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Background

* [ndustry accounts for 36% of US energy ($100B/yr)
* DoD spends $3B/yr, $280M/yr at industrial facilities
* Process energy is reported on a voluntary basis

* AMC installations consume about 13 TBtu/yr for
industrial processes, costing $72M/yr

* Studies show that 20% reduction is possible

* However, it has not been very effective in DoD due
to the lack of an incentive structure

* Most of the industrial facilities are GOCO

US Army Corps

of Engineers Engineer Research and Development Center



Army Reported Energy Usage
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*AMC installations consume about 13 TBtu/yr

for industrial processes, costing $72M/yr
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DoD Policy Requirements

* ENERGY: Executive Order 13123
— Increase Industrial Efficiency 20% (1990 to 2005)
— Increase Industrial Efficiency 25% (1990 to 2010)
— Implement water conservation measures

* COMPLIANCE: Executive Order 12856
— Promote Renewable Energy Technology
— 50% Reduction in Toxic Pollutant Releases

* POLLUTION PREVENTION: Executive Order 12873
— Incorporate Waste Prevention and Recycling
— Use ‘Environmental Preferable’ Products/Services
— Procurement Guides to Incorporate EPA Guidance

US Army Corps
of Engineers

Engineer Research and Development Center



What Is CERL Doing for the Army
In Process Energy Optimization?

ldentify and Demonstrate New opportunities
for Army Process Energy and Pollution
Reduction (PEPR) Through:

— New Technologies
— Improved Systems and Operational Modifications

Emphasis is placed on implementing
changes that can be applied to numerous
military installations with significant
Industrial activities

US Army Corps

of Engineers Engineer Research and Development Center



Our Customers
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Recent ERDC-CERL Energy/Environment
Projects with AMC

* Energy * Environment
Process Optimization Hazardous Air Pollutant
Assessment (HAP) Control
PBA, WVA, ANAD, TYAD ANAD, WVA
Heating System Evaluation Acid Mass Balance & Acidic
PICA, ARL Wastewater Reduction
Low NOx Boiler Radford AAP
WVA Methylene Control
Compressed Air System Audit ANAD
APG, CCAD, CEGA, LCAAP, Convert Oil-based to Water-
LSAAP, PBA, PICA, RIA, RSA, based Lubricant for
SIAD, WVA Forging Operation
PEPR Analysis Program & Scranton AAP

Process Optimization Guide Pinkwater Treatment
McAlester AAP

US Army Corps .
of Engineers Engineer Research and Development Center



Typical DoD Processes

* Metal working: cutting, welding,
machining, heat treating

* Spray painting & de-painting

* Electroplating

* Load, assemble & pack (LAP)

* Explosives/propellants production

* Steam systems

* Compressed air systems

* Motor/engine testing & repair

US Army Corps
of Engineers

Engineer Research and Development Center



Major Cost Issues

* Capacity Utilization: Bottlenecks
* Material Utilization: Off-Spec, Scrap, Rework
* Labor: Productivity, Planning/Scheduling

* Energy: Steam, Electricity, Compressed Air

* Waste: Air, Water, Solid, Hazardous

* Equipment: Outdated or State-of-the-Art

US Army Corps .
of Enginyeersp Engineer Research and Development Center



Process Optimization

* Extends conventional energy & environmental
auditing to production/maintenance processes

* Uses a 12-step methodology and includes all
major cost issues

* Financially audits the industrial process
* Links process changes to the “Bottom-line”

US Army Corps

of Engineers Engineer Research and Development Center



FIGURE 1: TWELVE STEPS OF THE PO METHODOLOGY

#1 #2 #3 #4
: IDENTIFY DEVELOP FINANCIAL CONSTRUCT
— CRITICAL CONCEPTUAL =1 ANALYSIS OF PROCESS FLOW
COST ISSUES MODELS THE PROCESS DIAGRAMS
#5 #6 #7 #8
DEVELOP IDENTIFY SELECT ESTIMATE
WEAKNESS >1 PO IDEAS BEST PO BALL PARK
ANALYSIS USING NGT SOLUTIONS ECONOMICS
#9 #10 #11 #12
PRIORITIZE FORMAL DOCUMENT DEVELOP
FOR DEBRIEFING ALL RESULTS COMMITMENT p—
IMPLEMENTATION OF RESULTS IN REPORT TO IMPLEMENT

US Army Corps
of Engineers

Engineer Research and Development Center



Process Energy & Pollution Reduction

US Army Corps
of Engineers

(PEPR) an Analysis Model

Builds process database

Constructs process flow diagram

Estimates process energy & emissions
Suggests innovation technigues

Calculates SIR and PB period

Provides technical reference & unit conversion
Screens DoD industrial operations

Supports technology transfer

Engineer Research and Development Center



Case Examples Contained in PEPR

* Heat Treating

* Spray Painting

* Electroplating

* A Load, Assemble and Pack Line (LAP)
* Explosives Production

* Steam/Hot Water Distribution System

* Compressed Air Distribution System

US Army Corps

of Engineers Engineer Research and Development Center
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= PEPR -3

Units
Military Base
Base Type [ | Baze Abbreviation |[RFAAP FPage 1
Military Service [ARBMY | Baze Mame |[BADFORD AAP |
Major Command [AMLC |
Wwater Service Quantity | 4. 499 974 | Wwater Service Total Cost | $£6571.621]
Water Service Unit Cost Water Distribution | 826 |
Sewage Service Quantity | 1.718.332]| Sewage Service Total Cost | $1.874.714|
Sewage Service Unit Cost Electric Service Quantity | 162,741 |
Electric Service Total Cost | $3.427 581 | Electric Service Unit Cost | 21.06 |
Gaz. Oil. & Coal Total Cost | $6.079.853] B aseline [1985]) Energy Consumption | 5 055 483
Capacity Consumed
Gas Fired Heating Plant < .75 MBtu/Hr 1] 1]
Gasz Fired Heating Plant .75 to 2.5 MEtu/Hr 1] 1]
Gas Fired Heating Plant >3.5 MBtusHr 1] 1]
Coal Fired Heating Plant < .75 MBtu/Hr 1] 1]

I I
I I
I I
I I
Coal Fired Heating Plant _.¥5 to 3.5 MBtu/Hr | 1] | 0]
I I
I I
I I
I I

Coal Fired Heating Plant >3.5 MBtu/Hr 1.374]| 2.326.874|
0il Fired Heating Plant <« .75 MBtu/Hr 1] 23|
il Fired Heating Plant .75 to 3.5 MBtu/Hr 1] 1]
il Fired Heating Plant >3.5 MBtu/Hr 1] 1]

Go to first record. | Inz M um

US Army Corps
of Engineers

Engineer Research and Development Center



US Army Corps
of Engineers

= PEPR ME

Service [ARMY | Base Abbieviation |[RFAAP |# :Print;
Process Name (NITROCELLULDSE | ProductionLine [4 |
System Type |PR + Process ECO [EXISTING |

Process Category [EXPLOSIVES | Use this process version for aggregations

Uinit Product Name or Material Processed (NITROCELLULDSE®@30% MOIST. |

Annual Production, unitsyr | 28,000,000| | OME UNIT measures: 1||pounds +
Production Capacity, unit/hr | 14,000 Scale Factor | 1.000000] ‘Ecale Opesation D ata|

Technical Description [STD. NITRATION PROCESS WITH WASHING |
Data Source [VARIOUS REPORTS |
Batch or Continuous Number of Shifts/week El
Dperating Hours per Year Number of Production Lines Designation B AND C |
Dperational Hazard [EXPLOSIVE MATERIALS |

Product Quality Yariables #1 [PROD. N CONTENT | #4 | |
#2 | | #5 | |
#3 | |

| Heeangnmesing Suotalnns |

Paab | Frev | Hewt | Last |Locate] Add Eant:el fuadere Provevy M Hosabon [l Sloas

| Inz | Mum

Engineer Research and Development Center



PEPR

L 12

Units
= ncate Record =
Faci_abr Proc_nam Prof Alternate |Ope Oper_name Comm +
MITROCELLULOSE iA GEXISTING (1 $SHREDDER-DRYER SHRED COTTOM, WOOD PULP:
RFAAF  WNITROCELLULOSE (& GEXISTING §2  :PNEUMATIC CONVEYOR DEL DRIED STUFF TO HOPPER
RF&&P  NITROCELLULOSE i& (EXISTING 3 iAGITATOR MITRATOR MITRATION REACTOR
RF&&P  NITROCELLULOSE i& (EXISTING :4 iPICOLO SCRUBBER SCRUBBER+MOL. SIEVE
RF&&P  NITROCELLULOSE & GEXISTING (5 iwRINGER SEPARATE ACID, MC
AFAAP  WITROCELLULOSE (& GEXISTING (6 $WRINGER SWASHIMG
RF&AF  MITROCELLULOSE (& GEXISTING |7 ;DROWNING BASIN Ml WET N, WATER
RF&AF  MITROCELLULOSE & GEXISTING (8 3BOILING TUB HOUSE :DRAINFILLBOIL 24
RF&AF  MITROCELLULOSE & GEXISTING |3 3BEATER HOUSE :CUT MC FIBERS, SCREEM H2
RFASF  WITROCELLULOSE (& GEXISTING 10 (POACHER HOUSE BOILED WaSHED S0D& ASH AD
RF&8P  NITROCELLULOSE i& GEXISTING i11 :BLENDER HOUSE BATCHES BLEWDED FOR M
RF&&P  NITROCELLULOSE i& GEXISTING 12 iFINAL WRINGER CEMTRIFUGED TO FIMAL MOIS
=
| alll
<] |

US Army Corps
of Engineers

Locate a record.

Engineer Research and Development Center
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Please Select Both a Baseline and a Comparison Process

Process Production
service Base Category  Process Name Process ECO Line

ANAD  PAINTBOOTH YEHICLE DEIVE-THEV VATER EXISTING E4133
ANAD  PRAINTBOOTH VEHICLE DEIVE-THEV YATEER INSTALL DEXY FILTER E133
I'MAPF LAPPROCESS LAP M106 SHELL EXI5STING LL3
LAPPROCESS LAP M106 SHELLS HERT TTMER-CONTEOLLER LL3
LAPPROCESS LAP M106 SHELLS INSVLATE HEATING PIPING LL3
LAPPROCESS LAP M106 SHELLS INSULATE PROCESS EQUIP. LL3
LAPPROCESS LAP M106 SHELLS INSULATE PROCESS PIPING LL3
LAPPROCESS LAF M106 SHELLS USE WAT.GRS IN P-C OVENS LL3
EXPLOSIVES NITROCELLULOSE CONYEET DEXEE TD N.G. 1]
EXPLOSIVES NITROCELLULOSE EXI5STING 1]
EXPLOSIVES NITROCELLULOSE HT .EXCHANGE FOE PEEHEAT &
FFAARPF EXPLOSIVES NITROCELLULOSE INS. BOTLING, PORCHEE TUBS &
FFAAPF EXPLOSIVES NITEOCELLULOSE TSE INFER-EED DEYEE. n
ETAES PATHNTBOOTH VEHICLE DEIVE-THEV YMTEER AUTO.DAMPERS CLOSE FLUE
FTAES PATHNTBOOTH VYEHICLE DEIVE-THEV YATER CENTEICLERN SYSTEM

Set Baseline "Baseline” process |RFAAP HITROCELLULOSE EXISTIHG A

Set Companszon| “Companzon" process |RFAAP HITROCELLULOSE HT.EXCHANGE FOR PREHEAT A

Frocess Record: 23/52 Recard Unlocked s | Mum |

US Army Corps
of Engineers

Engineer Research and Development Center



Units

Differences between Baseline and Comparison Processes - Page 1
. Baszeline MITROCELLULOSE@30% MOIST . 28,000,000
Unit Product A | Product
PO Comparison NITROCELLULOSE@30% MOIST —* funitefyr) 28,000,000
Ecopamic Analysis
Region [FADD) 3
General Discount Factor 1474  Demand Discounted Savings $0.00 $
Electricity Digcount Factor 15.61 Electricity Discounted Savings $0.00 %
Gas Discount Factor 20.96 Gas Discounted Savings $0.00 %
0il Dizcount Factor 17.56 0il Dizcounted Savings $0.00 %
Coal Dizcount Factor 17.58 Coal Dizcounted 5avings $6.17259115 %
Water Cost Savings $0.00 $/pr
Water Treatment Cost Savings $0.00 $/yr : :
Annual 0 & M Savings $0.000 $/yr Discounted Savings
Annual Non-Energy Cost Savings $0.00 $/yr Non-Energy $0.00 %
Annual Energy Cost Savings $351.114.40 $/pr Energy $6.172.591.15 %
Total Annual Savings $351.114.40 $/wr Total $6.172.6591.15 %
T otal Investment $130.700.00 $ Savings-to-Investment Ratio 4. 2207
Adjusted Economic Life 20,00 years Adj. Internal Rate of Retumn 2611 %
Cimple Payback 0.37 years Payback Test Flag 1

Compare Recard: 1.1 Exclizive | lns | Mum

US Army Corps .
of Engineers Engineer Research and Development Center




Process Energy and Pollution Reduction - [Report: Process List]
=| File Window Help

Bum mary of Proceszes in Procsss Databaze

Procss Hama

Procss Dhas qualis.
ity EC0 Haa]

FAINTEDOTH
FAINTEDOTH
FAINTEDOTH

FAIMTEQOTH
FAIMTEDOTH
FAIMTEQOTH
FAIMTEDOTH
FAIMTEQOTH
FAIMTEDOTH

FAIMTEDOTH
FAIMTEQOTH

LAF M SHELLS
LAF MiE SHELLS
LAF MIE SHELLS
LAF MiE SHELLS
LAF MIE SHELLS

WEHCLE DRIV E-THRU,WATER
WEHGLE DRI E-THRL,WATER
WEHCLE DRIV E-THRU,WATER

VEHCLE DRIYE-THRU,WATER
VEHCLE DRIYE-THRU,WATER
VEHCLE DRIYE-THRU,WATER
VEHCLE DRIYE-THRU,WATER
VEHCLE DRIYE-THRU,WATER
VEHCLE DRIYE-THRU,WATER

VEHCLE DRIYE-THRU,WATER
VEHGLE DRIYE-THRU,WATER

FLATING ZHOF
FLATING ZHOF
FLATING ZHOF
FLATING ZHOF
FLATING ZHOF

HEAT TIMERAGOHTROLLER
IHALATE HEATIMG FIRHG
IHAJLATE FROCEZEQUF
IHAILATE FROGEEFFING
LEE MAT.EASIN PCOVERE

AUTODAMPERSCLOCE FLLE
ERIZTING
INZTALLDFY FILTER

AUTODAMPERSGLOGEFLLE
CENTRICLEAN 2V STEM
DECREAE AIR CIRCLLATION
ERISTING

HYLFSFRAY GLH

IHZTALL DFY FILTER

AUTODAMPERS GLOCEFLLE
ERISTING

ELECTRI T AGITATION
ERISTING

FLOATING BALLEIH TARKS
HAT.GASFORHEATTAMNKS
FEDLCEOVERRLATING

Feady

US Army Corps
of Engineers

Engineer Research and Development Center
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Energy Savings and Investments for All DoD Process-Oriented Bases

Annual Identified Identified
Use Savings Investments
M Btu
% Annual Use M Btul/yr $/Annual $M
M Btu
Thermal Energy
AMC Bases 13,328,980 22.8 3,039,007 5.22 15.86
(29)
AEDC
+ 6,163,819 14 .2 875,262 3.82 3.34
ALCs (5)
N aval Bases 10,892,704 8.7 947,664 11.43 10.84
Electricity
AMC Bases 4,997,411 8.4 419,783 20.33 8.53
(29)
AEDC
+ 7,384,623 2.1 155,077 33.35 5.17
ALCs (5)
N aval Bases 6,150,884 3.7 227,582 16.52 3.76
Total Energy
A M C Bases 18,326,391 19 3,458,790 7.05 24 .39
(29)
AEDC
+ 13,548,442 8 1,030,339 8.26 8.51
ALCs (5)
N aval Bases 17,043,588 7 1,175,246 12.42 14.60
Totals 48,918,421 12 5,664,375 8.39 47 .50

US Army Corps

of Engineers

Engineer Research and Development Center




Pollution Abatement Associated with
Energy Savings and Investments for AIIDoD Process-Oriented B ases

SOx Abated, NOx Abated, CO Abated, COz Abated,
tons/yr tons/yr tons/yr tons/yr

Thermal Energy

AM C Bases (29) 2,528 .42 584.53 193.95 254,443

AEDC+ALC Bases (5) 3.09 60.22 14.88 50,555

Naval B ases 492.26 133.96 39.36 73,929
Electricity

AM C Bases (29) 1,198.95 244.65 86 .45 87,604

AEDC+ALC Bases (5) 426.53 90.36 31.64 33,817

Naval B ases 276.60 62.08 19.94 28,121

Total Energy

AM C Bases (29) 3,727.37 829.18 280.40 342,047
AEDC+ALC Bases (5) 428.62 150.58 46.52 84,372
Naval B ases 768.86 196.04 59.30 102,050
Totals 4,924 .85 1,175.80 386.22 528,470

US Army Corps
of Engineers

Engineer Research and Development Center



ERDC-CERL Support to Industrial Energy

Research for

decision

support tools

HEATER/Heatmap:

* PICA
* ARL-Adelphi

a  Process Data

PEPR

Process Analyses  Reports  System Admin.

=m: PEPR audits: \

PEPR

USALERL  /rveess

Energy and
Follulion
Reduction

* and troop installations

V

Estimate life cycle cost of

repair, replacement, and
upgrade options.

A= o DAl

>

Minimizes greenhouse

pollutants

* PBA
* WVA
* ANAD
* TYAD

Basabios NITROCELLULOSEG0Z MOIST 20,000,000
Unil Pioduct o avison HITROCEL LULOSF @30% MOI51 ""“'l‘:',":'}ﬁlﬁ“" 6,000, A
Econamic Aralysis
Hegion (FADD) 1
Genaral Dissount l'acion WA Deomand Discounted Savings s0o0 8
Flactsicaty Ditcount Fac 1561 Elaciricity Diccountad Savinge 40 0 §
Goz Diveoundt Facton 0.9 Gar Discounted Savings $0.00 %
0 Discount Faclor 1246 0d Discounted Sovngs 0008
Coal Biscount Pactor Va0 Gool Discountod Sovings  #6.172.591.15 3
Waler Cost Savings $0.00 8/n
Wt Trastmant Cast §avinge LU
Annunl 0 & M Savings .00 /51 Discouried Savings
Antwial Mon Encigs Cosl Savings 0100 /5 Man Eneigy 50 00
Annual Energy Cost Savings 335111440 §/m Energy 36,172,591 15 §
Tolal Aneual Savings £0111040 U Tol 16170490144
Toll lowostwort  $13070000 8 Savingi-tolnvestment Ratia 27
Adpated [sonamic Lifa 2000 peais Adj. Intemal Rate of Retun ALY
Simgle Pagback 037 pasrs Paylach Test Flog |

Comgan Fiscond 141 Eathaive:

Low NOx Boiler|
Demo’s:

* WVA

» and 3 troop
installations

Average total energy
savings per plant =
~44%

Average 20% + increase in
process energy efficiency &
reduced O&M costs

Technology
demonstration
projects

NGEDAC Demo’s:
* PICA
* WVA
* SIAD



Industrial Energy Optimization

Action
PO Workshop & Audits
PO Audit
PEPR Software
PO Workshop & Audits
PO Guide
PEPR Enhancement
PO Workshop & Audit
PO Audit
PO Audit

US Army Corps
of Engineers

Where When
Pine Bluff Arsenal, AR  June 94 & Aug 96
Anniston Army Depot, AL July 1995

CERL May 1996
Watervliet Arsenal, NY Feb 1999
CERL May 1999
CERL June 2000
Tobyhanna Army Depot, PA June 2002
Ft. Leonard Wood, MO April 2003
Ft. Carson, CO May 2003

Engineer Research and Development Center



Process Optimization Assessment at
Ft. Leonard Wood and Ft. Carson

The 5-Day Audit Covered the Following Industrial Processes:
(1) Central heating plants

(2) Laundry

(3) Painting and Media blasting

(4) Engine overhaul and Vehicle repair

We Identified Opportunities, for each Process, to:

(1) Improve Performance

(2) Increase Efficiency and to Reduce Energy and Emissions including
Air, Water and Solid Waste.

We Developed, for each Process:
(1) Preliminary Capital Investments

(2) Potential Cost Savings from Process Optimization and Improvement

US Army Corps .
of Engineers Engineer Research and Development Center



Process Optimization Assessment Results

Army Base Fort Leonard Wood Fort Carson
# of Post Wide ECM 5 10

# of Heating Plant ECM 11 9

# of Laundry ECM 4 N/A

# of Maintenance Complex ECM 6 10
Total # of ECMs 26 29
Savings $1,963,275 $2,117,250
Investment $1,929,300 $1,250,300
Simple Payback Lyr. 0.6 yr

US Army Corps .
of Engineers Engineer Research and Development Center



NGEDAC Demonstrations

Picatinny
Arsenal

*ﬂ Watervliet

i
Arsenal

Sierra Army Depot Rock Island

JII Arsenal |
Ly ﬁ - pl
wam Aberdeen PG
[ Pine Bluff Arsenal 7
| T 4 -
- - #
Corpus Christi ] 1
Army Depot
Redstone

Arsenal Combat Equipment

Group - Afloat

Lone Star
AAP

US Army Corps .
of Engineers Engineer Research and Development Center




ERDC/CERL Technical Reports

“Energy Conservation and Air Toxic Compliance Plan for DoD Industrial
Facilities”

“Level | Process Energy Review and PEPR Workshop at Pine Bluff Arsenal”

“Level Il Audit of White Phosphorus Dry-Fill Process at Pine Bluff Arsenal”

“Level Il Audit of Smoke Grenade Manufacturing Process at Pine Bluff Arsenal”

"Development of Process Energy and Pollution Reduction Analysis Tool”

"ldentification of PEPR Opportunities at DoD Industrial Facilities”

"Process Optimization Guide for Military Manufacturing and Maintenance
Facilities”

"PEPR Level | Review at the Watervliet Arsenal”

“Applications Guide for Compressed Air Systems”

“Compressed Air System Survey at Army Industrial Facilities”

“Demonstration of Natural Gas Engine Driven Air Compressor at Army
Industrial Facilities”

“Process Energy Optimization Level | Review, Tobyhanna Army Depot, PA”

“ Process Optimization Assessment, Fort Leonard Wood, MO and Fort Carson,
COH

http://www.cecer.army.mil

US Army Corps
of Engineers

Engineer Research and Development Center



Summary and Conclusions

* Energy Can Be Used to Improve Process Performance,
Directly Contributing to the Business Bottom Line.

* Energy is an Important Solution Tool. However, Thank
Rethinking and Optimizing All Inputs to the Process
Systems are the Total Answer.

You !

* The 2-5 Day POA Provides the Change, Focus and
Speed to Achieve Significantly Faster and Far Greater
Profitability than Other Traditional Energy Audit
Approaches.

* The PEPR Program Facilitate Data Collection, Analysis
and Technology Transfer

US Army Corps

of Engineers Engineer Research and Development Center
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