VIRTUAL ENERGY
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HISTORICAL FACTORS

m OPERATIONS BASED MAINLY ON

FORMATS

m ADEQUATE

INTUTION AND EXPERIENCE

INSTRUMENTS PROVIDE THE MOST
IMPORTANT DATA IN A VARIETY OF

STHODS TO DATE

® NOTHING WRONG — BUT CAN BE

IMPROVED




CONSEQUENCES

m INCOMPLETE PICTURE OF THE ENTIRE

P

m R]
OF TH

LANT

HCO]

OPERATIONS
RDS REFLECT ONLY A PORTION

E EQUIPMENT

s FORECASTING, PREDICTIONS, AND
ESTIMATIONS ARE EMPIRICAL (BASED
ON EXPERIENCE)




VEA

SOLUTION: The Virtual Energy Audit

= Whole plant basis — all parts working
together

m Calculation with accounting leading to
energy balance

= A virtual energy audit (balance) on
demand

m Uses MS Excel — simple and direct




BASIS

ENERGY IN = ENERGY OUT*

* Product (Delivery) + Losses + Work

LOSSES

INPUT / DELIVERY




FUNDEMENTALS

STOICHIOMETRIC COMBUSTION
(the secret)

m Water at temp + heat —— Steam at pressure
m BTU (British Thermal Unit): fixed unit

m Requirements from feed to output in a boiler is
known and able to be calculated




FUEL

The fuel shown is natural gas (CH, mostly)
Solid Fuel (wood) given local data
Coal 1s common

O1l tuel given characteristics

Key: heating value at firing conditions




A LITTLE THERMODYNAMICS

® Natural Gas — most uniform

«CH,+20, — CO,+2H0

= 1 LB MOLE CH, = 337,775 BTU/Ib mole *
m OIL - Varies by grade

= 137,000 — 150,000 BTU/gal

m Wood — Varies by species, moisture, and dirt
= 8400 — 11,300 BTU/Ib (dry), 8750-874 BTU/Ib (wet)

m Coal — Varies by type and location
= 9300 — 14,700 BTU/Ib




COMBUSTION SHEET

Flug Gas Calculations
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STOICHIOMETRIC BENEFITS

m Creates known requirements to heat watet,
add latent heat, and generate steam conditions

®m Calculates combustion environment
m Air flow
m Flue conditions
m Residual O2 —— Excess air
= Efficiency contribution

B Can accommodate blowdown and radiant
heat losses
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m LOOK AT THE INTERNALS OF THE VEA
m GET A FEEL FOR THE PARTS
m LEAD TO MORE DETAILED

DEMONSTRATION




SCHEMATIC SHEET

EFFICIENCY

HEAT RECCWERY
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OPERATOR LOG

Plant Operational Log 3/7/2008 10:35]

Plant Load Total kpph deliverad 43[]-| kpph produced
High Pressure psig

Boiler 2 Buoiler 3 Boiler 4
Load 150 100 80
Boiler Load Factor 75% 63% 67%
Plant Load Factor 35% 23% 19%
Flue Gas 02
Flue Gas Temp
Flue Gas Flow

Fan Spesd

Delta Pressure
Inlet Air Temp
Inlet Water Temp

Water Temp (requirad input)
Heat Recovery Inlet
Heat Recovery Outlet Heat Recovery Op. |
Deaerator Inlet Temp

Mumber of Softeners

Make-up Pump Mode 1= all steam, 2 = all electric, 3 = steam & electric
Feed Pump Mods 1= all steam, 2 = all electric, 3 = steam & electric

Blowdown \Waste Temp

Plant Efficiency

Balance




OVERALL PLANT OPERATION Data Tr200E
Rum IO Working

Sat Owerall Plant Operation WValues

Met Steam Load Dellvery 202 497
15 Psl Header High Prassure 265,568
50 P=l Header High Prassure 143.5

Boller Sat Up:

Baliar # 1 100,000 , D T Mg
Ballar# 2 150,000 200, D T Mg
Baller# 3 100,000 e 160, D T Mg
Baller# 4 0,000 e 120000000 B ma
E20.000.00 IDvhr max
Earometiric Prassure 14556 Culslde Almosphenc Temp

Fead Water Temp 55 nelde Ambkent Temperature
Deasrator Temp Out 23%.89
Deasrator Temp Cata 236.89

IRy Uniz Costs: Sel values Delow

ratural Gas [ 1p0]|perterm [5 0.07 |perkwn

Heat Recovary Used Y arn
Zat Heat Recovery 1o M for Type A or Type D only
Plant Output Values

PR Flow 48, 17050 |Lnr -

Supemesl Values 50 psl Haader “F 15 psl Heager [ @9as |'F
Mabural Gas Consumphion 5,148.28 |Thar'rs-"|'
Eleciricity Consumption A3 1.6|aHr Fior producion purposss only

Fesad Water ConsumpIon 242,030 |ibenr I 58230 |GPM 1,270,505 |EPD

Basi: Owverall 3team Load 242,030 Jibenr Z%2am Losses 12,030 [Ib/hr
Equiv. Loss 15,0581 [Ivhr

Mass LoE Index 1.0830 Fachor

Coste:

Mabural G3E 3 B, 12828 |per hour Electricity [§ 5.31 |per howr
5 47558582 |perday (1) S O00.04 |per oy (1)

{1} based on uniform kad

Efficlancles

Sleam KMBTLSRr proguced Balanca S5.T7d%
Gas KMBTLSRr consumed
ElecTicity KMBTLSRr consumed

Steam n - o7 3% Satio of Steam gelversd o steam ussd
Basic = TE.2% Ratio of steam proguced io NG energy consumed
Sgantn = TE.7 %% Ratio of steam proguced i oulput

Equivalent losses = condensation kDsseE for s:2am usad o heat Da




TYPICAL FOR
INDIVIDUAL

UNITS

BOILER #2

Inputs

Required Steam Load
Load Factar

Pressure

Stearn Temperaturs
Excess Air Used
Excess Cuoygen [Flus)
Boiler Efficiency

Flue Gas Temperature
Blowdown

Radiant Losses

Dutput

Ajr Flow

Flus Flow

Fuel Consumption
Blowdown

Air Preheater

Heating Medium
Temperaturses

Ajr Flow

Air Inlet Temperaturs
Air Duiflet Temperature
FD Fan Drive

Gas Flow

Boiler #2

150.677.27

Lb/hr

1684,450.95

Lb/hr

8.088.35

Lb'hr

2250

Iaihr

Flue Gaz
5823
164,450.85

<003

ag
Io'hr
ac

aE

200,000 lo'hr capacity

—

calculated by load
wet mole fraction

dry bulb

20,143 88| Lb/hr H2O

2 275,868 |BTUhr

25 inch H2O maximum

5474526

ACFM

From Actual Flue Gas Flow

600 RPMbase]  1120]RPM Actual

Speed Correclion

Head
Power Consumpiion

Ideal Fan Powsr
Actual Efficiency

Power Mode

—

55.1|HP
34.8[HP
83%

required

1= Steam

140,300 |BTUMr

2=Electrical

Turbine:

Exhaust Pressurs
Assumed Turbine Efficiency
Energy Use

Stearn Flow

Steamn Power Factor, ref.

i|psig

STU/hr
Iaihr
Iathp-hr

Electrical:

Electrical Load

Ideal Electrical Load
Electrical Efficiency

Mote: Hypothetical




HEAT RECOVERY

CONDENSING ECONOMIZER

Heat Recovery Summary

Gas Flow In

Water Flow In

Water Flow Out

Recovered Heat

Recovered Water

112934.0| ACFM

868.83 [GPM

904.26 |GPM

3543 [GPM

Recirculation Pump Flow

Transfer Pump

Power

Flow
Power

32,224,230 |BTU/Hr

Temperature
Temperature

Temperature

450.19 [°F

60.80 [°F

134.76 |°F

Ib/Hr.

1303.24

44 .65

904.26

131.72

Head

Electricity

Head

Electricity




FLANT USES

Plant uses come fom 15 peig and 130 pelg steam headers

15 palg Steam

E2am Pressure
Ssam Enthalpy

Latemt Haat

Seam Temperaburse
ket 2lant Consumption

Header equivalznt enfnalpy
Header Temperaiure
Zuperhaat

&0 palg Steam

Eeam Frassure
eam Emtnalpy
Ssam Temperabura

Header equivalent enfnalpy
Header Temperaiurs
Zuperhaat

150 psig Stasm
Zi2cm Pressure
=2am Entha F¥
Zheam Temperziura
Met Plant Consumpton

Baromsiric Pressurs

15]pelg

1.161.42 BTL/G
o702 BTIVID
2487 "F

16,053,923 [Lbvhr

1,173.5% |BTLVID

ZIT. 0 |°F

2735 |'F

60 |pelg

1.181.37 BTG
373 °F

119515 |BTLVID

42991 |°F

2258 |'F

1435 |psig

1.185.15 BTG

SELT °F

103,367 45 |Lbvhr

T4 606 |psla

PILLANT USES 1

20,695 psia

gaturated

29,696 psia

T4 698 peia
saturaked

74,696 psia

158.2 psla

gaturated

THERMODYNAMIC
PARAMETERS




PLLANT USES 2

COMMON EQUIPMENT

Plant Paripheral Equipmant WValuss

Daaarator Ciper. Press 5|psig

Flow 34,922 Livhr

Temperature In 14938 “F

Temperaturs out Z26.599 |"F

AT throughn codler al|"F

Fequired Heat 40,356,396 BT hr

Faum from Congansale 0 Iahr

Tokal Steam Flow 34,922 31 |iohr

Seam Flow Spiit B ps! 16,53858.28 |Inhr 135 pel PRV 18,053 92 [Initr
Equivalent Haating Lass 12080080 |Inhr | 14,630,369 |ETUHr
\ient Loss 2880000 |lbodtr mass loss from syEEm
2,991,157 |BTLRr

High Presaure Trap Coole

Flow 1,135 |ihr

neoming Trap Temperature 3827 F hin 3348 BTULD
ncoming Waler Temp 350 °F hic 231 BTULE
okl ."‘.FIETEEITI Temperaiu -2 |°F

Heat Exchanged 350076 [BTURr  Vanatian 1025
Outgoing Trap Temperature 5081 |'F hah 7T BTLILD
Outgoing Water Temperature 55 EI5|'F hae 239 BTUILE
FI3TENg TEmMperaln gan DE|"F




PLLANT USES 3

Blowdoan Flow 8, 150,00 I|=-'|'I' Cbialn from colecdon of all biowhoan Nows
maes ks from system

ncoming Blowdoan Temp 36286 F hih 334.5 BTULDL

ncoming Waler Temg 13476 °F hic 101.1 BTWLD

Blowdown Cooler

Cutiet Approach Temperaty F
BTWhr  Variation *m
Cutgaing Blowtioen Temp. F hah 4= ETLLE COMMON

Curgoing Waler Temperaturs F hac 118.1 BTWILD
NoOmireg Temperaiurs gam “F

Feed Water Pumps [turbinss) EQUIPMENT

Maks-up Pumps 15 psl outpert

Mumber of SoMEnSrs [ Oi.2ar3

Powar spit B 1] 1 =s=am only, 2 = eecnc only, 3 = steam & eecinc

Waler Flow 1E.565 38 |infr Equal al s3=am flow B850 [GFM
Flow per pumg 23115 |PM 300 GPM basls
Head 50 54 |1 K20

Pump APk JETE|RPM

Sieam: Hign press 142.5 paig Siaciric:

Power Consumgption/pump 35 |HP required

deal Pawer 57 _HP Elecincity

Pump Efficlency E3%| Rdztor n

Met Eleciricity [ - [6W

Exhaust Pressure &]psig
Exhaust Enthalpy 115642 |BTLID
Azsumed Turoine EmEEFG} 40%
Enzrgy Use S5E.921 BTN
Sieam Flow 1E. 856 3E [Ioihr
E%=am Power Faciar, ref. 185,684 |I:-'h=-'1r

Faed Pumps = | 235 |pal output

Powar spit B 1] 1 =s=am only, 2 = eecnic only, 3 = steam & eecinc

‘Waler Flow 430.009 liohr 85830 [GPM
Head S4Z 9| H2D DA Tank Cutput 300 GFM Basls

Sleamc Hign press 143.5 peig
Power Consumplion 2338 |HP
nieal Fower 117.7 |HP [ w= required
Fump Efclency 0% Elecincty - W
Exhaust Pressurs 15 Rdotar
Azsumed Turtine EfMclency 0% Met Electricity [ - oW
Engrgy lUse T.625 |BTU/hr
Z%=am Flow 10772 |lothr
Saam Power Facior, ref. 18854 |inmp-hr




MASS BALLANCE

Produced Steam #1 #2 #3 = Met
180 psig 100,000 150,000 100,000 20,000 430,000 pph

Mass Balance

133454 pph
4045 pph
288,988 pph
404,497 pph

Steam Uses

g PSl 15 PS5l
8 psig exhaust 18,558
15 psig exhauwst 42 381
Fan Turbines (42,391}
Make-Up Pump 16,868 {168.868)
Feed Pump 42 108 (44, 108)
Cieasrator (15 psi letdown) (18.054)
Cizasrator (& psi feed) {18,868}
I=t - B5.314 (103,387)

Losses

Blowwdown 89150 pph

Vent 2880 pph
12,030

PRV 48,170 pph

Reconciliation 15 PS5l 140 PSI

Produced - 430,000 pph
U==d 85,314 (103,387) pph
PRY (140 to 15, less 50} 48,170 (42.125) pph
Losses {12,030} pph
Fet 133,454 270477 pph
‘fariation - 3,508 peh




In

ENERGY BALANCE
The Bottom Line

614.83 MMETWhr
12,86 MMBTWhr
10017 MMBT W hr

638 MMETUMr

S MB T hr
5.74%

Plant Energy Balance

150 p=i Steam
80 psi Steam
15 p=i Steam
#1 Fam Turbine
#2 Fam Turbine
#3 Fam Turbine
#4 Fam Turbine
MU Pump

FW Pump

Ci& Heating

DA want

Steam Trap Cond.
BD

Radiani Losses
Flue Gas 1 & 2
Flue Gas 2 &4

Enengy
318.0v
4.83
158.86
0.55
0.40
0.28
0.20
0.57
1.48
14.83
1.37
13.08
5.5
1714
Gi1.48

G0t

78.2%|Basic Thermal Eficiency

78.7%| Overall Plant Efficiency

18.19%)]

Out

MMBTU r
MMBTUMr
MMBTUMr
MMBTUMr
MMBTUMr
MMBTUMr
MMBTUMr
MMETU/ hr
MMBTUMr
MMBTU r
MMBTU r
MMBTUMr
MMBTUMr
MMBTUMr
MMBTUMr
MMBTUMr

MMETUhr

Mass
286 87 KPPH
404 KFPH
133.48 KPPH

0.00 KPPH

8.15 KPPH

404.50 KPPH
.15 KPPH




PAUSE

SO, WHAT WAYS WOULD YOU SEE TO
MAKE THE VEA WORK FOR YOU?

(There 1s no quiz, therefore there 1s no pressure.)




FEATURES

m Stand-alone program or integrated into an automated
control program

m Adaptable to future changes to remain unique to a
specific plant

m Operates in many modes (see later)

B Accounts for all significant equipment

Fans, Pumps, Deaerator-heaters, Pre-heaters, Economizers,
Heat Recovery, Generators, Hot wells, Turbines/motorts,
chillers, pulverizers, and more...




TOOLS

s OPTIMIZER — FORECASTING
OPERATING EFFICIENCY

s DOCUMENTATION — RECORDS
FOR TOTAL PLANT EQUIPMENT

s MODIFICATIONS - RESEARCH
W/O HIGH COST

s AUTOMATION
s TRAINING TOOL




OPERATING EFFICIENCY

RI7008 10:42

Plant Operational Lag |

[ ol prossss

3/5/2008 10:41]

[ Soepoh prosunss

Plant Operational Log |

Plant Load Total 242.8|kpoh deliverad Plant Load Total kpoh delivered

High Pressurs

Load

Bailer Load Factor
Plant Load Factor
Flug Gas 02

Flug Gas Temp
Flue Gas Flow

Fan Speed

Delta Pressure

Inlet Air Temp

Inlet Water Temp
Water Temp

Heat Recovery Inlet
Heat Recovary Outlet
Deasrator Inlet Temp

Mumber of Softeners

Make-up Pump Mode
Fead Pump Mods

Blowdown Waste Temp °F

Plant Efficiency kS

Balance

143.5

Boiler =~

Fsig

Bailer 2

Bailer 3~

Bailer 4

0

18

(105)
ot

)

0%

)
e

o

16%

0%

0%

54%

7%

I

74.8%)

2.20%|

{required input)

Heat Recovery Op. Y or

1= all steam, 2 = all elacfric, 3 = steam & electric
1= all steam, 2 = all electric, 3 = steam & electric

High Pressure

Load

Baoiler Load Factor
Plant Load Factar
Flue Gas 02

Flug Gas Temp
Flue Gas Flow

Fan Speed

Delta Pressure

Inlet Air Temp

Inlet Water Temp
Water Temp

Heat Recovery Inlet
Heat Recovary Ouflet
Deaerator Inlet Temp

Number of Softeners

Make-up Fump Made
Fead Pump Mods

Blowdown Waste Temp °F

Plant Efficiency

Balance

psig

Bailer 2 Bailer 3=~ Bailer 4

(105 )
D% e

0% 0%

246

680

(required input)

Heat Recovery Cp. 'f ori

1= all steam, 2 = all glecfric, 2 = steam & electric

1= all steam, 2 = all electric, 2 = steam & electric

Case 2 - documented
1;] = 79.9%




TRAINING TOOL

Plant Operational Log

kpph

Overall

85 (requirad
]
[ [HeafRec
Mumber of Softeners
Make-up Pump Mode
Feed Pump Mode

Blowdown Waste Temp *

Plant Efficiency

Component
Customized simulation of the

specific power plant to learn
how to operate and optimize
quickly and without actual
operation.




DOCUMENTATION

Flant Cperational Log

Flant Load Total
High Prassure

Inl=t Air Temp
Inlet Water Temp

(required input)

Heat Recovery Cp. '

Make-ug Pump
Fesd Pump Mod

Blowdown Waste Temp °F

Flant Efficiency

Record and document specific plant conditions with all details




AUTOMATION

Plant Operational Log

Plant Load Total D : oh prod
High Pressure

Boiler 4
Loar

r

(required input)

} ’ [ |HeatRec
Deaerator Inlet Temp  © L ]

Number o

Make-up Pump Mode
ed Pump Mode

Blo n Waste Temp “F

S E RV E R Plant Efficiency

Balance

VEA

TIE-IN BETWEEN SYSTEM AUTOMATION AND VEA TO
ENABLE SPECIFIC DATA RETREIVAL AND OPTIMIZATION.




MODIFICATIONS

s COMPARE TWO (OR MORE)
MODIFICATIONS

s DETERMINE EFFECT ON PLANT
OPERATIONS - WITHOUT ACTUAL
CHANGES

s CONDUCT FEASIBILITY ANALYSIS




Contact Data

VA:W

(Value Added 6y Werner)

Alan Werner, P.E. Principal

aawetrner(@comcast.net

(425) 988-3587

WWW.Vittenergy.com




