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Section 10

Steam System Optimization - Cogeneration

Backpressure Turbine — PRV Operations
SSAT Turbine Projects Economics
Condensing Turbine Impacts
SSAT Condensing Turbine Projects

* Energy and Environment Section_10_1
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Industrial Cogeneration

Turbine 35%

/
Fuel T
Input _ .
Boiler 85% /\\ »
e

Industrial facilities can achieve “overall enerqy efficiency” of 70% or
higher, because they have a need for thermal enerqgy (heat).......
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Classic Cogeneration Analysis

v The classic cogeneration analysis answers the
following questions:
* What is the true economic impact of cogeneration?
* When is it viable?
= To operate or shut down
= To install
* What changes, if any, will be required on the steam system?

* What changes, if any, will be required for the electrical utility
system and grid interconnects?
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Primary Factors for Cogeneration Analysis

v  The primary factors impacting the analysis are:
* |Impact electrical cost
* Impact fuel cost
* Boiler efficiency
* Steam turbine efficiency
* Steam demand

Poverty Reduction through Productive Activities » Trade Capacity Building « Energy and Environment Section_10_4



=\
\4.’”]

Impact Costs

v Impact cost is the actual economic impact of
Increasing or decreasing electrical consumption

v The average cost of electricity is typically NOT the
appropriate analysis value

v" A thorough understanding of the electric rate
structure Is essential to evaluate the true impact of
power generation systems
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Example Turbine-PRV Evaluation

v' A process unit is equipped with 6 identical
pumps that are installed in parallel

* Only 3 of the 6 pumps are required to operate
continuously

= The remaining pumps are spare (backup) units

* Electric motors drive 4 of the pumps and steam
turbines drive 2 of the pumps

= 1 turbine-drive is being used at this time

v ldentify the economic incentive associated with
operating the second turbine

* Compared to operating an electric motor driven
pump and passing steam through a Pressure
reducing Valve (PRV) to satisfy the low pressure
demands

aaéaaa
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Boiler Number 1 Boiler Num_ber 2 Boiler Number 3
Coal Heavy Fuel Oil (HFO) Natural Gas Steam SyStem
1| 1
G | G | S
‘@ = ‘@ = 7/
A Blowdown | o SBlowdown ¢ Blowdown Purchased
oy [ -

Electricity

!

HP process
steam demand

Lo

<Illllllll

................................................................................. -
I | v
—— Site electrical
(B2 |:_—> demand
(5=
Vent —
A >

Makeup water
Process condensate

Discharg® to sewer

——
[ ]
—@ b Turbine condensate

+ Indicates a flow meter
installation
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Turbine-PRV Economics

Fuel: Natural gas ~ Steam: 25 bar(g), 375°C Purchased
($0.52/Nm3) Electricity:

P 0.14 $/kWh
e
_.___.__.___._______... i

Turbine isentropic
Steam: 2 bar(g) | efficiency: 35%

Boiler
Efficiency: 80%

>
Operating period: \

8,760 hr/yr

Steam flow through one
turbine is nominally 21 Tph
discharging at 2 bar

Saturated liquid condensate is
discharged from the load at 2 bar

Section_10_8
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PRV Operations

kJ

hsteam = 3,180.9 — P =25bars; T =375°C
kg
kJ
hpR\/out = 3,180.9 —— P =2bars; Isenthalpic; T =354.7°C
kg
kJ
hcondensate: 5622 v P =2 bars; Saturated Condensate; T = 133.7°C
kg

chermal = 14’300 kW

chermal — rnPRV X (hPRVout o hcondensate)

Meqy = 14,300 =5.45@=19.63Tph
(3180.9-562.2) s
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PRV Operations

Steam: 25 bars, 375°C

Fuel: Natural gas _ Purchased
($0.52/Nm?2) PRV steam flow: Electricity:
19.6 Tph 1.000 KW

(EF ..- $0.14/kWh

PRV steam discharge |
temperature: 355°C

>
(isenthalpic) \

Thermal demand:
2 bars LP steam
(14.3 MW)
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Backpressure Turbine Economics

v Most industrial systems require thermal energy
(not mass flow of steam)

v The turbine will extract energy from the steam
and convert it into shaft energy

* The steam will exit the turbine with a reduced
temperature

v The result will be an increased mass flow of
steam required to satisfy the thermal demand
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Steam Turbine Operations

=3,180.9 k_‘J P =25 bars; T = 375°C

h

steam
kg
kJ
hTurbineout: 3,0098 @ P=2bars; T=271°C
kJ
hcondensate: 562.2 — P =2 bars; Saturated Condensate; T = 133.7°C
kg

chermal = 14’300 kW

chermal — mturbine>< (hTurbineout_ hcondensate)

Mo, = 14,300 = 5.83@ =21.0Tph
(3,009.8-562.2) s
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Steam Turbine Operation

Steam: 28 bar(g), 375°C No Purchased

Fuel: Natural gas Electricity
($0.52/Nm3) Steam flow 1,000 kW of power

21 Tph /_. production

\ . . .
Steam Turbine isentropic

temperature | efficiency: 35%

271°C
>
\ Thermal demand:

2 bars: 14.3 MW

* Energy and Environment Section_10_13
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PRV - Backpressure Turbine Economics

v' Electrical Energy and Cost Savings
Energy Savings =1,000x 8,760 = 8,760 MWh
Energy Cost Savings =8,760x1,000x 0.14 = $1,226,400

v Fuel Energy and Cost Increase

Moy )Xl,OOO y (hsteam B hfeedwater) y 8,760

77b0i|er

(3180.9-463.5)

Energy Increase = (m

Turbine

Energy Increase = (21-19.6)x1,000 x 8,760 = 41,658 GJ

Energy Cost Increase = 41,658x1,0001000 x0.52 =$539,600

40,144

Poverty Reduction through Productive Activities » Trade Capacity Building « Energy and Environment Section_10_14
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PRV - Backpressure Turbine Economics

v" Net Economic Impact

Electric Power Cost Savings = $1,226,400
Fuel Cost Increase = $539,600
Net Economic Benefit = $686,800

v The primary factors impacting the analysis are:
* Impact electrical cost
* Impact fuel cost
* Boller efficiency
e Steam turbine efficiency
* Steam demand
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PRV - Backpressure Turbine Economics

v" Net Economic Impact

Electric Power Cost Savings = $1,226,400
Fuel Cost Increase = $539,600
Net Economic Benefit = $686,800

v This identical analysis can be and should be done with
SSAT Projects 7, 8 and 9 depending on which turbine is
being modeled in the analysis

* Systems approach versus Component-based approach
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SSAT Project 7 — HP-LP Steam Turbine

Project 7 - HP to LP Steam Turbine(s)
Efficiency : 35% Operation : Operates with fixed steam flow

| Do you wish to modify the HP to LP turbine operation? No v ‘

| If yes, select the appropriate turbine operating mode Option 2 - Fixed operation v ‘

Note: If Option 1 is chosen, the model will preferentially use the HP to LP turbine to balance the LP demand

| Specify a new isentropic efficiency (%) | 35 % |
Note: A generator electrical efficiency of 100% is assumed by the model
Note: Isentropic efficiency of existing turbine is 35%

| Option 2 - How do wish to define the fixed turbine operation? Specify fixed steam flow v ‘
Option 2 - Fixed steam flow 42 t/h
Option 2 - Fixed power generation 2000 kW
Option 2 - How do wish to define the operating range? Option 3 not selected v
Option 2 - Minimum steam flow 25 t/h
Option 2 - Maximum steam flow 75 t/h
Option 2 - Minimum power generation 1500 kW
Option 2 - Maximum power generation 2500 kW

Poverty Reduction through Productive Activities » Trade Capacity Building « Energy and Environment Section_10_17
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SSAT Project 8 — HP-MP Steam Turbine

Project 8 - HP to MP Steam Turbine(s)

Not installed
Do you wish to add an HP to MP turbine? No v
If yes, select the appropriate turbine operating mode Option 1 - Balances MP header v
Specify a new isentropic efficiency (%) | 70 %
Note: A generator electrical efficiency of 100% is assumed by the model
Cption 2 - How do wish to define the fixed turbine operation? Option 2 not selected v
Option 2 - Fixed steam flow 50 t/h
Option 2 - Fixed power generation 2000 kW
Option 2 - How do wish to define the operating range? Option 3 not selected v
Option 2 - Minimum steam flow 25 t/h
Option & - Maximum steam flow 75 t/h
Option 2 - Minimum power generation 1500 kW
Oplion 2 - Maximum power generation 2500 kW

Section_10_18
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SSAT Project 9 — MP-LP Steam Turbine

Project 8 - HP to MP Steam Turbine(s)

Not installed
Do you wish to add an HP to MP turbine? No v
If yes, select the appropriate turbine operating mode Option 1 - Balances MP header v
Specify a new isentropic efficiency (%) | 70 %
Note: A generator electrical efficiency of 100% is assumed by the model
Cption 2 - How do wish to define the fixed turbine operation? Option 2 not selected v
Option 2 - Fixed steam flow 50 t/h
Option 2 - Fixed power generation 2000 kW
Option 2 - How do wish to define the operating range? Option 3 not selected v
Option 2 - Minimum steam flow 25 t/h
Option & - Maximum steam flow 75 t/h
Option 2 - Minimum power generation 1500 kW
Oplion 2 - Maximum power generation 2500 kW

Section_10_19
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SSAT Analysis — HP-LP Steam Turbine

1 : CIHHTDSSIVIS L)
L_p C02 2215

S02 0

NOXx 43

; Blowdown
Natural Gas BaN 17.9th
140754 kW 150.1 t/h v
12622.3 Nm3/h 375C
eff = 82% 100% dry

HP

103.2 t/h

L SSAT - Shaft Power
1000 kw HP-Lp  [°98KW I (Generator Efficiency = 100%)

1

103.2 t/h MP Fla:
362 C 0.0

63.2 t/h Condensing
Section

0.1SE bara

63.2 t/h ! LP Flash L
355C -0.9 barg! 0.0t/h
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SSAT Project 7 — HP-LP Steam Turbine

)
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Project 7 - HP to LP Steam Turbine(s)
Efficiency : 35% Operation : Operates with fixed steam flow

| Do you wish to modify the HP to LP turbine operation? Yes, modify operation of existing turbine v ‘
- | If yes, select the appropriate turbine operating mode Option 2 - Fixed operation v ‘ <«
Note: If Option 1 is chosen, the model will preferentially use the HP to LP turbine to balance the LP demand
— | Specify a new isentropic efficiency (%) | 35 % | «
Note: A generator electrical efficiency of 100% is assumed by the model
Note: Isentropic efficiency of existing turbine is 35%
- | Option 2 - How do wish to define the fixed turbine operation? Specify fixed steam flow v ‘ <«
— | Option 2 - Fixed steam flow 42 t/h <«
Option 2 - Fixed power generation 2000 kW
Option 2 - How do wish to define the operating range? Option 3 not selected v
Option 2 - Minimum steam flow 25 t/h
Option 2 - Maximum steam flow 75 t/h
Option 2 - Minimum power generation 1500 kW
Option 2 - Maximum power generation 2500 kW

Poverty Reduction through Productive Activities » Trade Capacity Building « Energy and Environment
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SSAT Project 7 — HP-

_P Steam Turbine

: CINISSIOINS KID/Yy

Loy co2 22391
S02 0
NOXx 443

___Blowdown___
Natural Gas 18.0 t/h
142144 kW 151.6 t/h v
12746.9 Nm3/h 375C
eff = 82% 100% dry

HP

HP-cond |1000kW

83.7 t/h
362C

— 0

SSAT - Shaft Power
(Gen Efficiency = 100%)

HP-Lp 1996 kw

43.7 t/h Condensing
Section
_______ 0.0th _ X
O.ISE bara
43.7th i LP Flash
355C -0.9 barg! 0.0t/h

Poverty Reduction through Productive Activities » Trade Capacity Building « Energy and Environment
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SSAT Project 7 — HP-LP Steam Turbine

Results Summary

SSAT Default 3 Header Metric Model Moldowva Ex 8
Model Status : OK

Cost Summary ($ "000sfyr) Current Operation After Projects Reduction

Power Cost 6,132 4,911 1.221 19.9%
Fuel Cost a7.501 58,067 -566 -1.0%
Make-Up Water Cost 1.086 1.095 -10 -0.9%
Total Cost (in $ "000s/yr) 64,718 64,073 645 1.0%
On-Site Emissions Current Operation After Projects Reduction

CO2 Emissions 221739 thyr 223924 tiyr -2184 tfyr -1.0%
S0x Emissions 0 thyr 0 thyr 0 thyr M A
MNOx Emissions 439 thyr 443 thyr -4 tiyr -1.0%
Power Station Emissions Reduction After Projects Total Reduction

CO2 Emissions B213 thyr 4029 thyr -
SOx Emissions 19 thyr 19 tfyr -
MNOx Emissions 14 tiyr 10 thyr -
Mote - Calculates the impact of the change in site power import on emissions from an external power station. Total reduction wvalues are for site + power station
Utility Balance Current Operation After Projects Reduction

FPower Generation 2000 kW 2996 KW - -
Fower Import 5000 kKWW 4004 kW 996 kKWW 19.9%
Total Site Electrical Demand 7000 KWW T000 kKW - -
Boiler Duty 140763 kKW 142150 kKWW 1387 KW -1.0%
Fuel Type Matural Gas Matural Gas - -
Fuel Consumption 126231 Mm3/h 12747.5 Mm3/h -124 4 Mm3/h -1.0%
Boiler Steam Flow 1501 t/h 151.6 t/'h 1.5 t/h -1.0%
Fuel Cost (in $/MWh) 46.63 465.63 - -
FPower Cost (as 3/MWh) 140.00 140.00 - -
Make-Up Water Flow 73 m3/h 74 m3/h -1 m3/h -0.9%
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SSAT Project 7 — HP-LP Steam Turbine

v’ Differences between the “Manual” versus “Model”
calculated results can be significant when working
with cogeneration type projects

v The Model results are very accurate
* Uses a SYSTEM approach and not just a component
» Impact of condensate temperature

* Impact of blowdown, deaerator steam flow, make-up
water, etc.

* Completes a detailed mass, energy and economic
balance

v  ALWAYS use a SYSTEM based model for analysis

Poverty Reduction through Productive Activities » Trade Capacity Building « Energy and Environment Section_10_24
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Electrical Price Impact
v’ Electrical price is increased from 0.14 $/kWh to 0.15 $/kWh

Results Summary

SSAT Default 3 Header Metric Model Moldova Ex 8
Model Status : OK

Cost Summary ($ '000s/yr) Current Operation After Projects Reduction
Power Cost 6.670 £.261 1,309 19.9%
Fuel Cost 57,501 58,067 -566 -1.0%
Make-Up Water Cost 1.086 1.095 -10 -0.9%
Total Cost (in $ "000s/yr) 65,156 64,424 733 1.1%
Utility Balance Current Operation After Projects Reduction
Fower Generation 2000 KW 2996 kKW - -
Power Import 5000 KW 4004 kW 996 kW 19.9%
Total Site Electrical Demand 7000 KW 7000 kW - -
Boiler Duty 140763 kW 142150 kW 1387 kW -1.0%
Fuel Type Matural Gas Matural Gas - -
Fuel Consumption 12623.1 Nm3/h 127475 Nm3/h -124.4 Nm3/h -1.0%
Boiler Steam Flow 150.1 t/h 1516 t/h -1.5t/h -1.0%
Fuel Cost (in $/MWh) 46.63 46.63 -
Fower Cost (as 3/MWh) 120.00 120.00 -
Make-Up Water Flow 73 math 74 ma/h -1 m3/h -0.9%

Poverty Reduction through Productive Activities » Trade Capacity Building « Energy and Environment
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Fuel Price Impact
v Fuel price is increased from $0.52 to $1.2 per Nm?3 ($12.8 to 29.5 per GJ)

Re

sults Summary

SSAT Default 3 Header Metric Model Moldova Ex 8

Model Status : OK

Cost Summary ($ "000s/yr) Current Operation After Projects Reduction

Power Cost 5.132 4911 1,221 19.9%
Fuel Cost 132,694 134,001 -1,307 -1.0%
Make-Up Water Cost 1.086 1.095 =10 -0.9%
Total Cost (in $ "000s/yr) 139,912 140,007 95 0.1%
Utility Balance Current Operation After Projects Reduction

Power Generation 2000 kW 2996 KW - -
Power Import 5000 kWY 4004 KW 996 kKW 19.9%
Total Site Electrical Demand 7000 kW 7000 kW -

Boiler Duty 140763 kW 142150 kKW -1387 kW -1.0%
Fuel Type MNatural Gas Matural Gas - -
Fuel Consumption 12623.1 Nm3/h 127475 Nm3/h -124.4 Nm3/h -1.0%
Boiler Steam Flow 1501 t/h 151.6 t/h -1.5th -1.0%
Fuel Cost (in 3/MWh) 67 26 67.26 -
Power Cost (as 3/MWh) 140.00 140.00 -
Make-Up Water Flow 73 m3/h 74 m3/h -1 m3/h -0.9%

Poverty Reduction through Productive Activities » Trade Capacity Building « Energy and Environment
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Fuel Impact

v' Impact fuel is now coal at a price of $250 per tonne instead of Natural gas at $0.52
per Nm3; ($7.8 per GJ instead of $12.8 per GJ)

v Boiler efficiency for coal is 86.7% versus 81.7% for Natural gas
Results Summary

SSAT Default 3 Header Metric Model Moldova Ex 8
Model Status : OK

Cost Summary ($ "000s/yr) Current Operation After Projects Reduction
Power Cost 6.132 4 911 1,221 19.9%
Fuel Cost 32,793 33,116 -323 -1.0%
Make-Up Water Cost 1,086 1,095 -10 -0.9%
Total Cost (in $ "000s/yr) 40,011 39,122 889 2.2%
On-Site Emissions Current Operation After Projects Reduction
CO2 Emissions 360804 tiyr 364359 thyr -3554 tiyr -1.0%
S0x Emissions 2621 thyr 2647 thyr -26 thyr -1.0%
MNOx Emissions 1007 thyr 1017 thyr =10 thyr -1.0%
Power Station Emissions Reduction After Projects Total Reduction
CO2 Emissions 6213 tiyr 2659 tiyr -
S0x Emissions 19 thyr T thyr -
NOx Emissions 14 tiyr 4 thyr -

Mote - Calculates the impact of the change in site power import on emiszions from an external power station. Total reduction values are for site + power station
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Improved Turbine Efficiency

v' The isentropic turbine efficiency is now 65% instead of 35%

EITISSI0NS uy

- Co2 22201
so2 0
NOx 439

Boiler ... Blowdown____
1

Natural Gas 7.9th
140939 kW 150.3 t/h v
12638.9 Nm3/h 375C
eff = 82% 100% dry
HP, 3
Power produced
_______ 00uh / Is < 2,000 kW
103.4 t/h MP Flash
362 C 0.0t/h
MP,
63.4 t/h Condensing
Section
e 00th __
0.155bara
63.4t/h i LP Flash LP
355C -0.9 barg! 0.0t/h l
LP,

v Higher efficiency turbine extracts more power out of the steam thereby reducing
steam enthalpy at the exhaust

* Resulting in more steam to be generated by the boilers!
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Improved Turbine Efficiency

v' The isentropic turbine efficiency is now 65% instead of 35%

COo2 2260
SO2 0

NOXx 44¢
. Blowdown
Natural Gas B 18.1th
143518 kW 153.1 th v
12870.1 Nm3/h 375C
eff = 82% 100% dry
HP, | P d d
85.2 t’h 5.9th 42.0 t/h . p
0.0 th ] / is >3000 kW
HP - Cond 1000 kW HP - LP 3706 kW
85.2 t/h MP Flash
362C 0.0 t/h
MP,
45.2 t/h Condensing
Section|
S 0.0th __
0.155 bara
45.2 t/h E LP Flash U
355C -0.9 barg! 0.0t/h
LP,

v Higher efficiency turbine extracts more power out of the steam thereby reducing
steam enthalpy at the exhaust
* Resulting in more steam to be generated by the boilers!
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Improved Turbine Efficiency

v' The isentropic turbine efficiency is now 65% instead of 35%
Results Summary

SSAT Default 3 Header Metric Model Moldova Ex 8
Model Status : OK

Cost Summary ($ "000siyr) Current Operation After Projects Reduction

Power Cost 6,132 2.813 3.319 54 1%
Fuel Cost 57,501 59,040 -1,5639 -2.7%
Make-Up Water Cost 1.086 1.112 -26 -2 4%
Total Cost (in $ "000s/yr) 64,718 62,964 1,754 2.7%
On-Site Emissions Current Operation After Projects Reduction

CO2 Emissions 221739 thyr 227674 tiyr -5935 thyr -2.7%
SOx Emissions 0 thyr 0 tfyr 0 thyr MIA
NOx Emissions 439 tiyr 451 thyr -12 thyr -2.7%
Utility Balance Current Operation After Projects Reduction

Power Generation 2000 kW 4706 KW - -
Power Import 5000 KW 2293 KW 2707 KW 54.1%
Total Site Electrical Demand 7000 KW 7000 KW - -
Boiler Duty 140763 kKW 144531 kKW -3768 kKW -2 7%
Fuel Type Matural Gas Matural Gas - -
Fuel Consumption 12623.1 Nm3/h 12961 Nm3/h -337.9 Nm3/h -2.7%
Buoiler Steam Flow 150.1 th 1541 t/h -4.0t'h -2.7%
Fuel Cost {in 3/MWh) 46.63 46.63 -

Power Cost (as $/MWh) 140.00 140.00 -

Make-Up Water Flow 73 m3/h 756 m3/h -2 m3/h -2.4%

Poverty Reduction through Productive Activities » Trade Capacity Building «

Energy and Environment
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Turbine-PRV Examples Summary Information

v' These examples indicate the critical importance of impact
parameter accuracy

Power Fuel cost TL.Jr_bine Boiler Eff. Addl. Addl. C(_)st
Cost Efficiency SSAT Power Steam Savings

($/kWh) ($/GJI) (%0) (%0) (kW) (T/hr) ($/Yr)
0.14 12.8 35 81.7 996 1.5 645,000
0.15 12.8 35 81.7 996 1.5 733,000
0.14 29.5 35 81.7 996 1.5 -95,000
0.14 7.8 35 86.7 996 1.5 889,000
0.14 12.8 65 81.7 2707 4.0 1,754,000

v Itis VERY IMPORTANT to conduct this analysis for each

facility

* Each facility is unique and will need significant due diligence
before implementation of these projects

Poverty Reduction through Productive Activities »

Trade Capacity Building «

Energy and Environment
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B Power
B Natural gas

Annual Operating Cost ($)

PRYV Operation Turbine Operation

Poverty Reduction through Productive Activities »

Trade Capacity Building «

Net Savings ($$$9)

]y

Cost of steam turbine power generation
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Variables for Industrial Applications

v Constant steam flow

v High pressure supply steam

v Existing Pressure Reducing Valve (PRV)

v Multiple steam header system

v Simultaneous steam and electric (power) demand
v High run hours
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Key Points / Action Iltems

1. Backpressure turbines are used instead of
pressure letdown stations

2. Turbine efficiency is NOT 15t law efficiency
but a comparison of actual turbine versus
an ideal turbine

3. Continuous operations with a simultaneous
thermal and electric demand are good
candidates for backpressure turbines

4. Each facility analysis is unique and will
depend on several economic as well as
operating factors

5. Turbine analysis will need a solid
thermodynamic steam system model
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Condensing Steam

v Condensing turbine Turbines
discharge steam
pressure is less than
atmospheric pressure

* The steam must be
condensed to pump
It back into the boller

* Exiting steam quality
IS typically much
greater than 90%

Condensing Turbine

«—

Source: US DOE ITP Steam BestPractices Program
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Condensing Steam Turbines
27 Units

of Shatft

100 Units Of sty [><
Thermal Energy “

T

v The steam entering
the condenser 23 Units of
contains a huge Thermal

Energy
amount of fuel energy

Condensing Turbine

Source: US DOE ITP Steam BestPractices Program

Poverty Reduction through Productive Activities » Trade Capacity Building « Energy and Environment Section_10_36



v The primary factors influencing
condensing turbine operations are:

°* Purchased power cost
°* Purchased fuel cost

°* Turbine efficiency

* Boiler efficiency Condensing Turbine
° Turbine discharge pressure D
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Condensing Steam Turbines

result from:

v' Efficiency improvements can
result from

Blade deposits
Blade erosion
Seal wear
Wet steam
Throttling

Replaced blades
Improved seals
Turbine replacement
Increased load

Condensing Turbine

«—

Source: US DOE ITP Steam BestPractices Program
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Condensing Steam Turbines

v Condenser pressure
can be reduced
(improved) by

°* Removing non-

condensable gases from
condenser

* Cleaning the condenser

* Supplying the condenser
with reduced temperature

water

* Supplying the condenser
with additional cooling Condensing Turbine
water -

Source: US DOE ITP Steam BestPractices Program
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Boiler Number 1 Boiler Num_ber 2 Boiler Number 3
Coal Heavy Fuel Oil (HFO) Natural Gas Steam SyStem
1| 1
G | G | S
‘@ = ‘@ = 7/
A Blowdown | o SBlowdown ¢ Blowdown Purchased
oy [ -

Electricity

!

HP process
steam demand
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SSAT Project 10 — Condensing Steam Turbines

Project 10 - HP to Condensing Steam Turbine(s)
Efficiency : 65% Operation : Operates at fixed power generation

| Do you wish to modify the HP to condensing turbine operation? ‘ No, maintain current operation v ‘

| If yes, enter a new isentropic efficiency (%) | 70 % [ |
Note: A generator electrical efficiency of 100% is assumed by the model
Note: Isentropic efficiency of existing turbine is 65%

If yes, select the units to specify the condenser pressure bara v
New condenser pressure (bara) | 0.15
Note: Existing condenser pressure is 0.15 bara

If yes, select the new mode of operation Option 1 - Fixed power generation v
Option | - Fixed power generation 1000 kW
Option 2 - Fixed steam flow 25 t/h

v Implementing SSAT Project 10 will involve a major change
In steam demand
* Be very careful while evaluating this project
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SSAT Project 10 - Condensing Steam Turbines

v  SSAT allows

* The addition of a
condensing turbine

* Modification of major
aspects of an existing
turbine

= |sentropic efficiency
» Discharge pressure

= | oad
— Flow
— Power

* Elimination of the operation
of a turbine

Condensing Turbine

«—]
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SSAT Project 10 - Condensing Steam Turbines

Lo

Matural Gas
140763 kKW 1501 t'h
12623.1 Nm3/h 7s C
eff = 82% 100% dry
103.2 t'h 59th
____p;fl_zf_h___X |
HP - Cond 1000 kW
103.2 t'h MP Flazh
B2 C 0.0 t/h
3.2 t/h Condensing
Section
____9-_f:'_zf_h___X
0.15!bara
i
i
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SSAT Project 10 - Condensing Steam Turbines

Project 10 - HP to Condensing Steam Turbine(s)
Efficiency : 65% Operation : Operates at fixed power generation

| Do you wish to modify the HP to condensing turbine operation? Yes, switch off existing turbine v

| If yes, enter a new isentropic efficiency (%) | 70 %
Note: A generator electrical efficiency of 100% is assumed by the model
Note: Isentropic efficiency of existing turbine is 65%

If yes, select the units to specify the condenser pressure bara v
New condenser pressure (bara) | 0.15
Note: Existing condenser pressure is 0.15 bara

If yes, select the new mode of operation Not installed v
Option 1 - Fixed power generation 1000 kW
Option 2 - Fixed steam flow 25 t/h

v Impact of switching off the condensing turbine
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SSAT Project 10 - Condensing Steam Turbines

L, ‘

Matural Gas

138524 KW 147.7 t/h
12422 .3 Nm3/h s C
eff = 82% 100% dry
85.7 t/h 0.0 t'h Large Change

/ in steam demand
____y;qu_h___X

HP -Cond |7 KW

85.7 t/h MP Flazh
362 C 0.0th
457 t/h Condensing
Section
____y;qu_h___X
0.15ibara

457 t/h LP Flash
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SSAT Project 10 - Condensing Steam Turbines

Re

sults Summary

S3SAT Default 3 Header Metric Model Moldova Ex 8

Model Status : OK

Cost Summary ($ "000s/yr) Current Operation After Projects Reduction

Power Cost 6,132 4,039 2,093 34 1%
Fuel Cost 57.501 56,586 915 1.6%
Make-Up Water Cost 1.086 1.107 -21 -2 0%
Total Cost {in $ "000s/yr) 64,718 61,732 2,986 A4.6%

On-Site Emissions Current Operation After Projects Heduction

CO2 Emissions 221740 thyr 218212 thyr 3827 thyr 1.6%%
S0 Emissions 0 thyr 0 tfyr 0 thyr M/A

MO Emissions 439 thyr 432 thyr 7 thyr 1.6%

Power Station Emissions Reduction After Projects Total Reduction

CO2 Emissions 10645 thyr 14172 thyr -
S0x Emissions 33 thyr 33 thyr -
MNOx Emissions 24 thyr 31 thyr -

Mote - Calculates the impact of the change in site power import on emissions from

an external powwer station. Total reduction

walues are for site + power station

Utility Balance Current Operation After Projects Reduction

Power Generation 2000 kKW 3706 KWV - -
Power Import 5000 kKWW 3294 kW 1706 KW 34 1%
Total Site Electrical Demand 7000 kKW TO00 kKWW - -
Boiler Duty 140763 KW 138524 kKW 2239 KW 1.6%
Fuel Type Matural Gas Matural Gas - -
Fuel Consumption 126231 Mm3/h 124223 Nm3/h 200.8 Mm3/h 1.6%
Boiler Steam Flow 150.1 tfh 147.7 t/h 24 t/h 1.6%
Fuel Cost (in 3/MWWh) 46.63 45.63 - -
Power Cost {(as 3/MWh) 140.00 14000 - -
Make-Up Water Flow 73 m3‘h 74 m3/h -1 m3/h -2.0%
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Condensing Turbine Performance

4.0 111 /8 60
6.0 167 116 89
8.0 223 155 119
10.0 278 194 149
12.0 334 233 179
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Condensing Turbine Pressure Effect

v" It should be noted that a minimum pressure is generally
attained where maximum energy utilization efficiency Is
achieved

* In other words, there is generally a pressure threshold that further
reductions in discharge pressure result in reducing overall cost

effectiveness
* Velocity losses begin to be excessive
= This is very dependent on the turbine design
— Larger annular steam flow area reduces the loss
* Condensate is returned to the boiler at lower temperature
* Common design is for 1.5 inches of mercury absolute (0.74 psia)

condenser pressure
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Condensing Turbine Pressure Effect
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Key Points / Action Iltems

1. Condensing turbines are used strictly for
power generation or driving large
mechanical equipment

2. They serve niche applications in the
Industry

3. Condensing turbines provide maximum
shaft power per unit of steam flow

4. Each facility analysis is unique and will
depend on several economic as well as
operating factors

5. Turbine analysis will need a solid
thermodynamic steam system model
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Common BestPractices —Turbines

v Process and utility integration leads to overall energy
optimization of the plant

v Install backpressure turbines in parallel with pressure letdown
stations and minimize flow through letdown stations

v Evaluate backpressure turbine applications for direct
mechanical drives

v Evaluate condensing turbines and optimize their operations
to maintain design conditions

v Condensing turbines can serve as a system balance
mechanism especially, in industries which have significant
waste heat steam generation

Source: US DOE BestPractices Steam System Sourcebook
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