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DOE Software Tool Use

® Over the past year

— 12 regular IAC assessments

— 3 large energy user assessments

— 1 SEN type assessment for a local hospital
® DOE software tools helped determine

— System baseline operating costs

— Assessment recommendation savings
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Outline

® Software tools
— CWSAT
— AlRMaster
— SSAT
—VisualDOE

® For each tool
— Required input
— Output
— Energy savings projects
— Case study
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CWSAT Software

Designed through collaborative effort

— The University of Massachusetts Department
of Mechanical Engineering

Determines energy and energy costs
requirements for baseline operation peemmm

Evaluates energy and costs saving Chilled Water System Analysis Tool

opportunities Version 2.3

. . DESCRIPTIOM: Thiz program calculates the annual energy requirements of various chilled
R u n S t h ro u g h M S VI S u a | B a S I C 6 water systems. |t also evaluates the energy and cost zavings that result when a varniety of

changes are made to the chilled water system.

Needs the weather folder

Copyright by The University of M azsachuzetts Amherst 2007

All Rights Reserved
Releaze Yerzion: April 2007

We are looking for pour feedback! Pleasze zend any comments, suggestions, or descriptions of ermors
encountered to cwsat@ceers org. Your input will be uzed in future verzions. Thank youl

E it Program
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CWSAT Input Data

® [nputs
— Weather

— Condenser cooling method
® Ajr/water

— Pump data
— Chiller characteristics

® Type, capacity, efficiency, age
— Chiller loading schedule
® Measured flow and temperature data or amperage draws to calculate
® Operating hours
® Chiller loading varies according to ARI 550/590 schedule

® Chiller loading varies from month to month and chiller to chiller
® | oad schedule screen (Time (%) at different loading capacity (%))
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CWSAT Output

® Basic input screen yields
— Chilled water system schematic
® Qutput screen yields

— Baseline operation for chillers, pumps, and cooling towers
® Energy (kWh/yr)
® Costs (S/yr)

— Energy breakdown for each component

System Schematic
Basic System Data ‘water-Cooled Data
Geographic Loeatio: 4L Birmingham :I' CwWT = Condenser Cooling Y ater Supply Temperature:
Nurnber of Chillers: 3 hd ls CWT constant?
ok oK e :
Chilled “water Supply Temperature: |42 - | > |
- . 1 \ 2 g
Condenzer Cooling Method: |\ ater-Cooled - CwT fallows ambient wet-bulb plus [ 11 ~| °F \ q, el
Tawer Data : F'ultnp Data CHw Ciaf Contifugal, T150 Tons = l
Tower Type: |1-CEII “with 1-Speed Motor j “Yariable Flow? g x| |MHo hd|
Mum of Towers: |3 75 =| hpfFan Flow Rate [gpmdtan]: | 2 hd hd| b e L 1-Cell With 1-5peed Motor
OK | || Motor Size hol 00 - [e0 i T iz Number of Towers: 3
el —
Size Tower by:  |hp - = = _'___.-d Fan hp: 75
Pump Efficiency [%] |83 | |83 - Health Syst 5 =
Awial +| FanType . - —] = e ysiem MO Cells per tower: 1
tator Efficiency [%] |93 dREE] hd| EE Centrifugal: 1150 Tons
Current Chiller D ata Energy Cost Data o T
Compressar Type FullLoad | Chiller Capacity FLE “/alue Age -*_J-;PL
Eff Krnown? [tons] [k ftan] [vears] Elechicity Cost: ' —‘___-d
Chiler 1 00631 CHW Pump Efliciency = 83% [P r—
[Cortitugd | | [ves =] | [1180 =] |[o7 === S/ WH] CHW Mot Efidones = 5% Centifugal, 1150 Tons 7 :
- C\W Pump Efficiency = 83%
Chiller 2 CHW Pump Flow = 2 GPM/Ton W Motor Effici 3%
|Cent|ifuga| ﬂ | [res =] | 1150~ | [o7 ~| | 2~ oK CHWT = 42F otor Efficiency =
Chiler 3 Matural Gas Cost: CW Pump Flow = 2 GPM/Ton
[Ceruivgs v | | [ves ] |80 =] |[o7 =l |o = 0 i [CWT Follow = 10F
[$/MMBtu] |AL Birmingham
|Water-Cooled
oK I |Elec Cost: $0.0631 Per kiwh
[ |NG Cost: $0 Per MMBtu
- Fetumn To
Sscinta?jlaeng:gfn Sggﬂe?_:‘::iim Riestart Screen Exit Program Previous Screen




CWSAT IAC Uses

Verifies end-point energy calculations for chilled water
system

Output graphs

Assists in assessment recommendation calculations for
chilled water

— Increase chilled water temperature set point

— Decrease condenser cooling water supply temperature

— Replace chillers (includes NG engine-driven models)

— Apply variable speed control to chilled and/or condenser water
pumps

— Upgrade cooling tower fan speed control
— Replace chiller refrigerant

— Sequence chillers

— Install a VSD on each compressor motor
— Use free cooling when possible



CWSAT Case Study

® Partnered with the Alabama Productivity Center(MEP), DCH hospital
engineering staff, and Pinnacle Engineering

® Objective for chilled water system
— Calculate baseline operation
— ldentify energy saving opportunities

® Limited chiller loading data for two chilled water systems

— Main hospital
— Medical tower hospital

® Chilled water supply and return temperatures and corresponding
flow rates

® Q..,=mdot*C, *AT Chiller #1, on average 36%
® Chiller loading =Q Chiller #2, on average 22%

evap/ Qtotalcapacity
Chiller #3, on average 29%
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Baseline Operation Results

Plant

Operating
Hours
Hrs

Chiller
Energy
kWh

Cooling
Tower
Energy

kWh

Pump
Energy
kKWh

Total Energy
KWh

Total Cost
$

Main Hospital
Chiller Plant

8,760

10,036,420

438,078

3,372,883

13,847,380

873,770

Medical
Tower Chiller
Plant

8,760

2,587,044

101511

190,519

3,479,074

219,530

Totals

8,760

12,623,464

539,589

4,163,402

17,326,454

1,093,300

Energy (Ecuivalent kiwh)
10,036,420

Chillex(s]

Cost
$633,298

Totals
Betore: 13,847 380

Towerls)

"Darker colors to left of sach stack represent “bafore”; lighter ones to right

Taotals

Before: $873.770

Chillerfs) Pumpfs]

Main Hospital

Energy (Equivalent kiwh) T
otal

Is
Before: 3

Cost

2567 044 479,074 $163.243
111511
Chiller(s] Purip(s] Towerls] Chiller[s]

"Darker colors to left of each stack represent “hefore”; lighter ones to i

iaht represent "after” savings measures

s
Before: $219530

Medical Tower




Energy Savings

VSD on Chilled Water Pump Motors

VSD on Centrifugal Motors

Energy
Savings
(kWh/yr)

Energy
Cost
Savings
($lyr)

Imp.
Cost
(%)

Simple
Payback
(yrs)

Energy
Savings
(kWh/yr)

Energy
Cost
Savings
($lyr)

Imp.
Cost
(%)

Simple
Payback
(yrs)

1,294,060

84,655

54,000

0.7

3,265,795

206,075

206,000

1.0

& Energy and Costs

Energy (Equivalent kiwh)

10036420 10,036 420

Chiller(s]

"Darker colors to left of sach stack reprasent "before';

Totals

Before: 13,847 380
After: 12,553,320
Savings: 1.294.061

Pumpls]

Cost

$E33.258 $£33.258

Chiller[s)

lighter ones to right represent “after” savings measures.

Totals

Before: $873.770
After. $732.115

Savings: $81.655

Pumpls] Towers]

= Energy and Costs

Erergy | Equivalent kiwh]

10,036,420

Chiller(s)

"Darker” colors to left of each stack represent 'befare’’;

Totals
Before: 13,847,380
After: 10,581,590
Savings: 3.265.735

Cost
$633,298

$430,295

Chiller(s]

lighter anes ta right represent "after"' savings measures.

Totals

Before: $873.770
After. $EE7, AR

Savings: $206.072

Pump(s] Tower[s]




AlRMaster* Software

® AlIRMaster® is an auditing software tool
— For general auditors or plant personnel
— Evaluate compressed air system operation with basic instrumentation
during a short-term assessment
® Created by IAC director from Oregon State University and his
two graduate students
— First version made available in 1997

AE AIRMaster+ =12 =

i PrOjeC t fu n d e d by th e DOE Inventory System Enhancements Calculators  Help

@ Alabama ladustrial Assessment Center




AlRMaster ™ Input Data

Type of compressor

Nameplate information

Rated HP, rated flow, rated pressure, etc.

Electrical and demand rates

Control characteristics

Load/unload, modulating, modulating with unloading, etc.

Operational pressure range

Compressed Air Gas Institute (CAGI) data sheet helpful

Confirms nameplate information
Provides information on tested operational characteristics

Voltage supply

Measured three-phase with amp meter is useful

Logged data (24 hours)

Typically use logged amperage data
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AlRMaster ™ Output

® Compressor loading data averaged through LogTool to
provide power calculations for AIRMaster*

® Qutput yields
— Performance profile of each compressor

— Graphs on an hourly basis for airflow (acfm), power (kW), and
capacity (%)

— Individual compressor and system profiles

Performance Profile - IR 150hp - BC2

]

T
10

T
20

T
an

4ID SID
Airflow (% Capacity)

T
G0

T
70

T
a0

T
40

1
100

w. System Profiles n

File Calculators  Help

ul &3] e |

Select

Facility ACME “Widgets - -
Daytype | Typical v| cpeemprsssue 125.0 - 135.0 psig
System |Flant Air - control range
Data Entry T Profile Summary T TolaI&

Sypatem Summary

57214

-

System Totals £.384 272 40.4 1173 E7.7 572141 38,|843‘
A »

Copy To Clipboard

Total demand cost, $ $6.369
Total operating costs, § | $49.211




AlRMaster ™ IAC Uses

® \/erifies end-point energy calculations for compressed air
systems
® Qutput graphs
® Assists in assessment recommendation calculations for
compressed air
— Reduce Air Leaks

.
— Improve End Use Efficiency — ‘raciuscild C

mﬂJ@ @ﬂ Copy EEM Scenarnio Life Cycle | Resultz | Cloze |

— Reduce System Air Pressure

Facility | ACME Widgets -

: System|PIant Y j EEH Scenario|.¢.H Savings j
— Use Unloading Controls T
Data Entry Savings Summary
— Adjust Cascading Set Points e i ot Ot
d DEMAND SIDE Reduce Air Leaks ¥ |1 = .| W
R Use Automatlc Sequencer Improve End Use Efficiency v IE J v
Reduce System Air Pressure v IE J v
— Reduce Run Time SUPPLY SIDE Use Unloading Controls ¥ E j v
Adjust Cascading Set Points v 5 - i~
Tl 1 1 Use Automatic Sequencer v IE‘ J v
Add Primary Receiver Volume il = T
Tl

Add Primary Beceiver Yolume™® v v

* fvailable anly if air storage capacity was entered in the systern module. Yisit the system module to edit this valuz.

Afda&’tf‘/ﬂ/ﬁffﬁéﬁ@ﬁt g@ﬂdbﬁ‘" Orly lubricant-injected rokany screw compreszors with unloading controls will benefit from adding receiver volume.




AIRMaster * Case Study

® Client with precision investment
casting operation

— Produce parts through melting and
air-melt processing

® 16% of electrical energy in i"ﬂ-w ]
compressed air ' ' ‘IM

— Use compressed for pneumatic
tooling and fluidized beds

— Use two 150 hp Ingersoll Rand single
stage rotary screw compressors

— Also use three 7.5 hp Ingersoll Rand
compressors for fluidized bed

® Purchased but not installed a 200
hp VSD Kaeser air compressor

® Five days of amperage data was
logged



Baseline Op

® Annual energy usage

1,783,000 kWh

® Annual energy costs of

$134,228

. System Profile Data

Fower,
ks

500

450

400

350

300

2560

200

150

100

50

System Profile Data
Weekdays

1 2 3 4 5 6 7 8 89 10111213 14 15 16 17 18 13 20 21 22 23 24

Hour

MR 150hp - BCT
EIR 150hp - BC2

" Air Fl f i
| Sl ir Flove [acfm] Frint

- . Compressor |« Spstem: j o Power [Kiv]
(R " Capacity [%) Cloze

w. System Profiles n

File Calculators Help

ISk

Select

eration Results

LCloze

Facility | Southern Tool

Spztem | Plant dir

J Daytype |Weekda}ls j Sysé';:tﬂﬁ?r:;: 116.0 - 132.0 psig

D ata Entry

T Praofile Surimary T

Spztem Summany

4

weekdays £.000 872 B2.9 2659 854 1.467 426 110,453
Weekends 2496 471 34.0 1285 44.4 315,861 23775
Syztem Totals 2,496 7h4 54.4 266.9 73R 1,783,287 134,228

| »

Copy To Clipboard
Total demand cost, § $£0
Tatal operating costs, § | §134.228
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Energy Efficiency Measures

AR Energy ikl Imp. Simple Payback
Recommendation | ~ovNgs %) Cost Period
(kWh) ($) (yrs.)
1. Install VSD
Compressor 422,660 31,810 25,000 0.75
2. Reduce Air Pressure 358,030 29,110 0 0.0
3. Reduce Runtime on
Compressors 312,000 25,370 0 0.0
4. Repair Air Leaks 63,810 5,300 5,500 1.1
5. Use Outside Air for
Compressor Intake* 34,400 2,860 1,000 0.4
6. Add Primary
Receiver Volume** 18,820 1,420 9,300 6.5
Totals 1,209,720 95,870 40,800 0.4

*AlRMaster® not used
**Other recommendation




Steam System Analysis Tool (SSAT)

® Runs as an add-in within Microsoft® Excel
® Develops approximate models of real steam systems

® Quantifies energy, cost, and emission savings of
implementing potential improvement opportunities

&g,: Ababana lidustriad Assessment Cenler




What data do you need for SSAT?

® Requires answering 23-46 questions in four main
categories:
— General Site Data
— Generation
— Distribution
— Recovery

THE UNIVERSITY OF

(O Alabana bidustriad Aesescment Couter ALABAM
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What data do you need for SSAT?

® General Site Data: ® Steam Distribution:
— Power demand and cost — Header pressure
— Makeup water temperature — Steam demand
and cost — Steam turbines
— Type of boiler fuel and cost — Steam traps
® Steam Generation: — Insulation heat loss
— Boiler efficiency ® Steam Recovery:
— Steam generation conditions — Condensate recovery
— Boiler blow-down rate — Heat recovery
— Deaerator
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SSAT Outputs
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Energy Savings Projects

® General Site Data: ® Distribution:
— Use alternative boiler fuel — Install turbines
® Generation: — Repair steam traps and
steam leaks

— Increase boiler efficiency

— Reduce boiler blow-down rate P Reaics steam aemand

: — Improve insulation
— Change steam generation P

conditions
® Recovery:
— Condensate recovery
— Recover waste heat
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Case Study

® Gypsum paper manufacturer in Oxford, AL

® Steam created between 210 and 215 psi by two 1,200 hp
water tube boilers

® Pressure is reduced to 75 psi by a turbine that powers a
shaft used to drive processes along the production line for
three months of the year

® Steam pressure reduced by throttling other nine months
® Steam at 75 psi is used for production purposes
® Steam is further reduced to 25 psi for comfort heating

THE UNIVERSI
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Case Study

® Average Steam Demand: 30,000 Ibm/hr per boiler
® 10.3%-12.5% excess O, present in exhaust gas

® 460°F — 510°F exhaust temperature

® 73%-74% efficiency

THE UNIVERSI
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SSAT Model

® Considered one large boiler
® Created model in SSAT
— Three header model
® 210 psi, 75 psi and 25 psi
— Boiler efficiency: 74%
— Steam demand:
® 70% demand at 75 psi
® 30% demand at 25 psi

(S 2| Alabana lndustiiad Assessment Center Kij&%ﬁi{/} K
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2008 Baseline Operation

® Fuel Usage:
660,000 MMBtu

® Fuel Cost:
$5,790,000

® Power Usage
32 GWh

® Power Cost
$2,240,000

® Makeup Water Cost

S3,000
Alabama hdustal Assessment Center

Cost Summary ($ '000s/yr)

Current Operation

Power Cost 2,224
Fuel Cost 5,790
Make-Up Water Cost 3

Total Cost (in $ '000s/yr) 8,017

On-Site Emissions

Current Operation

CO2 Emissions
SOx Emissions
NOx Emissions

76638 Klb/yr
0 klb/yr
152 klb/yr

Power Station Emissions

CO2 Emissions
SOx Emissions
NOx Emissions

Note - Calculates the impact of the change in site pow er import on emissions from

Utility Balance

Current Operation

Power Generation
Power Import
Total Site Electrical Demand

Boiler Duty 82.5 MMBtu/h
Fuel Type Natural Gas
Fuel Consumption 82430.1 s cu.ft/h
Boiler Steam Flow 61.0 kib/h
Fuel Cost (in $/MMBtu) 8.78
Power Cost (as $/MMBtu) 20.37
Make-Up Water Flow 3735 gal/h

627 kW
4000 kW
4627 kW

THE UNIVERSITY OF

ALABAM

ENGINEERING



Energy Savings Projects

® |nstall economizers on boiler units
— High exhaust temperatures

® Reduce tramp air
— High levels of O, present in exhaust gas

® |nsulate steam pipes
— Approximately 600 feet of un-insulated pipe
— Average surface temperature ranging from 200°F to 425°F

® Use Steam Turbine to Convert High Pressure Steam to
Low Pressure Steam

— Currently reduce steam pressure from 210psi to 25 psi through
throttling

INC\| Alabana ldustmiad Assessment Contor Kij&%ﬁi{/} A
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Energy Savings Results

Ener Estimated Simple
Savingys Cost Savings | Implementation Payback
9 Cost Period
(MMBtu/yr) ($lyr) ($) yIs
Recover
Wasvf,?t#eat 72,600 637.000 220,000 0.3
Economizer
Reduce Tramp
Air in Stack 32,400 284,000 10,000 0.04
Gas
Insulate Bare 677 6,000 4.500 08
Piping
Use Steam
Turbine to
Badies ariam 2,400 10,000 0 0.0
Pressure
108,000 937,000 235,000 25




VisualDOE

® Created by the Architectural Energy Corporation.in 1999

® Design software tool developed to allow engineers and
architects the opportunity to evaluate the performance of an
HVAC system under given conditions

® A '"front end" to DOE2, a building energy analysis program
developed by the Lawrence Berkeley National Laboratory
through funding by the Department of Energy

® Covers all major building systems including lighting, day
lighting, HVAC, water heating, and the building envelope

: *_ 2| Ababama ldustriad Assessment Center




What data is needed for VisualDOE?

® Requires an architectural model be
made of the facility ]

® Bin weather data for the area

® An estimated light , power, and
occupational density and schedule

® Data regarding the HVAC system
(cooling and heating capacity, fan
data, thermostat settings, outdoor air
usage and infiltration)

® Bill data

THE UNIVERSITY
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VisualDOE Outputs

® Estimated monthly energy
usage and cost of lighting VistelDOE 41 - Results January 22,10
system, equipment, and HVAC s

Atkmatw hn Fb Wr B By Jm Jd hg Gt O v Do
SYSte m bt Cae I.i3i.t: lsslsg 1,315,12 zumg 2213;: z,aws,s? zmug 21&22’1 z,ﬂug lwg l,smg uuusg
. Manthly Electrical Power Demand (kW)

® Estimated monthly power
Altmaiw P W A Wy dn W g wpt ot v D
d d Tt Cae P T YV R ¥ R N U TR ]

e m a n Manthly Fugl Usage

® Hourly temperature profile of T B T T G e Th e T T T

the facility

® Maximum heating and cooling
demand

O Alabana ledustiiad Assessment Contor Ki_j&léizii{/i A
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Energy Savings Projects

® |Improve building insulation

® Reduce outdoor air infiltration

® Change thermostat set points

® Reduce the amount of conditioned space
® Consider new equipment

— Improve efficiency

(NG| Alabana ledustriad Assessment Contor Rij&%ﬁi{/} A
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Case Study

® Automotive components
manufacturer in Luverne, AL

® Entire plant conditioned
throughout the year

® |arge heatload generatedby . — — —  _ seeaaaaw

welding operation .’ ,fm"”"

® Exhaust fans used to improve
indoor air quality

® Unoccupied warehouse also
conditioned

THE UNIVERSITY OF
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VisualDOE Model

® Created building model
® |nput LPD, EPD, occupational density, and infiltration

® Created one large zone with lumped HVAC system
— 22,284 kBtu/hr cooling capacity

VisualDOE 4.1 - SMART AL

— 13,520 kBtu/hr heating capacity % . e o

— 570,600 cfm airflow from unit fans % ; F
® Input outdoor air infiltration rate |2 e

— 1,203,000 cfm exhaust flow rate e TR

THE UNIVERSITY OF

ALABAMA

ENGINEERING
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Case Study Baseline

Lighting
Energy
Usage

(kWhlyr)

Equipment
Energy
Usage

(kWhlyr)

Cooling
Energy
Usage

(kWhyr)

Heating
Fuel
Usage
(MMBtulyr)

Annual
Electric
Usage

(kWhlyr)

Fan
Energy
Usage

(kWhlyr)

Annual

Heating Fuel

Usage

(MMBtul/yr)

4,191,118

L4500

5,060,947

4,700

1,718,704 | 18,695,850

4,700

Zones and Systems Diagnostics

Alternatives - (System not Met - Plant not ket’)

Basze
Reduce Infiltration - [95.4% - 0%)
Reduce Cooling Load - (71.2% - 0%)
Zones T Systems
Conditioned Zones [12]
Raom_12 Hours Haurg
oo g ZUI’].E Temgah‘al.uras Under Under
Room_34 Maximum  Minimum  Heated Coaled
R iz}
Roomam Januay 939 627 1 262
Foam_37 February 96 £33 0 242
o = arch 829 B58 0 180
oofm_ |
Room_72 April 734 E0.2 1} 109
Foom 73 ap 1.9 E7 1 1] 2E6
Room_74 June 305 B21 0 345
Foom_75 July 867 .1 0 320
August 4.3 40 368
September 807 E7.2 1) 295
October b B&1 0 114
November  51.9 EE 1] 191
December 86 E02 0 270
Total 0. 25932,
Max. Supply Air: 12622.5 cfm 0.75 chn/fe
Qutside Air 12622.5 cfm 0.75 cimdfe
Spstem [PSZ): System_3001
Flaor Area [fE): 16830
S5-G Peak Codling Loads: 0 kBiu/h; 55-G Peak Healing Loads: 0 kBtu/h
SW-4 Extraction Rate: 15.37 kBtush; Addition Rate: 2871.55 kBtuth

7,000
__ 6,000
=
= 5000 -
2
& 4,000 -
E
a
2 3000 4 —+—VDOE
£
'g' 2,000 —@—Bill Demand
=
1,000 -
0
S 8 5 5 &£ 3 ¥® 238z 48
Trsif32232824
Maonth
2,500,000
=
=
= 2,000,000
@
g
2 1,500,000
S
S 1,000,000 ——VDOE
= ——Bill Data
£ 500,000
c
Q
=
0
E82EES255824

Month




Energy Savings Projects

® Main issue: exhaust fans
— Exhausting conditioned air to improve air quality

— Loosely used ASHRAE standards and determined air turnover
should be decreased by half

— Recommended cutting off half of exhaust fans and installing
filtration system

— Estimated energy savings: 1.61 MWh/yr
® Secondary issue: conditioned warehouse

— Recommended zoning off warehouse with vinyl curtains
— Estimated energy savings: 407,000 kWh/yr

INC\| Alabana ldustmiad Assessment Contor Kij&%ﬁi{/} A
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Pros/Cons

SSAT VisualDOE
— Ability to model real — Provides accurate
steam systems estimation of HVAC

— User friendly system energy usage

— Provides accurate

estimation of plant
— Can’t have model energy usage

with variable loading

® Cons:

— Provides temperature

— No economizer profile of the plant
option ® Cons:
— Requires a lot of time
— EPD

INC\| Alabana ldustmiad Assessment Contor Kij&%ﬁi{/} A
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Pros/Cons

CWSAT AlRMaster ™
® Pros ® Pros
— Graph generation — Graph generation
— Many efficiency measure — Many efficiency measure
options options
® Cons ® Cons
— Cannot save input data — Complications from logged
— Limited input variability data
— Needs some debugging — Importing data to AIRMaster

is cumbersome

— Hard to measure value of air
leaks in plant

THE UNIVERSITY OF

NG| Alubana ludustriad Assessment Conteor ALABAM
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Questions/Comments

® Pros/cons of these tools?
® \Which tools do you use?

| Oy %\ Atabama ledustruiad Assessment Centor

IIIIIIIIIIII



	Slide Number 1
	DOE Software Tool Use 
	Outline
	CWSAT Software
	CWSAT Input Data
	CWSAT Output
	CWSAT IAC Uses
	CWSAT Case Study
	Baseline Operation Results
	Energy Savings
	AIRMaster + Software
	AIRMaster + Input Data
	AIRMaster + Output
	AIRMaster + IAC Uses
	AIRMaster + Case Study
	Baseline Operation Results
	Energy Efficiency Measures
	Steam System Analysis Tool (SSAT)
	What data do you need for SSAT?
	What data do you need for SSAT?
	SSAT Outputs
	Energy Savings Projects
	Case Study
	Case Study
	SSAT Model
	2008 Baseline Operation
	Energy Savings Projects
	Energy Savings Results
	VisualDOE
	What data is needed for VisualDOE?
	VisualDOE Outputs
	Energy Savings Projects
	Case Study
	VisualDOE Model
	Case Study Baseline
	Energy Savings Projects
	Pros/Cons
	Pros/Cons
	Questions/Comments

