New Technology

Cogenercrtion Opercrions Issues
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I . Cogeneration Planning

P First step in cogeneration planning
is characterizing
steam and power requirements.
- Peak and average steam and power
demands.
* Reliability requirements

p Correctly sizing cogeneration plant
will maximize value by.

- Maximizing cogenerated energy
produced.

- Minimizing purchased power
requirements.

- Optimizing equipment redundancy
tomeet plant requirements.

Cogeneration planning:
Energy Reliability Requirements

p Goal:Maximize utilization of
cogenerated energy in plant and
capture economies of scale.

® Need to understand reliability
requirements.

+ Is 100% redundancy required?

- What is the minimum sustained
flow the plant can withstand?
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® Understanding process flexibility to
interruptions required to minimize
power purchases.

- Can facility shed load to respond to
turbine outage?

- May be less expensive to withstand
interruption than purchase high-
priced back up power.

Cogeneration Planning:
Back up Operations

p Diagram of steam system in backup
operation-discuss impact of steam and
power source loss and options.

PowerHouse:
Base Case Backup Operations
(One GT Down) v




Operating Flexibility of
Cogeneration Plants

® Gas Turbines can economically
perform at a wide range of load levels
between 65%~100% full load.

- Every 5% reduction load level
bellow 100% full load roughly equates
to a 1.5% increase in heat
rate(between 65~100%)

- Percentage reduction in power
output doesn’ t equate to same
reduction in steam output.

@ Steam Turbine generation can

swing significantly depending on
configurcation.

+ Back pressure turbine can operate
efficiently through a wide steam flow
range near full load.

+ Extraction/ condensing turbines
have significant generating flexibility.

- Ability to adjust volume of steam
extractions to balance steam loads and
absorb balance in condenser.

GT Part Load Performance
Chart

@ Points to discuss:

- Impact on heat of part load
performance.

- Power production decreases, but
steam production may increase.

Operating Flexibility of Gas
Turbine Cogen Plant

» Gas Turbines can be installed with
optional equipment that provide
increased operating flexibility.

@ Installation of a bypass stack allows
for the generation of power without
producing steam in the HRSG.

® Gas-fired Duct burmers can be
installed in the HRSG to significantly
increase the steam generating
capacify of the HRSG.

» Duct burners can increase the
capacity of a HRSG by as much as
100%

« Duct burners represent low capital
cost steam generating capacity.

* Duct fired steam is produced at an
efficiency higher than boiler-fired
steam.

Gas Turbine Performance
Degradation Profiles
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Gas Turbine Major Maintenance Schedule and Cost

I . Cogen Plant Performance
Capabilities

Cogeneration Plant Reliability
P Typical Plant Availabilities

® Gas Turbine based cogeneration
plants typically operate with availab-
ilities around 93%.

- Average unforced outage time is
2.5%5%.

+ Average forced outage time is
2%-3%.

@ Steam Turbine based cogeneration
plants typically operate with
availabili-
ties in excess of 97%.
- Average unforced outage time is 2%.
- Average forced outage time is 1%.
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Estimated STAG 107FA Combined Cycle plant
Part Load Performance

» Example:Gas-Fired Boilers:250
mlb/hr(base load)@900#, 900F

- Boiler taken out of service for
maintenance once every 2 years.

- Boiler turn around typically Jasts 10-
14 days
o + Boiler turn around typically costs
Am'b'bpfempp SRR $200k-5400k.
4 -Relative HUMIdity= 60
.
Water Quality Table
T T Tmtere— p Point to hit
-~ - Conductivity: probe to discard
] 10 20 30 40 50 60 70 8o 90 100 1Mo : Orgamc Carbon
Rev.1.2/2/93 Percent of Rating Point Power Output
Conclusions
II. Plant Operations and ® Boiler burning solid fuels(coal,
Maintenance wood, petroleum coke, etc.)require ® Optimizing Cogeneration config-
' more frequent and extensive mainte- uration involves detalled charact-
Boiler Maintenance nance than liquicl or gaseous fuel fired ~ erization of energy demand,usage,
boilers. and reliability requirements.
p Cost and schedule for boiler mainte- @ Poor condensate quality can @ Cogeneration facilities performance
nance is hightly dependent on two signifi cantly degrade steam is impacted by several factors
issues: production. including loading and degradation.
1. Fuel being bumed. + Boiler Blowdown management. ® Cogeneration facilities have excell-
2. Quality of process condensate. - Approprtate condensate treatment.  ent reliability and low maintenance

cost

Condensate Steam Water Analysis

10-25,000

1,ooo 850 40-450 ' 200 '

Nominal Flow(GPM)

Nominal Temperature(’ F) 250 160 175 130 55-90
Conductivity@25C (umhos) 105-145 90-100 65-80 80 390-440
“P” Alkalinity(ppm as Caco3) 96 )

‘M Alkalinity(ppm as CaCo3) 165 110-120
Total Sulfur(ppm as So4) 1.0-2.5 3.0 .55 {5 66
Chloride(ppm as Cl) 1.0-1.5 1.2 (.55 {5 23
Total Hardness(ppm as CaCo3) A15-.25 .65-1.0 10 (A 150-190
Calcium Hardncss(ppm as Ca) A15-25 .40-.75 .05 { .05

Magnncsium Hardness(ppm as Mg) (.15 30 .05 (.05

Total Copper(ppm as Cu) (.05 {.005 .005-.03 {.005 (.05
Total Iron(ppm as Fe) 15-30 0-.25 .005-.10 .022 41
Sodium(ppm as Na) 2.05.0 101 .003-.25 .089 19-27
Total Aluminum(ppm as Af) 1.23.0 3.0-4.0 {2 {a 51
Total Silica(ppm as Si0z) .05-10 .08-.10 (.05 (.05 37-61
Total Organic Carbon(ppm as Q) 40-60 15-20 25 29 2744
PH 10 10.2 i 10 9.4 7.8
Total Suspended Solids(ppm) : 100-250
Total Dissolved Solids(ppm) 260
Total Petroleum Hydrocarbons(ppm) (1.0
Filtered Ortho-Phosphate(ppm as Po4) 03
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