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Energy Cost in Corn Refining Industries Operations

« Corn processing is very energy intensive

* Energy costs are the largest operating cost for the wet corn
milling industry, next only to the cost of corn.

« Corn wet milling uses 15% of all energy used by the food and
kindred products sector of U.S. manufacturing

* For a typical plant processing 100,000 bushels per day,
energy cost is approximately 25 to 35 million dollars per year.

« This represents $0.75 to $1.50 cost per bushel of corn
processed.

» Energy cost is projected to be the fastest rising cost element
of the operating cost
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Primary Energy Use in Corn Refining Industries

e Process/Assembly (P/A)

— Process heating - Drying
e Steam Generation
e Fuel firing

— Machine drive (Pumps, Fans, Blowers,
Compressors, Vacuum pumps, Other Electric Motor

Driven Systems)
— Water and other utilities

e Building (HVAC, Lighting etc.)

Arvind Thekdi - E3M, Inc.
Corn refining Industry Web Cast 030805
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Energy Use Distribution
for Typical Corn Wet Milling Operation

Portion of Primary Energy Use

Germ
Other wash/drying
9% 7% Starch drying
31%
Fiber wash/drying
10%
Steepwater Gluten .
evaporation dewater/drying
18% 25%

eSource: Energy efficiency Improvement and cost Saving Opportunities for the Corn

. i Wet Milling Industry, A report (LBNL 52307) prepared by LBNL for the EPA
Arvind Thekdi - E3M, Inc.

Corn refining Industry Web Cast 030805
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Supplying heat
to materials using

* Dryers

e Boilers
* Furnaces
e Ovens

e Kilns

for further processing in
manufacturing operations

Arvind Thekdi - E3M, Inc.
Corn refining Industry Web Cast 030805
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Process Heating System Components

All heating systems include nine basic processes/components

Heat Containment

Energy Source\> Thermal
(fuel, electricity, etc.) P rocesszng
of Product

Heat Materzal
Generatlon

M ial
i | m;?

Crosscutting Enabling Technology

Sensors/ Design Tools/
Process ‘ol\‘ltliaﬁ:"ig?sd Systems
Controls Integration

Arvind Thekdi - E3M, Inc.
Corn refining Industry Web Cast 030805



U.S. Department of Energy

Energy Efficiency and Renewable Energy

Process Heating Assessment and Survey Tool
(PHAST)

Process Heating Assessment and Survey Tool (PHAST)

L B

Introduction PlantEquipment Information  Furnace Analysis - Heat Balance

Reporks Imporkt Plant Information Export Plankt Information

Click on the Desired Button For Information

Exit Application

Development supported by E3M Inc.

Phone : 240.715.4333 E-Mail : athekdi@e3minc. com
Fax - 301_208_ 9077

Thiz Application iz developed by Oak Ridge Mational Laboratomny in cooperation with Industrial Heating
E quipment Azzociation [I[HEA) and a subcommittee consisting of members from majar industries and
equipment suppliers acting as advizor for the tool development.

Arvind Thekdi - E3M, Inc.
Corn refining Industry Web Cast 030805
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Process Heating Assessment and
Survey Tool (PHAST)

What is PHAST?

A tool that can be used to:

« Estimate annual energy use and energy cost for furnaces and boilers in a
plant

« Perform detail heat balance and energy use analysis that identifies areas of
energy use, efficiency and energy losses for a furnace

« Perform “what-if” analysis for possible energy reduction and efficiency
improvements through changes in operation, maintenance and retrofits of
components/systems

« Obtain information on energy saving methods and identify additional
resources

Arvind Thekdi - E3M, Inc.
Corn refining Industry Web Cast 030805
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= -%_-' Process Heating Assessment and
N Survey Tool (PHAST)

T e+ v o P S L e b e

« The Process Heating Assessment and Survey Tool (PHAST) was developed
by Oak Ridge National Laboratory in cooperation with the Industrial Heating
Equipment Association (IHEA).

* A subcommittee consisting of members from major industries (i.e.,

petroleum refining, chemical) and equipment suppliers acted as an advisor
during the tool’s development.

« Development efforts were supported by The Office of Industrial
Technologies (OIT) of the US Department of Energy (DOE).

Arvind Thekdi - E3M, Inc.
Corn refining Industry Web Cast 030805
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Process Heating Assessment and Survey Tool
(PHAST)

Process Heating Assessment and Suryey Tool {PHAST)

L B

Inkroduckion PlantfEquipment Information  Furnace Analysis - Heat Balance
"rr1
Reports Import Plant Information Export Flant Information

Click on the appropriate button for further information

Exit Application

Thiz Application iz developed by Oak Ridge M ational Laboratom in cooperation
. with Industrial Heating E quipment Azzociation [IHEA) and a subcommittee

conzisting af members from major industies and equipment suppliers acting az
adwizor far the application developrient.

Overview
of features and use

Corn refining Industry Web Cast 030805
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Main Screen

The main screen is used to
select the required section
of PHAST.

There are six options
Introduction
Plant Energy Analysis
Furnace Heat Balance
Reports
Export Plant Information

QU kAW e

Import Plant Information

Arvind Thekdi - E3M, Inc.
Corn refining Industry Web Cast 030805
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Introduction

Introduction

This section includes

e A number of calculators to assess effect of key furnace
operating parameters on the furnace performance.

e Resources that provide additional-updated information.
A. Link to DOE-OIT and IHEA web sites
B. Glossary of terms used in process heating
C. Reference material related to process heating

Arvind Thekdi - E3M, Inc.
Corn refining Industry Web Cast 030805
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Process Heating Calculators

Inkroduction

S The calculators can be used to

Click here for more information on process heating |

1. Compare gas (fuel) vs. electrical

Energy Equivalency IrEElig'i;r:::nl ] 02 Enrichrent Flnugnté?lgiullj ;igns . - .
o] — energy for heating applications
Duypgen in Flue Gas [%] I E I o . ..
Flue Gas Temperature [Degree F.] I 1600 I 1600 2' .EStImate energy e..ffICIenCy .
Ercee 4 4 EZ G improvements  with proper air-fuel
0 IEED X ration control and use of air
Available Heat [% of Gross Heating Yalue] I 43.76 Iiﬁﬁﬂ? .
Fuel Savings (%] I Base I 34.07 preheatl ng
S P e S | wf] 659 3. Calculate effect of O2 enrichment of
combustion air for energy savings
4. Calculate air or gas flow with use of
i | e el e orifice flow meters in gas or air lines.

13
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Information on Process Heating
and web-page links

Clicking on the top bar leads to three
links.

— Glossary section gives a list and brief
description of commonly used terms
in the process heating industry

— Link to DOE OIT Best Practices web
R page. The web page includes wealth
: of information on energy efficiency
improvement

IHEA, - Homepans — Link to IHEA web page. This links

include information on process

L| heating equipment suppliers and links
to web page of some of them.

s, Process Heating Resources il

DOE- QIT - Best Prachices

Arvind Thekdi - E3M, Inc.
Corn refining Industry Web Cast 030805
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Plant Equipment Information

Flant/Equipment Information

The “Plant Information” section of PHAST is used to
survey the process heating (PH) equipment used in a
plant, estimate their energy use and cost and compare

relative energy cost for all PH equipment.

Arvind Thekdi - E3M, Inc.
Corn refining Industry Web Cast 030805
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PHAST Survey Forms

Proces s Heating Assessment and Survey Tool (PHA 5T}
Surey Form

Survey forms are used to collect
energy use data for the furnaces,
heaters etc.

1. The forms are used to collect
information on process heating
(PH) equipment energy supply and
operating data that needs to be
entered in various sections of
PHAST

2. The survey forms are given as MS
Excel spreadsheets.

Arvind Thekdi - E3M, Inc.
Corn refining Industry Web Cast 030805
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PlantfEquipment Information

Energy Use

_[ofx|
file Help
Campany Name  ABC Corporation PlantMame  Excellent Heat Treating
Furnace List Fumace Name  (Cabuyrizer 1 [reate with other Fumace data
el wod Description IContinuous catburizer
Mo | Fumace Mame
1 Carburizer 1 Operation Hours Infarmation Heat Zone | Ausilary Equipment |
2 Carburizer 2 Heat Zane List ~Zone Inf
O [¥arthimimece Double click to select
4 Tempering Fumace 1 Zone Mame |Pleheat
5 Tempering Fumace 2 No | HeatZones ~Fuel Firing
6 ‘washer-D
ST 12 E'::fat Type of Fuel [\ atural Gas | Mo of Bumers/Section [
3 Soak Zong Burner Rating - Millian B tushr 4 %of rated capachy used a0

All Burners

~Electic Heating

% of rated ity used
Kl rating for all sections ] o raled capacily s 0

~Steam Heating

Steam pressure [psig) _35 Steam temperature [F) lw
Steam flow bs/hi [0 Total heat for steam [Btudbs) lw
Zofratedcapaciyused [

AddMewZone|  Delete Zone - Previous Tab| MestTab

Hew Furnae | DeleleFumacel Close |

Arvind Thekdi - E3M, Inc.
Corn refining Industry Web Cast 030805

Heating Equipment Inventory and

Forms in this section are used to enter
equipment inventory information

Type of fuel — energy used and unit cost

Number of heating equipment (boiler,
dryer, heater, oven etc.) and their
operating information

Information on auxiliary equipment such as
motors, pumps, fans etc. associated with
each heating equipment

General information for the company,

plants and general description of the plant
information

Use one form for each plant.
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Reports

Energy Use and Cost Distribution Report

Tempering Furnace
Termpering Furnace

Plant Furnace Summary

W carbu zer 2 445%

W carbur 16.5%

[ vacuum Fuma:e 13.7%

O Tempering Furnace 2 11.4%

1 Tem) panng Furnace1 B8.7%

W Washer - Dryer 51%

Total 100.0%

Vacuum Furmace
Carburizer 1
P Heating E i-Energy Used and Cost Distribution
e Pud Energy Use | Hleriric Energy Sheam Arwmgl Woof | Cumodt.
_ Mallicn Use - Thowsand Energy Use Cost Total W of
TR BiuYer EWh Year Millicn Biu'Year ($Year) Cost Cost
Carbnrizer 2 048000 852000 0.00 B3 86000 | 44.54 [ 4454
Carbamrizr 1 51,840.00 192.00 o.oo 302,640.00 | 16.50 61.04
Wannmn Fimace 0.00 4 569 00 0.00 25670500 | 1373 | 7478
Tempering Fimace 2 28 15000 52.00 000 213 A6000 | 1142 [ 86.19
Tempering Fimare 1 21,240.00 52.00 0.00 162,160.00 | 267 | 0486
Washer - Dryer 300,00 108500 15,552.00 9606500 | 514 | 10000
Total 167 240 00 14873 00 1555200 1260 08000 (LOO OO

Arvind Thekdi - E3M, Inc.
Corn refining Industry Web Cast 030805

The report shows

e Estimated annual energy use and
estimate annual cost of energy for
heating equipment (furnaces, ovens
etc.)

e List of heating equipment and % of
total energy cost used for each
equipment in order of annual cost of
energy used.

Use this report to identify high
energy user equipment and to
select one or more furnaces for
further analysis

18
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What Next?

e Review energy use and energy cost for the furnaces surveyed
e Select a furnace to analyze energy use distribution
e Collect necessary data using the survey form

e Perform detail heat balance for the furnace using
section of PHAST

e Review energy use pattern and identify energy saving
opportunities

e Perform “what-if” analysis to study effect of the energy saving
opportunities

Arv
Corn refining Industry Web Cast 030805
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Heat Balance Analysis

Furnace Analysis - Heat Balance

e Analyze the energy used in various parts of a furnace under a given
operating condition. The areas for energy use include charge or load,
fixtures, trays etc., wall losses, water cooling losses, losses through
openings and exposed hot parts, flue products (or exhaust gases)

and heat storage.

e This section allows the user to identify major areas of energy use
and the magnitude of losses to study the effect of changes in
operating conditions and their effect on the energy used in the

furnace.

Arvind Thekdi - E3M, Inc.
Corn refining Industry Web Cast 030805
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Heat Balance Section

Furnace Analysis - Heat Balance

. Source of Data Information §3 =1o] x|
F“;Iar?te“;ame Excellent Heat Treating Furance Mame Carburizer 1 ° A n u m ber Of forms a re used to enter
_ data for various areas where heat is
[ [ cher\’l:stses-expol.sed hat parts ITEIue gas Ios::s"c;ombustlon CDndeFT :eat .Slorage u Sed i n a heati n g eq u i p m ent
Met Load Weight Iweight of fistures, trays, baskets etc.T Atmosphere L The a rea S i nCI U d e
Current Modified - Load
;yFe of Material . fNﬂl Carbarn Steel IEarbon Steel =l — FiXtu reS, trays, baSketS etc.
nisture content [ o l—1 l—1
D el 5 T — Wall losses
I:itiall TTemD.[[FF]]  m — — Openi ng losses
ol Crae e el ,—'1852 ,—'1852 — Radiation loses
ot | 0 | g — Flue gas losses
% of Charge weight reacted | i |Endothermic j | i |Endothermic j
Heat Blu/hr 1,430,130 1,430,130 — Heat sto rage
Process g T | e A data base includes thermal properties
P 1| tentan || of commonly processed — heated used
I I materials.
Current Net Heat (Btu/hr] 3.099.737 Summary Enter/Edit Modified Data . .
Modifiod Not Hoot (Btarhr) 2 83,705 o [ o Total heat requirement (Btu/hr) is

calculated and displayed at the bottom
of the data table.

Arvind Thekdi - E3M, Inc.
Corn refining Industry Web Cast 030805
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Ifeasure flue yas temperature {deq. F.) by using "proper"
temperature probe. For temperaiure below 7000 Fuse a probe
wiith For higher D e a probe
with "shielded" thermocouple showid he used, if actuafl

measurements are not possible fren use the fiuimace zone
temperature plus 100 F (or 200 F. for indirectly heated furnaces) | Previous Tab' Mest Tab |
as approx fire gas temp: e

Summary

Current Met Heat [Btu/hr) 3.099

Enter/Edit Current Data

Moditied Met Heat [Btu/hr) 2,335,735‘ Beport | Close

. Furnace Summary

Current
Met Heat 3.099.737
Gross Heat [ Brudhr ] 7,089,975
Energy Uzed BT / Pound 1182
Thermal Efficiency & 21.02%

=10/ ]

Modified
2,836,786
5,351,128

477

25 42%

Arvind Thekdi - E3M, Inc.
Corn refining Industry Web Cast 030805

e Heating Performance summary

Click on “Summary” button would open
a form that shows summary of the
furnace performance.

The table shows: net heat requirement
of the furnace; gross heat and energy

used per unit (Lb.) of the products or

material being processed.

It also shows Thermal Efficiency of the
furnace based on heat delivered to the
load compared to gross heat input for
the furnace.

Thermal efficiency is NOT the same as
available heat for the furnace.

22
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Y

- Heat Balance

Furnace Analysis Report

Distribution of Heat
Consumption

Comng amy © LBC Corportion Fumnace © Carbrizer 1
Hlamt Ecellort Heat Treating
Current Condition Net Heat Conrumption Data

W Metioad weight 481%
W Fixtures etc. |0
I wal 116%
O Atmosphers 50%
O wvater 48%
W Cther 17%
O Ceening 08%
Totat 100.0%
Fintures ete.
Heat Storage (Bhu): 50,320,220 00 Themmnal Bifidency (V) : 2102
Avea of Heat Comnumngiion Bhvhour
Hetload mreight 1490,19000
Phibes etc. 365,000.00
Wl 35806800
Atmosphers 15500000
Whater 15030000
Other 5339600
Opening 2478300
Total 3,099,737 00

Arvind Thekdi - E3M, Inc.
Corn refining Industry Web Cast 030805

—y Energy Use - Losses Distribution

The report shows

Analysis of energy used in
various parts of a furnace
under a given operating
condition.

23



U.S. Department of Energy

Energy Efficiency and Renewable Energy

Modified Conditions Data for
Performance Improvement

& 5ource of Data Information =]}
File Help
FPlant Hame Excellent Heat Treating Furance Name Carburizer 1

[ DOther losses expoged hot parts Iflue gas lozzes combustion CDHdIlIDnSI Heat Storage
[ Water - cooling T Wall lozses T Openings
Net Load Weight Iweight of fistures, fravs, baskets etC.I Atmogphere

Current Modified

Carbon Steel 57

Type of Material MNew

rMoisture content [ of

. Source of Data Information

|0l x|
File Help

Plant Hame Excellent Heat Treating Furance Name Carburizer 1

[ Other lozzes expozed hot parts IE|LIE gas lozzes combustion cnndltlnnsT Heat Storage
[ W ater - cooling T Wall lozzes T Openings
Het Load Weight Iweight of fixtures, trays, baskets etc.T Atmosphere

Current Modified

material charged)
Charge weight [Hz/hr]

Iritial T emp.[F] 100 10a
Final Temp.[F] 16560 1E50

% of Charge weight meled
#vaporized il
Heat of reaction [BtuH]
of material reacted

% of Charge weight reacted |

0 IEmdolhelmic j | 1] IEmdolhalmic j
Heat Btudhr 1.430,190 1,450,190

Sowres of Data / Informalion
Process given

EleviousTabl ﬂektTabl -

Current Met Heat [Btu/hr)
Modified Net Heat [Btu/hr)

Enter/Edit Modified Data

Fepart Llase $
g

3,099,737 Surnmary |

2.836.786

toigture content [% of
matenal charged)
Charge weight [#3/hr]

Initial Ternp.[F]

Final Temp.[F]

% of Charge weight melted
Jvaporized

Heat of reaction [Btu/H]

of material reacted

% of Charge weight reacted

Heat Btushe

Tupe of Material Mew I Carbon Steel -
=

—

—T

=

=

=

| 0 IEndothermic j I 1] IEndotherm\c j
1.430,130 1.490.190

Sowres of Data / lnformation
Process given

Previous Tabl Hext Tab -

Current Net Heat [Btu/hr]
Modified Met Heat [Btu/hr)

3.099.737
2

Enter/Edit Curent Data |
Bepart | Cloze |

Use

Enter/Edit Modified Data

Button

to switch from “Current Condition” Data
to “"Madified Conditions” Data

Arvind Thekdi - E3M, Inc.
Corn refining Industry Web Cast 030805
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L Heat Balance: Energy Use - Current vs.
= Modified Conditions

Comparision : Co.nsumption .af Heat
» Current v's Modifisd Operation The report ShOWS
E :
{> e Comparison of energy use for
current operations and with
S [

ok eos Wt e owo e possible changes (what-if
S oo analysis) in operating

— T conditions for the furnace
Eansumption(Btuhe) Consumpt bnBruh ) L]
AMrnospham 135,000 00 130,000 00
Fidurs s, FEE000 00 TE000 00
Pl Cas 3,000,255 00 024,342 00
et bad we'ght. 1,450,170 40 1,420,150 00
Opming 4755 0 1045500
Othar
W IEENEE 00 IM A2 00
Wit 150,500 00 150,500 00
Tota | TOBL2TS A0

Arvind Thekdi - E3M, Inc.
Corn refining Industry Web Cast 030805
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Ten Steps to Reduce Energy Use in Heating
Systems for the Corn Refining Industry

Air-fuel ratio (exhaust gas oxygen) 6.  Use of dryer gases with low
control in boilers and fired dryers concentration volatile materials as
through proper operation - maintenance combustion air for boilers or other
Waste heat recovery from flue (exhaust fired systems _
gases) - Combustion air preheating, 7. Replace indirect heating (steam
feed water or material preheating etc. or fuel fired) by direct heating

_ _ using new generation burners or
Heat cascading — use of high waste heat from other processes
temperature steams (gases, liquids) for g yse of direct fired — indirect fired
lower temperature processes fuel fired systems to replace
Heat recovery from thermal oxidizer steam heating where the boiler
gases (use of regenerative systems) fuel costs justify it
Use of thermal oxidizer gases for dryer 9. Use of combined heat and power
(directly or indirectly) for_ s_team generation or thermal

oxidizers
10. Reduce heat losses

Insulate hot surfaces, plug openings, use
pressure control, reduce steam or hot gas
losses (fix leaks), maintain stem traps, return

condensate etc.

26
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Process Heating Assessment and Survey Tool
(PHAST)

Download PHAST tool
from the DOE web site

hitp://www.eere.energy.gov/industry/

Use following steps:
* Program Areas
* Best Practices
e Tools and Publications
e Software
* Process Heating Assessment and Survey Tool (PHAST)

Arvind Thekdi - E3M, Inc.
Corn refining Industry Web Cast 030805
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Process Heating Assessment and Survey Tool

(PHAST)

Process Heating Assessmen t and Survey Tool {(PHAST)

[

Introductiol PlantfEquipment Information  Furnace Analysis - Heat Balance
R epor t Import Plant Infarmation Export Plant Infarmation
Click on the appropriate button for further information

Exit Application

This Application iz developed by Oal kHdg M ational Laboratary in cooperation
wwthl dustr IH ating E qui ipmenl tA [IHEA] hd a subc nmm\tt

sisting of member: fum ma| and equipment suppliers acling as
d or for the applicatior vl pme t

Arvind Thekdi - E3M, Inc.
Corn refining Industry Web Cast 030805

The downloadable version of PHAST

includes following files.

Read me file — This should be

read first

User manual — This should be

reviewed and printed for future
reference

Software for PHAST - This is the

main program for the tool

Survey forms - These are to be

used for collection of data that
would be used for use of PHAST

28
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Next steps

« Attend one-day end-user PHAST training to learn capabilities of
PHAST and its use

« Attend qualified specialist training to become a qualified trainer to
teach others how to use PHAST. This is a 2 to 2 2 days course
offered at selected locations throughout the country

« Refer to DOE-EERE-ITP web page (www.eere.energy.gov/industry)
for schedule and location in your area

Sign-up for the end user training at the end of this meeting

Arvind Thekdi - E3M, Inc.
Corn refining Industry Web Cast 030805
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T WS Departreal of Enengy
- Energy Effi

and F Energy

Energy Savers acomsw

v | Heat & Cool | By Clean Electricity | Mals Dlean Elecincity | Sy e Formation Aesouwces. | Home

Samrch HalpE Moro Samrch Options

Agh an Ersrgy Exparn
20 Ways W Save

Frnray M Boost the Bottom Line:
o Lower your plant energy bills
=1 = A Pl R costs can be as easy as adjusting a dial. Get
started today i simple, low—or mo-oost steps ©o energy
savings:
* 20 Ways bo s sl F i A ST s
Sawe Epargy )
Mow for guick ;
and easy cost I R E T T |
sawings lg = +
- - - e I T T T T T T )
Visit the Web Sites: im0
abeout - a
N o Howe a =m o [ B
other Pootuea | Ges Sardogs (Blllan Beutyesr)
"
" . "
big
zavings
& Teols and training you can wse to identify savings
opportunities
o for yowr
o Industry expertise available
- i 1o ewaluate your best opportunities
and start sawing on natural gas, electricity, and foel oil in
your plant
BociSracticss, = part of the U5 Department of Energy's {DOE)
Industrial Technologies ram, works with industry to identify
imumediate opp-urtumtlns cst plamt-wide efficiency and

EnErgy savings.
B Erintabls Wersesn
telmsster | E-Y | Energy Sayvers Homs | EERE Homie

U.S. Departmaent of Enengry
Content Last Updated: 10,/09/2003

Arvind Thekdi - E3M, Inc.
Corn refining Industry Web Cast 030805
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Resources & Information

* Fact Sheets
 Newsletters
* Tip Sheets

* Brochures

EERE Information Center

On-call team of professional
engineers, scientists, research

librarians, energy specialists, and - Reports
communications information staff
« Software
Decision Tools
Voice: 1-877-EERE-INF !
e Data

Email: eereic@ee.doe.gov
Web: www.ee.energy.gov/industry

Arvind Thekdi - E3M, Inc.
Corn refining Industry Web Cast 030805
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