VIRTUAL ENERGY
AUDIT
UPDATE — ROUND 2

Your Power Plant on a desktop computer

Alan Werner, P.E
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HISTORICAL FACTORS

® OPERATIONS BASED MAINLY ON
INTUTION AND EXPERIENCE

® INSTRUMENTS PROVIDE THE MOST
IMPORTANT DATA IN A VARIETY OF
FORMATS

" ADEQUATE METHODS TO DATE

" NOTHING WRONG — BUT CAN BE
IMPROVED




CONSEQUENCES

" INCOMPLETE PICTURE OF THE ENTIRE
PLANT OPERATIONS

® RECORDS REFLECT ONLY A PORTION
OF THE EQUIPMENT

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



VEA

SOLUTION: The Virtual Energy Audit

® Whole plant basis —all parts working
together

B Calculation with accounting leading to
energy balance

" A virtual energy audit (balance) on
demand

B Uses MS Excel —simple and direct



BASIS

ENERGY IN = ENERGY OUT*

* Product (Delivery) + Losses + Work

LOSSES

INPUT DELIVERY

=) 444 =)




FUNDEMENTALS

STOICHIOMETRIC COMBUSTION
(the secret)

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

B Requirements from feed to output in a boiler 1s
known and able to be calculated



FUEL

The fuel shown 1s natural gas (CH, mostly)

Coal 1s common

O1l fuel given characteristics

Key: heating value at firing conditions




PLANT SCHEMATIC
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SIMPLIFIED DIAGRAM
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SCHEMATIC SHEET

EFFICIENCY

Srodusion

HEAT RECCVERY
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GOLD AND YELLOW BOXES = INPUT




OPERATOR LOG

Plant Operational Log
Plant Load Total kpph

High Pressure set

Load I-;:F:. |:|r'|
Boiler Load Factor
d or

Fan Sp
Delta P

Deaer:
Mumber of Sofiene

Make-up Pump Mode
Fesd Pump Mode

Blowdown Waste Temp ©

Plant Efficiency

Balance

ATI2008 10:35

kpph produced

Boiler 3 Boiler 4

55 (requirad input)

]
| |HeatRecoveryOp. [ ¥  [YorN

1
—
1




OVERALL

OVERALL PLANT OPERATION Data Tr200E
Rum IO Working

Sat Owerall Plant Operation WValues

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

Boller Sat Up:

Load Fachar

Baller £ 1 100,000 23% 1 D ot max

150,000 355 200, D ot max

100,000 23% 15 D ot max
E0,000 15%: 120,000.00 /e max
100°% EL0,000000 e mia

Earometric Prassurs 14,586 Cuislde Almasphenic Temp

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

ISy Uni Costs: Set values Delow
ratural Gas [ 1p0]|perterm 7 [5 0.07 |perkwn

Heat Recovary Used Y arn
Set Heat Recovery 1o M for Type A of Type D only

Plant Output Values

ERY Fiow e .
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 For producion purposas only
Fesad Water ConsumpIon 242,030 |ibenr I 9230 | GPM 1,270,505 |EPD
Baslc Onverall Steam Load 442 030 |Ibnr Z%8@m LoEsEsS 12,050 [Ibvhr

Equiv. Loss 15,051 |IbfTer

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




THE SOURCE




FUEL ANALYSIS

Wood Fuel Analysis

Seasonal Moisture by Month




HEAT CREATION
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BOILER PERFORMANCE

BOILER 1

Inpuks

Reguinsd Bi=am Load 125,000 | oihr 180,000 Ibfhr capacky
= A

Fressune ECD|pslg

Eizam Temperaise BS0.0|"F 'F Buperheak
Flue Gas Temparature TS |'F dry buls

Excess Ar H5%
Resiiual Fhes O 445%
Saller EMIClEnCy 25.0%
= cwdoan 5 1.50% T

Baller Losses 2.5%

Output

Alr Flow
Flue Fiow 18 534 &7 |Lbihr HIO
Fuel Corsumplion, Wet Tons 1595112533 |BT.VAr

Sisam Coll Alr Haatsr

Adr Flow 208 860,21 Inihr
nk=t Tempamaturs E|"'F
Dwiiet Temperature 91.2|"
Apoproach Temperatune sel vake "

Condersate Culst 1 ' hio 1530 BT

Eizam Flow 5,004 55 | oihr 154 545 |BTLWhHr

Bdatlc Pressurs Dnop II.I:El n. \Wa Juesion

Alr Heatar

Gas Temp In TZ5.3
Sas Temp Ot 32£0.4
Alr Temp In 1.2
Adr Temp Cul 556.4

Ar Flos 208,860.2% Inihr [ #a.138.48 Jaceu




FAN PERFORMANCE

Foros Draf Fan
kiaks-up Alr Gas Flow
Head

Fower Consumption

deal Fam Fowsr
Fan sficiency

208,860.21

oihr

B9314.68 ACFM

T L

330.5

184

Sh%

HF

-

Elecirical:

deal Eecirical Load
Elacirical EMiclancy
Elacirical Losd

From Achesl Make-up AF Flow

1

251 346,76 [BTUAr

Indugad Oraft Fan

Flue Gas Flow

Head

Fower Consumpbion
deal Fan Fower
Fan etlick=ncy

233,055.52
113,5958.52
114.00

12.2

7.0
Fa k)

Ti%

oihr
ACFM
ACEM
mch H2G

Elecirical:

deal Eecirical Load
Elecirical EMiclency
Elecirical Load

From Acheal Flee Gas Flow

M04F

TE4555.14 [BTUMr

Distributlon Fan

Alr Flow

Head

Power Consumpbon
deal Fam Fower
Fan eticl=ncy

16,082.24
5,863.54
5.86

252

8.4

i

Electrical:

deal Eecirical Losd
Elacirical EMiclency
Elechrical Load

proportional fram FD flow

5564 °F

72396.54 [BTUMr

Full Load
Raled Speed

Full Load
Raled Speed

Full Loasd
Raled Spesd

400 RFM min
1400 RFM max

B3% full load ratl

0 HP
1770 RPM

44% Tull load ratl
T30 HP
555 RPM




Turbine-Generator




TURBINES

Tuwrblre Senarator 23

W= 3.000 |pW
51.53% |Froooricn 13.1%

Weohankal EMcl=ncy
EOD psl boad
waDzuT pressure exhawst

Computation

mie [ a7

Wl - 10,238,623 |BTLUNr
Reguines 10,238,622 BTUMNr

Elecirical Generation

87.2]|"F Hood Temperaluns

1093.1|8TUMD

varlance - BTUAhr

Eamor S OLDd%
Turbiee Genarator 24

w- [ somouw
Mz=crankal EMclency

EOD psl boad
2EE pal mxiraction
VDU pressurs axhasst

Compuiaiion

M = 145,000 |Inihr

Wl - 8,203,560 |BTUNr
W - 158,355,093 |6TUNr
Yt 31,788,441 BTUMNr
Reguires 31,388,441 BTUMNr

E00 sl siE=am

Slecirical Generaticn

Frooorion 40.2%

'F Hioiss Temparalune

=2TUND

[varianes - ETLAr

Eamar % OLDd%

00 sl steam

2E5 pel exlracton

1| Computation
Wl - 3,370,508

Reguired 10,238,622

1| - O.315250858

computafion

md - 145,000 |inihr

Wl - 5203 360 [BTUWUhr
W - 12,383,013 |5TWhr
st 3%,552,974 BTWhr
Reguired 31,355,421 BTWhHr

- D.225352047




CONDENSERS
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THE POND




THE WORKING END




COOLING POND - NUMBERS

Cooling Pond Heat Balance

Ambient Temperature 423224
Wet Bulb Temperaiure ) 7645
Amiient Wind Spead = T2.28
21.61
Circulating Flow 46000 4964
23,046,000 133972
Incoming Temperaiure 87 177230
-1856.40

Heat Lost in Sprays 18.1 |°F
Surface Temperature 6889 |°F hs = 3692 BTUNm

Heat Lost From Surface 4964 |BETUMr-5q.Ft.

5,886,959 [BTUHr.

Pond Volume 7,096,844 gallons Heat1 2,1838,003,884 BTU
Heai2 2,182,116,525 BTU

Returning Temperature 6B.82|°F iy 36.86 BTUlbm

Vet Bul Caleulations
Temperature 10.56 °C
247 .86 K

Felative Hurnidity To.2%
Saturated Vapor Press. 1.2748 kPa
“apor Pressure 0.9551 kPa
Dew Point 6.36 °C

4345 °F
Gamma 0.056850 factor
Delta 0056199 factor
Wt bulb Temp B.AT 2C

47 24 °F




MASS BALANCE

Mas= Balance

Produced Steam

600 psig

B
129,000

Delivered Steam
10 psig
265 psig

117,722
439 260

B3
218,000

Met
457,000 pph

Steam Uses

G600 psi

T1 Load

72,808

T2 Load

24,833

T3 Load

27,993

T4 Load

200,995

145,000

TS Load

26,023

Turking Total

352,602

Feed Pump, Turbines

Desuperheat Pump, Turbine

Deasrator

Preheaters

Losses
Blowdown
“ent

FEY 10
PRY 265




ENERGY BALANCE
The Bottom Line

Plant Energy Balance
In Ot
Energy Mass
614.83 MMETWhr |150 psi Steam A318.07 MMBTU/hr 286 87 KPPH
1286 MMETUWhr |80 psi Steam 483 MMBTUWhr 404 KFPH
10017 MMETWhr |15 psi Steam 1568.88 MMBTUhr 133.48 KPPH
#1 Fam Turbine 0.55 MMBTUhr
#2 Fam Turbine 040 MMBTUhr
#3 Fam Turbine 0.28 MMBTUhr
#4 Fan Turbine 020 MMBETUhr
MU Pump 0.57 MMBTUr
P& Pump 149 MMBETUhr
C& Heating 1483 MMBTUhr
D& vant - MMBTU hr 0.00 KPPH
Steam Trap Cond. 1.37 MMBTU/hr
BD 13.08 MMBTUfhr 8.15 KPFPH
Radiani Losses 858 MMBTUhr
Flue Gas 1& 2 17.14 MMBTUhr
Flue Gas 3 &4 G1.48 MMBTUhr

404.50 KPFPH
632 MMETWhr &01 MMBTUhr 8.15 KFPH

St MMET W hr ] 78.2%|Basic Thermal Eficiency
5.74%

78.7%)| COwverall Plant Efficiency

15.1%]




PAUSE

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

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



FEATURES

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

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

B (Operates in many modes (see later)

® Accounts for all significant equipment

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



TOOLS

= OPTIMIZER — FORECASTING
OPERATING EFFICIENCY

" DOCUMENTATION — RECORDS FOR
TOTAL PLANT EQUIPMENT

" MODIFICATIONS — RESEARCH
W/ O HIGH COST

" AUTOMATION o\
= TRAINING TOOL A4
= REPORT GENERATION 7




OPERATING EFFICIENCY

8/2008 10:42

Plant Operational Log |

kpeh produced

| 3/8/2008 10:41]

kpph produced

Plant Operational Log

Plant Load Total 242 B|kpoh delivered Plant Load Total kpgh deliversd

High Prassure

Load

Bailer Load Factor
Plant Load Factor
Flue Gas 02

Flue Gas Temp
Flug Gas Flow

Fan Speed
Delta Prassure

Inlet Air Temp
Inlet Water Temp

Water Temp

Heat Recovery Inlet
Heat Recovery Outlet
Deasrator Inlet Temp

Mumber of Softeners

Make-up Pump Mode
Feed Pump Made

1435

Boiler j~

Psig

Bailer 2 Bailer 3~

Boiler 4

0 (a2 )

i@

(05 )
e

)

0% N

16%

0%

0% 54%

7%

1

(required input)

Heat Recovery Op. Varl

= all steam, 2 = all elaciric, 2 = sieam & electric
= all steam, 2 = all elaciric, 2 = sieam & electric

High Pressure

Load

Boiler Load Factor
Plant Load Factor
Flug Gas 02

Flug Gas Temp
Flug Gas Flow

Fan Speed

Delta Pressure
Inlet Air Temp
Inlet Water Temp

Water Temp

Heat Recovery Inlst
Heat Recovery Ouflet
Deaerator Inlst Temp

Mumber of Softeners

Make-up Fump Made
Fead Pump Mods

peig

Boiler 2 Bailer 3~y Bailer 4

(105 )

18

0% N

18%

0% 0%

%

248

4.84

680

416

{required input)

Heat Recovery Op. ‘r or M

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

= all steam, 2 = all electric, 2 = steam & elechric

Blowdown Waste Temp °F

T4.8%|

Balance 2.22%

Blowdown Waste Temp °F

Flant Efficiency % Flant Efficiency

Balance

Case 2 —documented
=79.9%




DOCUMENTATION

Flant Cperational Log

Flant Load Total
High Prassure

{required input)

Heat Recowery COp. "r' or M

m oM m o

=)

Number of Softeners

Make-up Pump Maode
Fesd Pumg h

Blowdown Waste Temp °

Flant Efficiency

Balance

Record and document specific plant conditions with all details



AUTOMATION

Plant Operational Log 3712008 1

Delta
Inlet Air

SERVER

VEA

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



TRAINING TOOL

1035

Plant Operational Log

Plant Load Total kpph delivered ipph produced

High Pressure set

Boiler 3 Boiler 4

Overall

55 (required input)

]
[ |Heat Recovery Op. II["F arN

Blowdown Waste Temp ©

o : , Specific

Balance

Component

Customized simulation of the
specific power plant to learn how
to operate and optimize quickly
and without actual operation.



MODIFICATIONS

= COMPARE TWO (OR MORE)

MOD

FICATIONS

= DETERMINE EFFECT ON PLANT

OPERATIONS - WITHOUT ACTUAL

CHANGES
" CONDUCT FEASBILITY ANALY3SIS



Contact Data

VA:W

(Value Added Gy Werner)

raa®
s avuaaae

Alan Werner, P.E. Principal

o
-

aawerner(@comcast.net
(425) 988-3587

WWW.Virtenergy.com
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