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SR A (R (VOC catalyst)

— High temperature combustion catalyst
=N 5 [T B (Wet oxidation catalyst)
T (Photo oxidation catalyst)

Bly RS 5 ARl (De-dioxin catalyst)
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VOC Waste Heat Recovery

« Semiconductor Background/Strategy:
Recover heat from VOC exhaust
abatement combustion system by
Installation of heat exchanger on
combustion gases to transfer energy to the
site hot water supply system, reducing hot
water system natural gas consumption. by
12,000 MMBtu annually



VOC Heat Recovery System

R, >
PP1 Hot Water
A MaU MAU MAU| MAU| MAU| MAU 65} -
closed
4 \ 4 YV VvV VY ¥ ‘
V1
PP : pump

V : automatic valve

D : automatic damper
MAT: make up air unit :
D flowmeter

T: Temperature sensor

P Pressure sensor

VOC Exhaust
Air Outlet
(combustion gases)

PP3

®

3
Dpy
*—] V3
- T
® V3 V4
\I_:D Heat exchangeur
D1 400 kew

Air Température - 350°C
Air Flow - 11000 m3/h
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water flow : 60m3/'h
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Fumes to Fuel Technology

CONCENTRATOR FEFORNER ‘

VOC concentrator —applicable to chemical plants & Solid Oxide
Fuel Cell



Fumes to Fuel Technology

ELECTRICITY

Cleaned Air
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Process Air
Containing VOCs

Tharmal Oxideer or RTO



Heat Pump

Steam: Higher P Heat: Higher T
Steam Heat
Turbine ) | Work Pump fm— Wark

P = Pressure
T = Temperature

Steam: Lower P Heat Lower T




(g = Waste-heat duly delivered Heat Sink

to heat pump Heat Delivered by Heat Pump =0, + W
T = Condenser operating temperature Process Stream
Te = Evaporator operating temperature ¥ EEiI'Ig Heated

W = Work supphed to operate
heat-pump compressor

Condenser (Heat Delivered Here)

Te
Compressor
Work mesp Expansion Valve

W

M
\ Evaporator (Heat Accepted Here)
Waste-Heat Stream
Being Cooled >

~ Heat Source
Heat Delivered to Heat Pump = (O,

1. Waste-heat stream evaporates heat-pump working fluid at low temperature and pressure

2. Compressor increases pressure of heat-pump working fluid

3. Heat-pump working fluid condenses at high temperature and pressure in the condenser, providing useful heat to a
rocess slf'e:am

4. Condensed working fluid is expanded back to the evaporator



REVERSE CYCLE HEAT PUMP = HEATING CYCLE

4 weay
d Feversing
valve

Qutdoor coil

Heating
cycle

eXpansion  Compressor
valve

Check valve Check valve

. High pressure gas Low pressure gas
. High pressure liguid . Low pressure liquid




REVERSE CYCLE HEAT PUMP — COOLING CYCLE

4 way
reversing
valve

Qutdoor coil

Indoor coil
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. High pressure gas Low pressure gas

. High pressure liguid . Low pressure liquid



A Simple Example of Process
Integration by Pinch Analysis

 the following simple process where feed
stream to a reactor is heated before inlet
to a reactor and the product stream Is to
be cooled.

 The heating and cooling are done by use
of steam (Heat Exchanger -1) and cooling
water (Heat Exchanger-2), respectively.



Pinch Analysis

Pinch Technology provides a consistent
methodology for energy saving, from the basic
heat and material balance to the total site utility
system.

A Pinch Analysis starts with the heat and
material balance for the process.

After the heat and material balance is
established, targets for energy saving can be set
prior to the design of the heat exchanger
network.

The Pinch Design Method ensures that these
targets are achieved during the network design.



A Simple Example of Process
Integration by Pinch Analysis

 From the T-H plot, the X amount
corresponds to a DTmin value of 20 °C.

 Increasing the DTmin value leads to
higher utility requirements and lower area
requirements.
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Reactor e Product

1 Hot stream = Product CW=R
1 Cold stream = Feed
T Steam= A

200

100
20
80

4-2



Steam= A -\

Feed
—f
50

@

Produoct

W AC

Curves are 200
“shitted™
horizoncally

flil'l'i.ll'll"-. I'iII.'Il

A 'il'l'll-l.'.!":l-

apart by 2000

100 B
'!Ju G EEEE | EE
uther till they 80

(W=1-\

At

' i 5 Steam= A-X

: .ﬁl
' "

I Hot stream = Product

1 Cold stream = Feed

¥ 4
'II""III"'III"'II'I' FERFFEAFHAR

Recovered Heat= X
H

CWeB-X

(h)

4-4



The Grand Composite Curve

* The tool that is used for setting multiple utility targets is
called the Grand Composite Curve, the construction of
which is illustrated in Figure at next page.

e The "shifted composite curves” involves increasing the
cold composite temperature by ¥2 DTmin and decreasing
the hot composite temperature by %2 DTmin .

e The grand composite curve is then constructed from the
enthalpy (horizontal) differences between the shifted
composite curves at different temperatures (shown by
distance a in Figure (b) and (c)).



The Grand Composite Curve

T Tswiited
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Multiple utility targeting with the

Grand Composite Curve
__HP | 4 _HP




Multiple utility targeting with the
Grand Composite Curve
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Example

e Column integration
« Appropriate integration of heat engines
« Appropriate integration of heat pumps



Benefits and Applications of
Pinch Technology

* Since its commercial introduction, documented results
reported in the literature show that energy costs have
been reduced by 15-40%, capacity debottlenecking
achieved by 5-15% for retrofits, and capital cost
reduction of 5-10% for new designs.

* Pinch originated in the petrochemical sector and is now
being applied to solve a wide range of problems in
Industries as diverse as iron and steel, food and drink,
textiles, paper and cardboard, cement, base chemicals,
oll, and petrochemicals, Wherever heating and cooling of
process materials takes places there is a potential
opportunity.




Benefits and Applications of
Pinch Technology

General Process Improvements

« Update or Modify Process Flow Diagrams (PFDs)
Conduct Process Simulation Studies

« Set Practical Targets

e Debottlenecking

« Determine Opportunities for Combined Heat and
Power (CHP) Generation

e Decide what to do with low-grade waste heat




Future Outlook

 The development of Pinch Technology
started in the late 1970s and still continues.
Besides applications in energy
conservation, new developments in Pinch
Analysis are being made in the areas of
water use minimization, waste
minimization, hydrogen management,
plastics manufacturing, and others.
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Future Outlook

Regional Energy Analysis
Total Site Analysis
Network Pinch

Top Level Analysis

Optimization of Combined Heat and
Power

Hydrogen Pinch
Water Pinch
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