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Northwest Power and
Conservation Councill

Established by federal legislation to
provide regional guidance on energy
Issues.

— Council members are appointed by
the governors of the four
Northwest states: Oregon,
Washington, Idaho, and Montana.

Reviews regional power plan at least
every five years.

Recommends funding for fish and
wildlife programs to mitigate effects of
hydro power development.

Encourages broad public participation
in regional energy issues.
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Background

m US coal plants have historically

operated as “base load” units--
maintaining essentially constant
generation levels through time
except for planned maintenance and
outage events.

Most power system computer
models contained coal plant
operating characteristics that had
not been carefully examined for a
long time.

m With increasing levels of renewable

energy, the extent to which coal
plants could operate dynamically to
balance the system became an
Important consideration.
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Historical Coal Plant Operation

AR s AT A

N Operated at or near full output to the extent possible.
S ] REBIZ AT AR 77 B ) BARAS
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Moving to New Dispatch Order
BT 1 R )

m Gas plants have lower emissions, though fuel costs tend to be higher.
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Coal and Wind
R FEL 5 XU
m Much of load and wind variability is currently accommodated by

natural gas plants (and hydro in Northwest).

HAET, HRRSH] (RIPIEERI KD RSP K43 F 5 ey v
SR H T B

m Key questions arise regarding ability of existing system
components to contribute to accommodating wind variability

AEAE 1 % 10 B S BT 2R 0 T A I S L 0077 T M A

m Can coal plants contribute?
WRIE L) Refe it — e 5 By 2
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Important Operability Characteristics

B E s AT

= Minimum generating capability ™ s/ N L T e
(% of nameplate MW) (G E R H 7 E)

= Maximum rate of output m BORMH )%
increase (%/minute) (%! 77 %)

= Maximum rate of output m 5K TR
decrease (%/minute) (%l 53-%)

= Minimum down time (hours) m B R AEHLINE] (2N )

= Minimum up time (hours) m S5 kG AL ] (VN )
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Coal Power Report

Ll

m Developed a paper summarizing m KA T PR, B
publicly available studies on ability gEt % MR
of coal plants to operate more H RIEHIENASBAT 8 1K
dynamically: KK N FRMERIRSY

Summary Report on Coal Plant Dynamic . e
Performance Capability AR BB BHRE

Key guestion: Can existing coal m OCEE R, TN R

plants change from base load Y L A4 LR AT

operation to providing balancing g B ST 452

services? R N
Need t haracteristics f — FEBHAT KB R L AR ST
— INeed 10 assume characteristics 1or 2 ot R St M A — R

studies of large scale wind integration.
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China Shows the Way  F1[EH+I5H T J7 1]

m Coal power plants can be g w7 ) sHABENL 4L 222

specifically designed for FTEE AT E T
dynamic operation.

— Four 680 MW Castle Peak — FWTEB 44 680MWHL
B units in Hong Kong g EAE IR B FiE
have operated in a “two- 7720824, Hua&pdE
shift” mode for more than =
twenty years with high
reliability. " e
= What about older units ol ‘X?Lﬁﬁ TeEshas 'uul-”
that were not designed for I IHWLATR BT e ?

dynamic operation?
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Basic Challenge: SR
Creep and Fatigue I AR AR 57

m Creep is the deformation of power  w IEAS E3SH | &30 4F 5
plant components due to temperature R RS A AR T .
and pressure. — AT RS AT

— Base load power plants unavoidably TE Gt i AR IR AR
expose components to creep.

Fatigue is the material response m R T M PR

resulting from repeated applications 3 ¥E I (FE S RS 28 ) J
of stress (pressure and temperature). RSV e
- FEBITE «Erﬁwiijtﬁﬁ*

— Dynamic operation introduces ey
additional fatigue on system A STAEE
components.
Components may fail from either iﬁ#ﬂﬁ%%}ﬁ%@@i%‘ﬁ
creep or fatigue, but the combination ~ FFIMHA, TXP& 3L
of exposure to both significantly Rl FH < s T A R o

accelerates component failure. B
Council




Limiting Creep "
and Fatigue o s A2 R 95 57

m The most direct way to limit REATR DRI EE A2 98 55 1 3
failures due to creep and BRI I B EAE T
fatigue is to operate power L IRSTIEAT
plants conservatively.

— Minimize starts and stops. _ BT ENLRE.
— Limit ramp rates. P e S

— Operate at constant S e A et g s
telronperatures and pressures - T§E§EH%E@E43E&
A : v 2250 F A AE |
well within design parameters EE7S P

to the extent possible.
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Coal Plant Design Specifications

PARER ] BTt RTE
m US coal plants & & B8R GEHL

Design Ramp Rates

Plant Design

Sub-Critical Power-Gen World Wide™ From 50% to 100% Capacity
Super-Critical Babcock Power Typical from 50-90% Capacity

Super-Critical Power-Gen World Wide" 7-8% per minute From 50% to 100% Capacity
Super-Critical | IMTE AG Power Consulting™ | 7-8% per minute _
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Coal Plant Operation
RAREFL) HIsAT
m Operators tend to keep well within specifications.
AR R SE I ST I K

1982 EPRI Survey Results

Capacity (MW) “ Avg. Ramp Rate (% / Max Ramp Rate (% /
min min)

180 Sub-Critical
Sub-Critical 20 | 031

780 Super-Critical
| %00 |  SuperCitical | 10 | = 20 |
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Keys to Dynamic Operation
BNASIBAT B < B

m Implement design and operation changes that minimize
changes in temperature and pressure on important
components over changes in output levels.
BRI AT AR, AT B 22 o e 52 B il 2 AR AL
ME A B ME,  TaEH 717K B ME

Feasible design changes are limited by high costs of replacing
or changing major components (e.g., boilers)

BT EZEAE sl KB ESOE AR, AT IR
THuE TFBARA R .

Common to these efforts are expanded control and
instrumentation.

S5O 5 2029 REPEHRIA AR E - —
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Basic Coal Plant Design
S EVIN B N

m Older coal plants tend to be sub-critical drum boiler
designs and run in“constant pressure operation” mode.
2R3 HOR R ML SV AR, O LA

“CH AT R T Is1T,

Regeneration Rankine Cycle with Closed FWH
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Constant Pressure W RIEAT
Operation (CPO) (CPO)

m CPO is standard operation for = CPOJ&IAFE AT AR
baseload operation. 1247753,

— Throttling valve between boiler — A R L L TR
and high pressure turbine inlet 1S it I A 5 L

maintains constant pressure. ‘
» B P AR s RN R AR G
» Pressures and temperatures are E%

higher on the boiler side.

— Changes in output can be — A LI kR IR
achieved by opening or closing P G P
the throttling valve.
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Disadvantages AR Z Ak

m Opening the throttling valve = ¥ 35 iR IR<S &R

Increases temperature and BV A VRN
pressure to the turbine blades.

— Contributes to fatigue _ By

— Reduces pressure in boiler = ] b AR
requiring disproportional ANA BEBACER L T,
increase in fuel feed and B2 BB R K,

reducing efficiency.
— Throttling valves not normally - TR AN SEIEAT
designed for dynamic operation M, =580
PERIHRIR o

and begin to fail more often.
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Variable Pressure
Operation (VPO)

Leaves throttling valve open.

— Minimizes temperature and pressure
differences between turbine and
boiler.

Controls output by adjusting

A K147 (VPO)

= FTHFR IR
— AR HURTEAY 5L BE 2 A )
FESFRIN

m I RO R e T A OR A

firing rate.
— Introduces control complexity.

Allows more dynamic operation
while minimizing wear on
turbines.

Hybrid Operation leaves
throttling valve nearly open, but
adjustable over a narrow range.

tH7)

- BT I
» SRVFENBNARIIEAT,

IR HLI BB R o

[A] B Ok

m REIBITER TR LT T,
HREVSAR /N VG Bl N ZEA T IR 5
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Pre-Heater Bypass Control
TS 55 R A5

Steam at the low pressure ends of the
turbines is normally routed through
the feed-water heat exchanger to pre-
heat water entering the boiler to boost
efficiency.
VREC MR s i F) 280l 0 45 7K e Rhois it
FITEE, FHEAR DR SRR
Turbine output can be increased by
limiting or eliminating flow to the
feed-water heater.
T 1o BR ) B 5 1| e 2 7K I RS BE VR AT
PASR e LR i

— Reduces overall efficiency of

generation but increases output

without increasing pressure or
temperature at the turbine.

FEAR T R AL EE AR R, {HETE
WA G INREEAILE 7 FIUELRE () 15 0
TRETE .

Controls over minutes versus seconds
for throttling, hence the merit of
hybrid operation

SR RRR T E R IR
R o

Regeneration Rankine Cycle with Closed FWH
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Other Strategies

s

H

N,

At TR

m Steam output can be increased by positioning the boiler
fireball lower over the evaporator.
KBl K BRE T HL 8 A 4 BEAR IO AL B AT BLSR i 28 Ui
— Reduces efficiency, not all power plants have tilting burners.
BRAR T R0, FRAEFTA MR B #BA AL 38

m Adjust grinding mill pressure.

VA RE BN )

— The coal mill itself represents storage capability that can be
accessed by raising or lowering mill pressure.

M S T A PR IR B s g T LAASE B AR ) B SRR A RERE )
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Need for Control and PR RN F sk
Instrumentation

m These strategies need to act together m HTHREABMER, X
for optimal results. L SRS T U RIEH

Proper instrumentation and m THESIERGEN AP
automated controls (in some cases PIERICL LSO T 2
manual controls) are needed to FAFEHRR AL
optimize dynamic response while ”EW ? Iﬁ'ﬁjmg—gtp
minimizing temperature and pressure Yﬁggﬁgﬁ ZENEE)
transients during operation. ’
— Likely requirgs sgme experimentation i
- ow BAEMIELE, B

In at least one case, more and better L . EITEEIRGE
C&l increased ramp rate three-fold Bl 1 34 1) e Ak 3%

while actually improving heat rate A I s EE R L I
and reducing emissions. i e
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Effects on Heat Rate

Rl

m Dynamic operation

tends to increase heat THROTTUNG CONTROL
rate (less efficient). CONSTANT PRESSURE === VALVE LOOP

ENAIBAT T Y I HAE
(PR

THROTTLING CONTROL
VARIABLE PRESSURE

HYBRID CONTROL
VARIABLE PRESSURE

GOVERNING CONTROL
CONSTANT PRESSURE

More complex control
schemes can be
optimized to reduce
the effect.

T I B B 2 p 4 il
TR EMA S, AT
DAY NI T AN 500 6 THROTTLE ALOW

Source: Power plant engineering, Drbal, Boston, Westra, Black & Veatch 1995

CYCLE HEAT RATE, Bru/xWh
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Minimum Generation
w2 B KA

m Defined as the lowest level of m e XN AN E R
safe and reliable plant 275K I IR BRI
operation without need for o Pl BJ:‘
supplemental firing. 2 AISEIEAT KR

— Typically 35-40% of nameplate A 5 e By :

cgppabilitil/. 0 P — B A F35%-40%

Especially important parameter BB T 1 /INMA TR I B
in accommodating high levels WS R Tt AA
of wind generation during light E S

load hours. -

Operation at low levels fICH 13247 IR I 2 FAFE
characterized by high heat rates, RE L hREHZE. Hom
poor power control, poor Pt o=
emission control performance.
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Reducing Minimum Generation Levels

AR K F AT

m Combinations of adjustments to unit master control, feed-
water and boiler control, and turbine retrofits can reduce
minimum generation levels.

KA EIER] L 4R R b i LA e pleiadE 4 &
A LRGSR R UK

Example Improvements in Minimum Load Retrofits

Load
o

v
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Minimum Run and Down Time
15 5 T AL 8]

Coal plants typically take 12 hours to cold start (< 200C), 4
hours to warm start (>200C), and 1 hour to hot start
(>4000).

PRBEER )V J8 Bhil 75 2212/ iF(<200C), 158 3 4/ N it
(>200C), #JashiE 1/ (>400C).

Turbine bypass systems allow steam to circulate around
and through the turbines to maintain temperatures without
loading the turbine.

FEAHBER PG O T, LSS B8 R S AV RTE R ILA
PEIR LLORFFIRLEE
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Dynamic Operation Raises Failure

Rates and Costs
BIASIZATHE N T W R 50 Rl A

m Although dynamic operation introduces m BRIFEIZITA R T
additional stresses on power plant kT EAMAE S, (EELLS
components, cost effective means exist to kMMt E R T, i

limit these effects through more Eﬁ}*ﬁg]&jﬁ%n{x%ﬁjﬁ;{ggg{%
sophisticated control and instrumentation XEeEm, 3R DLE R E

=

techniques, augmented by selected 3 She 4 B X ok 55 AL A B
retrofits. ” e e
There is no one answer for all power = WA S R

plants. — FERIEFIE) SIS
— There is only one way to improve the I ER B —1 Y B T2
dynamic performance of fossil fired power WIE T T AF.. X4
plants: Hard work carried out by control B, LS AN
engineers... it is my experience that each PO 1 LT T R 0)

power plant is acting different... g g =
(European power plant engineer AR AT S 157)

responding to our inquiries) Northwiest
Eonservation
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Coal Plants Can Contribute to
System Balancing

MR NS 2 5 RSP

m There will be costs. m SRR A
— Power plant C&I and — HJ IR B A DL AE
appropriate retrofits. =l
— H|gher O&M costs. - gﬁ%ﬁ@@’?ﬁ‘éﬁyh%ﬁﬁ
— Higher outage rates. - %%Eﬁéﬁzl%%
— Higher heat rates. SO R

m As the importance of emissions m HTHRERNEENYHZD
continues to increase, planners hn, R A TR
and engineers must seriously WA\ BT
consider the tradeoffs.
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Thank You!
!

m Please feel free to contact me with questions.

A R, WP SRR R
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