Profitability
2,500 TRI (100 USD/MWh):  4- years
LCOE (10 years) : 92,5 USD/MWh
2,000
1,500
1,000
: .l
I I ! y3 y4 y5 y6 y7 y8 y9 yl0yllyl2y13y1l4y15y16y17y18y19y20
-500
-1,000
Electricity tariff of 0.1 USD/kWh oG
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SUﬂsmnea Waste Heat Recovery using ORC turbines

Internal Combustion Engines (ICE) heat recovery

Bectricity grid

Heat exchangers ,_-:\:_

* Diesel, HFO, gas, biogas

* Exhaust gases and possibly jacket water
heat the thermal oil with a heat exchanger

* Approximately 10% additional electricity
is produced

Dry coalers

ORC Module

ORC Heat Recovery:
Flue gas from gensets

ity
{
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Case study : WHR from a biogas engine

400kWth
>
Digester heating Power production
< A
I I
I I
I 1
I i
| :
> 1 1
Jenbacher 320 ! !
Engine : 1
650kWth @ | H
28m3/h : :
I I
< A I
1 70°C 15°C :
: Dry cooler I
1
I pump 1
LR |
Fa

Power

>
Digester heating production

FAY

90°C
>
Jenbacher 320 790kWth @
Engine sam3fh T
70°C

Integrated
cooler
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Waste Heat Recovery using ORC turbines

Gas flaring

ORC technology provides a solution to reduce flaring and venting

Low quality gases from well are diverted to a boiler (Thermal Oil Heater).

The 11ew ranking —top 30 flaring countries (2013-15)

Millian cubic meters
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Waste Heat Recovery using ORC turbines

Case study: oil wells conversion -> geothermal (1)

The estimated recoverable :
- heat output is 1580 kWth

- net power output is 88 kWe Electricity Production 98 KiWe
A 88 kWe
Ambient

temperature : 31°C

Hot water
110°C
o XX
50°C
>

Evaporator
1580 kKW
n ) XX
Condenser
N\
Pump 40°C
a— R

ORC (Scope of the pre-quotation)

Cooling system

/‘\
;
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Case study: oil wells conversion -> geothermal (2)

Scope / Investment .

600
ENO-100LT (ORC 100 kWe)

400
Estimated global CAPEX: 350 kUSD 20
Incentives : 0 - . l I I

o

OPEX : 30 KUSD i M [ ! .-
-200

Performance
-400

Gross production : 98 kWe Electricity tariff of 0.1 USD/kWh

Net production: 88 kWe

ORC availability : 8670 h (99 %) 2,500

Global availability : 8500 h (97%)

Annual production : 748 MWh 2,000

1,500

Profitability 1,000
| 1]
TRI (100 USD/MWh): 6+ years !__IIII
v > 0 2 9O O N> O QP
S P N AN

o

TRI (200 USD/MWh): 3-years
LCOE (10 years) : 87 USD/MWh 500
LCOE (20 years): 63,5 USD/MWh

Electricity tariff of 0.2 USD/kWh

o
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Case study: oil wells conversion - geothermal (3)

Estimate of electricity production for various flow rates and temperatures of the source

Electricity production — kW

160

140

120

100

80

60

40

20
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Ambient temperature : 31°C

~

~

—90°C

-

—100°C
—110°C

10 20 30

Mass flow rate — kg/s L Aan
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Waste Heat Recovery using ORC turbines

Ship’s diesel engine heat recovery (1)

Turbine
Evaporator

Inverter Recuperator

Electrical cabinet,
Condenser

ORC Pump
3-wayvalve
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Waste Heat Recovery using ORC turbines

Ship’s diesel engine heat recovery (2)

Waste heat >

Turbine expander

:g*" ‘ = Electricity
10 Organic ﬂf‘; :
fluid | Cooling
cvcle -
(i
Evaporator m Condenser
Feet%aump

Sea water

1.02 bar
o 0 >50°C
< 2150°¢ 160°C ﬁ_
ORC turbine
expander
' 1 g ) [,
ro © O @
2600 kg/h || Evaporator Regenerator Condenser || 8 m’/h
[ ] 1 J L]
. ; ' ' :
| ¢ @ e
\‘—A/
From engine's
exhaust gases
@) —a )
385°C <120°C </ 15°Cc O/

15.94 bar

s
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Waste Heat Recovery using ORC turbines

Ocean Thermal Energy Conversion (OTEC)

Longitude
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i | /
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g2} Air-conditicning
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Frash water
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[ 187t 20°C Bl 1ore than 24°C
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Drinking water

Hot water
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Contact details

Thank You for Your attention!

Nicolas Bernier \ S

nicolas.bernier@sustenea.com ‘/a:

+62 899 4749 259 m a @ S
ustenea

K Energy and Sustainability /
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