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Installation Comparison of Gas turbine and Diesel engine in Japan
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Gas turbine engine & generator set (external view, dimension,etc.)

GPS4000(M1T-23)

Engine weight: 7,700kg

(P/S weight 2,680kg 
incl’d)



An example of installation (500kVA)



An example of installation on the roof-top (1,250kVA)

GTG Wt: approx. 12.5ton



Gas turbine generator set dimension

Refer to the catalogue

Wt.: 13.45ton 
(GPS1250)

Wt.: 12.2 ton 
(GPS1250)



Typical Plot plan of GPS1250 (just for reference)



Advantages of Gas turbine

4)   Reliable starting

1)   No cooling water
- Free from water trouble(leakage, cooling, boiling, waste)
- No cooling system

2)   Low vibration
- The static vibration of gas turbine is 1/4 of that of diesel engine
- The dynamic weight of gas turbine is 110% or less of GTG weight

while it is about 50% for diesels.

3)   Low noise (85dBA)
- Gas turbine produced noise is at high frequency, which is 
easy to attenuate.

High starting reliability is achieved by;
- forced ignition for Gas turbine (Diesel engine by natural ignition)
- low trouble ratio of Gas turbine due to simple structure and less
auxiliary compared with diesel engine



Noise Reduction

Noise source

G TG
 Package

Exh.
Silencer

Noise direction

-

 

Noise reduction by the distance: ΔdB  = (15～20) * log10

 

L, L: Length from 
a noise source

-

 

Sound diffraction by a wall or a barrier

-

 

Noise reduction by direction

-

 

Noise reduction by acoustic absorption
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Advantages of Gas turbine (Continued)
5)   Compact and light weight

- Gas turbine: 1/4 in weight and 1/7 in volume of diesel engine

6)   Excellent generating electricity

7)   Easy operation

8)   Clean exhaust gas

9)   Low installation cost

- due to rotating movement, high quality same as grid

- less auxiliary like pre lubricating, water cooling system

- Gas turbine:   NOx 120ppm, SOx 100ppm, CO  15ppm, Carbon  Nil

- Diesel engine: NOx 700ppm, SOx 150ppm, CO 500ppm, Carbon 500mg

- Gas turbine: 1/4 in weight and 1/7 in volume of diesel engine



Advantages of Gas turbine (Continued)

10)  Low maintenance cost/Low fuel and lube oil consumption

11)  Easy inspection

12) Quick loading time

Inspection running
- Gas turbine:    once per month (5min. per time)
- Diesel engine:  once per two weeks (20min. per time)

Maintenance interval

- Overhaul at 1000EOH (Equivalent Operation Hour)
*EOH: one starting is equivalent to one hour running

e.g.  20times starting/year + 10hours operation/year = 30EOH
1000EOH / 30EOH = more than 30years until overhaul

- Starting time: within 40seconds at full load
- Instantaneous load:  100% (Diesel engine: 65-75%)



Advantages of Gas turbine (Continued)

13) Possible to start larger motor

14)  Operates on a variety of fuels

- Due to reduction of high speed at 53,000-22,000rpm to 1,500rpm,
Gas turbine create large inertia moment to absorb an inrush current
at motor starting

- Available kerosene, diesel oil, high-grade heavy oil, 
natural gas, LPG, etc. 

- Available dual fuel system (liquid fuel and gaseous fuel)



Comparison of Gas turbine and Diesel engine
Gas turbine -

 

Diesel comparison (summary)

Condition:
Capacity Approx. 4,000kVA
Fuel Liquid fuel (Diesel oil)
Gas turbine Single shaft industrial gas turbine
Diesel Industrial general purpose diesel

Item Type Gas turbine Diesel GT DE
Transient speed fluctuation ±4% (100% load on) ±10%(75% load on) ○

Recovery 2sec. Recovery 10sec.
Steady state speed flucuation ±0.3% ±5% ○
Waveform distortion 3% or better 10% ○
Transient overload capavility Large due to large inertia moment Small ○
Principle of operation Continuous combustion Intermittent combustion

Rotaing

 

movement Reciprocating move.
Dimension Compact Large ○
Weight 3 tons 9～10 tons ○
Cost High Low ○
Starting time Approx. 35-40sec. Approx. 20sec. ○
Starting reliability Over 99% Around 95% ○
Noise level 85dB(A) at 1m 105～115dB(A) ○
Vibration level 10～15μm 50～60μm ○
Dynamic weight Less than 1.1×static weight More than 1.5×static weight ○
Emmision(Diesel

 

oil) NOx=85ppm(O 2:16%) NOx=700ppm(O 2:13%) ○
SOx=100ppm SOx=100～150ppm
CO =15ppm CO =500ppm

Carbon=negligible Carbon=500mg/m
3

Warming-up time Not necessary Required ○
Fuel consumption 1.5～1.8×Diesel Less than GT ○
Lube oil consumption Less than Diesel 35～40×GT ○
Cooling water Not necessary 4 tons/hr for cooling tower type○

120 ton/hr for drain type
Genset

 

price High Low ○
Foundation,genset

 

room,cooling water system etc. Low High ○
Fuel tank, Air system High Low ○C
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Equivalent Operating Hours (E.O.H) for 
Emergency & Stand-by use

TE = TR + S (hrs) < 1,000

TE: E.O.H.

TR: Actual running hours

S:  Number of starts

Condition:
Capacity Approx. 4,000kVA
Fuel Liquid fuel (Diesel oil)
Gas turbine Single shaft industrial gas turbine
Diesel Industrial general purpose diesel

Annual Operatin

 

Hours for Maintenance
Maintenance item Gas Turbine Diesel
Once per 2-week for maintenance Not required 0 20 minutes at no load 8hr 40min.
Once per 1-month for maintenance 5 minutes at no load1hr - -
Every 6-month for functional maintenance30 minutes at no load30min. 30 minutes on rated load30min.
Every 1-year for total maintenance 1 hour on rated load1hr 1hr on rated load 1hr
Annual operatin

 

hours At no load 1hr 30min. At no load on rated load8hr 40min.
On rated load 1hr On rated load 1hr 30min.
Total 2hr 30min Total 10hr 10min.

Note: Maintenance schedule of Diesel is based on the maintenance

 

recommendations by the Government.

Comparison of Gas turbine and Diesel engine (Continued)



Annual Fuel Oil/Lube Oil/Cooling Water consumption for Maintenance

Maintenance item Gas Turbine Diesel
Fuel type Diesel oil / Kerosene Diesel oil
Fuel consumption ①

 

At no load 820 liter/h①

 

At no load 450 liter/h
②

 

On rated load 1370 liter/h②

 

On rated load 930 liter/h
Annual consumption ①

 

820 l/h×1hr 30m=1230 liter ①

 

450 l/h×8hr 40m= 3900 liter
②

 

1370 l/h×1hr= 1370 liter ②

 

930 l/h×1hr 30m= 1395 liter
Total 2600 liter Total 5295 liter

Lube oil type Synthetic Mineral
Lube oil consumption 0.08 liter/hr Approx. 6.5 

liter/hrAnnual consumption 0.08 l/h×2hrs 30m=0.2 liter 6.5 l/h×10hrs 10m= 66 liter
Cooling water Not required 120 tons/hr for drain type

4 tons/hr for cooling tower type
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Comparison of Gas turbine and Diesel engine (Continued)

・

 

Lube oil consumption of Gas turbine
0.05 ltr/hr - 0.16 ltr/hr (Kawasaki GP series GT)

Oil type: Synthetic oil (ASTO500, ASTO750, Mobile JET II, 

Castrol 5000, Exxon ETO2380 etc.)



Typical timing chart of operation (Stand-by, Liquid fuel)

less than 40 sec. Load run

2 sec.
Confirm.
time: 60sec.

250 sec. ***

30 sec.

10hr *

No load run
300 sec. ***
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Grid power supply Grid power recover

Note: * Equipped with GPS1250 or larger mode
** 70% rpm for GPS500 or smaller mode
*** 60 sec. for GPS500 or smaller mod

Turning motor

Starter motor

Ignitor

 

plug
By-pass fuel valve

Primary fuel valve

100%rpm

95%rpm

55%rpm

22%rpm

5%rpm

Rated voltage

95% voltage

Main fuel valve



Voltage wave form



Typical control system block diagram
Start
button

Stop
button

Em ergency
stop

Em ergency
stop

Speed
setter

Failure
reset

C hangeover
sw itch

M ain C .B. Exciter
Protection

relay

G T
rotation

Bell stop

Prim ary
fuel valve

M ain fuel
valve

Bypass
fuel valve

G ov.
actuator

G B
rotation

Exciter Igniter plug
Starter
m otor

Turbine
inlet tem p.

Starter

Substrac-
tor

C ontrol
power

battery

C om p.
inlet tem p.

O il tem p.
m eter

C harger

L.O . press.
sw itch

Failure
alarm

Rotation
m eter

Alarm
O il tem p.
sensor

Power
souce

Rotation
m eter

EG T m eter

EG T m eter Volt m eter

C urrent
m eter

Frequency
m eter

  

                 Engine C ontrol B ox

DC24V

from  G enerator panel

Rem ote m onotor

Battery panel

Rem ote m onitor

Local control lum p
A ut
C ont. pow er on lum p
Filure lum p
Start
O ver speed
EGT h
Low  oil press.
O ver current



Start / Stop sequence diagram

C hange M anual
Start
button

Start
com m and

Tim er n=5%
Start
signal

n=22% n=55% n=95% Excitation

over n:rpm

switch Auto
Stop
button

Voltage
establish

Power
outage

AND AND AND
C .B. on
button

C ontrol O n
C .B. off
button

Starting
fuel valve

starter
bypass

fuel valve
Ignitor

M ain fuel
valve

power O ff C .B.:C ircuit Breaker

Power
recovery

Stop
com m and

Tim er
No load
run

Stop Stand-by M ain C .B.

Stop
Em ergency

stop

Protec
t-ion

Alarm  bell
stop

Alarm  bell
Start
failure

O ver
speed

Exh. gas
tem p. high

Low oil
press.

O ver
current

O ver
voltage

Under
voltage

device
Failure
reset

Fuel valve
close



Single line diagram (typical)

51G , O .C .RY

84G /27G 1
V.RY

27G 2
U.V.RY

59G
O .V.RY

W H W h Hz

V

A

AS

VSF

C .T.T

P.T.TF PT

to LO AD

C T

52G
VC B

F

ZPC

64G

C osφ

91R

31
90
AVR INITIAL EXITATIO N

DC 24V

EX.Tr

EX

Rf

SG

G T

27G1,G2:Under Voltage Relay
31     :C ontactor
51G    :O ver C urrent Relay
52G    :Vacuum  C ircuit Breaker
59G    :O ver Voltage Relay
64G    :G round O ver V. Relay
84G    :Voltage Relay
90     :Auto Voltage Regulator
91R    :Voltage Regulator

CT :C urrent Transform er
PT :Potencial Transform er
ZPC:Zero Potencial C ondensor
Rf :Rectifier
SG :Synchronous G enerator
GT :G as Turbine



Typical protection system

EGT: Exhaust gas temp.

G PS250 G PS500
G PS625

～
G PS4500

O ver spped ○ ○ ○
EG T high HH ○ ○ ○
Lube oil press. low ○ ○ ○
Lube oil tem p. high － ○ ○
Start failure ○ ○ ○
Em ergency stop ○ ○ ○
O ver voltage ○ ○ ○
Under voltage ○ ○ ○
O ver current ○ ○ ○
Low engine speed ○ ○ ○
Reverce power ○ ○ ○
EG T high H ○ ○ ○
Sensor failure ○ ○ ○
Ground fault ○ ○ ○
Battery liq. level low ○ ○ ○
Fuel tank level high △ △ △
Fuel tank level low ○ ○ ○
Aux. device failure ○ ○ ○
Fail to synchronize ○ ○ ○
△ : option
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END OF PRESENTATION
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