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To Begin with a Poser

Driving a car-only 1% is used for the job-70% is wasted In
conversion & another 20% in transporting the
transporter™*

*Natural Capitalism-RMI o%,. DSCI.
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Presentation Structure

m Brief introduction to the DSCL Group & DSCL Energy
Services

Minimum Energy Design-Concept
MED-Historical perspectives
Applications

Case studies-Conceptual

Case studies-Practical
MED-Looking ahead
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DSCL : Business Portfolio

Rs. 3000 Crs Conglomerate

MANUFACTURING

SERVICE
PLATFORM

- PLATFORM

PLATFORM
AGRI BUSINESS PLASTICS CHEMICALS
Fertiliser Commodity Commodity
*Agri-Marketing Speciality Speciality/
Value Added
eSugar

Agri-Retail

Haryali Kisan Bazaar

Fenesta

U PVC Window system

ENERGY SERVICES
DSCLES 1999

Power (>230 MW) ( RE >70 MW) (Export >25 MW)

S DSCL
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DSCLES - Overview

Established in 1 Energy Efficiency &
" Fotablished in 1999 Renewable Energy-over 150

Projects-net contribution of

m Largest ESCO in India with over over 525 MW in India and
40 professionals and fully oth_er countries in Asia and
networked offices in Delhi & Africa
Ahmedabad GHG Reduction of over 2

MNT/year
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Minimum Energy Design-Concept

m Energy need analysis
Movement of material/mass transfer
Heat transfer
Energy transformation/transportation
Computation

m Need fulfilment processes
Law of physics and chemistry
Bio-sciences

SSDSCIL
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MED-Brief Historical Perspective

m Early research in UK and Russia in 1930s for optimization of steam
distillation processes

m Flurry of activities in the 80s post publication of report on pioneering
work done by B Linhoff and others on HEN & ‘Pinch’

m Currently standard practice in some of the industries like refineries
and petrochemicals. Very little information on action in other
Industries

m MED concept developing to encompass all energy related activities
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MED-Applications

m Industry (Process synthesis, HEN etc)
m Buildings (LEED etc)

m Transportation (Power technologies, Ultra light material
technologies)

m Computation
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Minimum Energy Design-Industry

m Process synthesis
Mass exchange/transfer
Mixing
Separation
Reactions

m Synthesis of heat exchanger network (HEN)
Maximum heat recovery
Most cost effective engineering

m Synthesis of control system

Designing a system from

fundamental considerations

SSDSCIL
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Process Synthesis — An Example

Minimum energy consumption in sugar production by

cooling crystallization of concentrated raw juice

M Grabowski (Warsaw University of Technology); J Klemes (University of Manchester); K
Urbaniec, G Vaccari (University of Ferrera, Italy) and X. X Zhu

The sugar manufacturing process based on cooling crystallization
of concentrated raw juice is considered. Micro-filtration and
softening of raw juice makes it possible to obtain white sugar by
three or four stage cooling crystallization. Prior to Crystallization
raw juice should be concentrated by multi stage evaporation in a

pressure range below the atmospheric pressure. The preferred
evaporator arrangement is backward feed. As the temperature of
vapors and condensates leaving the evaporator station is low, the
opportunities for heat recovery is limited. In order to save energy,
vapor compression can be applied.

gstku@-coi.pw.edu.pl

S DSCIL
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-
HEN

m Process cold streams
(All streams where heat is being added)

m Process hot streams
(All streams undergoing cooling)

Cold composite curve (CCC)
Hot composite curve (HCC)
Grand composite curve (GCC)
Pinch

Heat exchange on either side of the ‘Pinch’ yields
maximum energy savings

Heat exchange across the ‘Pinch’ causes double waste

Use of ‘Pinch’ for audit can
dramatically improve

process energy efficiency
& DSC
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MED

Conceptual Analysis-
Case Study

Ammonia Process



Minimum Energy Design-NH,
Production

Nat. gas Steam Air

rod amMonia

1411 2735 2608 2567 1120 1000
: 110
Source : Theoretical model min. energy for Mass flow- kg/T ammonia
ammonia production Purge Gas

PhD Thesis-G C Datta Roy

& DSCIL
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SNW Heat Flow
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Energy Required for 1 MT of NH; Production

. 5.56 million kCal/T against the then prevailing benchmark of 7.0
m Heat of Combustion E P 8

Methane — 13265 kCal/kg

Ethane — 12400 kCal/kg
m Mass Flow Rate

Methane — 388.95 kg/h

Ethane — 32.4 kg/h
m Energy Required

388.95 x 13265 + 32.4 x 12400 = 5.56 million kCal/T of ammonia
m The above estimate

Includes 20% hydrogen gas loss in the process

Excludes energy requirement for compressors, pumps, refrigeration and
utilization of 1 T of surplus steam/ ton of ammonia

SSDSCIL
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MED

Conceptual Analysis

Sugar Process



JE
Specific steam consumption-White

Cane Sugar Process

m Steam is required in different ratt Bagort
processes like evaporation, Sugar Indusiry -
CryStal lization eftc. Energy efficiency opportunities

Prepared for;
m MED concept was applied for de-Lucia & Associates, Inc.

. ] .. Cambridge, MA
determination of the minimum

steam need against the then

prevailing consumption of Propared by

about 0.50 T/T of cane

crushing (expressed as % G.C. Datta Roy, Ph.D.

cane). Wis Man Goswam & S Goswari
S DSCL
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JE—
Recent development-2006-07

m Two factories have achieved steam consumption close to
calculated figures
GMR Sugar, AP-35% on cane
DSCL Sugar, Ajbapur-38% on cane

m Recent proposal from a sugar consultant-32% on cane

m Bulk of the 400 factories still operating at 45 to 50% on
cane
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Conclusion

m 40 to 50% savings can be achieved by application of
MED in many types of process industry

m In India, Sugar industry alone can save about 7.5 million
T of bagasse-power generation from the same would
result in GHG saving of over 5 million T/year

m Newer application of MED likely to result in revolutionary
changes in the energy-scope Iin the industries

13 August 2007 EMERGY SERVICES
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Retrofit Applications
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Retrofit Methodologies-Comparative
Evaluation

Methodology Guiding Principle

Conventional energy audit Mainly evaluation of efficiency of
the existing operating system, used
only for retrofit

Benchmarking Comparing against the existing
best-Gap analysis-Project design
MED Challenging the existing best and

setting new targets based on
fundamentals. Can be used for new
design as well as retrofit

13 August 2007 EMERGY SERVICES



Case study

Power Plant



Boiler Auxiliary — Gas Balance

Steam Flow 285 TPH
Stichiometric Air
required. 279 TPH
R Boiler ‘
A
A4
Economiser
7 Air lekage to atm. 16 TPH
Wind Box 9
Oxygen 3%
Excess air 47 TPH
Total air flow 326 TPH
Combustin Product 41 TPH Design Flow: 28.85*5
Total 373 TPH
A .
_ E— AirFlow 146 TPH i
< Coal Mills |—»
APH
T X
> Oxygen 6 % Seal Air Fan
Air Leakage in APH 65 TPH f
FD Total air flow 432 TPH
Flow 43.5 m3/sec PA /<
Flow 180 TPH
Flow 55.1 m3/sec
Flow 227 TPH
ESP
—>

Oxygen 7% N

Air Leakage in 1D

ESP 27.95 TPH

Total air flow 459.95 TPH

Flow/ID 163 m3/sec

13 August 2007
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Sankey of FD Fan — Present System

Motor eff: 93% Bearing Eff: 97.5% Impeller eff: 78% Damper eff: 29%
Motor loss: 10.7 kW  Bearing Loss: 3.5 KW Impeller loss: 30.5 kW “Damper loss: 77.1

Motor input: > M = >system Requirement
153 kW e

Fan input: Impeller input: System input:
142.2 KW 138.6 kW 108.1 KW

Present system eff: 20%

SSDSCIL
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Constraint on Pressure : Normalized

Condition

Wind Box Pressure

Silencer pr. Drop

Fan Load

Temp.effect

Moisture in
Coal

Excess air

Frequency

Boiler Load

Norm al Data

Measured Data

260
229
225
207

188

170 50Hz, 290 TPH boiler load,

20% Excess air 300C Ambient Temp.

49.9 Hz, 285 TPH boiler load,

153 17% Excess air 300C Ambient Temp.

Head mm WC

355

335

315

13 August 2007
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Constraint on Flow: Normalized Condition

Wind Box Pressure

Silencer pr. Drop

Fan Load

Temp.effect

Moisture in
Coal

Excess air

Frequency

Boiler Load

50Hz, 290 TPH boiler load,

Norm al Data 20% Excess air 300C Ambient Temp.

49.9 Hz, 285 TPH boiler load,
17% Excess air 300C Ambient Temp.

Measured Data

SSDSCIL
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0
Screening of Options : Constraint Screen

5 No Options Result
FD Fan Remarks
1 |Bxlalting fana + VFD with LT/HT mater Passes the Contraint
2 |Twa new fena with new LT motfor & V5D Passes the Contralnt
Wi|| net be cdequats for low frequency
3 |Exlating fana with lower RPM mator(740 rpm) when baller locd |a 303 TPH. - Doss not pass
X  |the technlcal consiraint screen
4 |New smaller dze fons with exlsating mator Does not pass the consiraint screen as
. X  |margins will be reduced
Deoss net pasa the conairaint screen aa
9 |Gear Bax X  |margins will be reduced
6 |Slip ring metor with 6RR [Net a nermal practics In power plants Nesd
X  |further study
7 |New aingle fan Doss not pasa the consiraint screen os
X |margina will be reduced
S DSCIL
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" S
Screening of Options: Economic Screen

5 .Me Options Savings | Investment | Result Remark
FO Fan K'wW Rs Lac
1l |Exisiting fams « VO whh LT/HT motor  [1B4  |74.l ‘i Mozt ecnomlcal option
2 Single fin + VFD whh LT motor 187 143 X A1 compared 1o one of ', gain bs lers but
(©Ons stand by fian) the cost b high

In addition to the above shortlisted option, single fan option for the existing boiler is

evaluated considering reduced margins.

S DSCIL
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Case study

Edible oil processing
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Fig. 5.2 Flow Diagram of Vanaspati Plant
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Table 5.7 - Steam usage in heating swstem

Heat Flow-rate Temperature =" Heat Gain
exchanger T/Hr G aliHr
Mo, Inlet Cruatiet Rise
1 A 2.5 25 S0 35 43,750
1 4 40 &0 20 40,000
z El 50 7O =lp| 40,000
3 k| raa) 20 10 20,000
4 4 75 a0 15 30,000
5 4 85 80 5 10,000
&7 T =5 BO 55 4,892,000
8 7 i) a0 15 52 500
=] F 85 90 =] 17,500
10 10 =T o5 18 75,000
14 10 le] 90 20 1,000,000
17 -4 =] =0 15 20,000
Total L.P. 5.51,250
11 10 B0 140 &0 3,000,000
15 <] Ta 190 THS 3.45,000

Total H.P. S,45 000

mpapdigaia ——rera PR

13 August 2007
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JE
Theoretical need

Particulars Units Quantity
LP steam Kcal/Hr 651250
HP steam Kcal/Hr 645000
Total Kcal/hr 1296000
Average enthalpy Kcal/T 500
Total steam required  T/Hr 2.59
Production T/Hr 10
Reqd. Sp. consumption T/T 0.26

SSDSCIL
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Specific steam consumption-28 Plants

Steam rate T/T

2.5 -

1.5 -

1 3 5 7 9 11 13 15 17 19 21 23 25 27

13 August 2007 EMERGY SERVICES
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Installations

- =
R 2 ™
s x -y

- a
..

Practical demo of
HEN in Edible oil

processing

CD PLANT
-k

4

CONVERTER HEN SYSTEM & DSCIUL
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Operating results

m Pre-HEN consumption-1.2 T/T
m Target consumption-0.55 T/T

m Best achieved-0.75 T/T

Retrofit challenges-Proper sizing & laying out HEN system

Dynamic heat transfer coefficient behavior of oil

SSDSCIL
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Case study

Paper
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Step by step approach-Retrofit solution

Min. energy Z:WGEIREETIGap analysis J@JiEisEiil o plementa%

Requirement
Measurement JaI=laelalag P14
Process system
Synthesis Overall gap
Accounting
Synthesis of BESYAELE Component
HEN Gap
Monitoring
Exergy System
analysis Overall usage EEVEUVE o]y

Technical Long term
journey plan
System
Intermediate
Economic & short term
Plan
Financial
M&E
Others mechanism

Overall Discreet Equipment
minimum Usage evaluation
need

S DSCIL
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Target
Reduction
59?43:) ;]/T Other
utilities

Controls

Lighting

Residential

Developing long term plan and

Setting annual targets

13 August 2007
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Scaling the Technology Ladder - Plan

Long term cost
reduction goal ’

Industry
Technology

R&D Innovation for MED

Proce
Energy
Savings

Process synthesis
nthesis of HEN

Sy sis of control system

I';Jr:::’ty Pumping System, Fans,
ray Boilers, HVAC, Steam System
Savings

Electrical System, Compressors

/

SSDSCIL
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MED Application-Looking Ahead

m The MED process Is expensive and complex-would
require huge capacity building at both ends-Industry and
Service Providers

m Market competition for global players likely to help in
faster penetration

m Energy and environmental compulsions would also
catalyze-example of sugar

13 August 2007 EMERGY SERVICES
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Nanoscience*-Exciting Application of

MED Concept

m Production of hydrogen from water

m Selective catalyst for EE in manufacturing processes
m High efficiency solar cell at 1% of present cost

m Super light weight materials

m Nanostructured materials for fuel cells, batteries etc

m Biotechnology for materials synthesis and energy harvesting

*www.sc.doe. gov/bes/reports/flles/NREN report.pdf

& DSC’L
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