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Description Measured Value 
in Substation

I-Smart Value
Measured Value in 

ESS Average
24 hours EMU operating 

Time

Average Power 
Consumption 
on Catenary

per day
(kWh)

CESS Off 9,560 9,590 9,096 N/A -

CESS On 7,866 7,941 7,481
1,665

(Average of 
Discharging Power 

per day)

-

Energy Saving per day (kWh) 1,694 1,649 1,615 1,665 1,656

Rate of Energy Saving (%) 17.72 17.20 17.76 17.42 (*) 17.52

Note) (*) : 1,665 kW / 9,560 x 100(%) = 17.42
1) Capacity of CESS : 32MJ(=1.6 MWx20sec) for DC1500V(DC1650V) Line
2) Charging Starting Voltage : DC 1,725V, Discharging Starting Voltage : DC 1,595V 

→ Passive Voltage Control Algorithm -> Advanced Line Voltage Tracking Algorithm
3) Train : 8-car formation

Description Measuring Instrument Measured Value in CESS Average

Average CESS Discharging 
Power to Catenary per day

(kWh)
CESS On 1,714 1,846 1,780

Note) 1) Charging Starting Voltage : DC 1,595V < DC1,650V, 
Discharging Starting Voltage : DC 1,540V < DC1,590V 



US

1. Achieved Average Energy Saving 1,780 kWh per day
2. Stabilization of Catenary Voltage from 1,300V ∼ 1,900V => 1,540V∼ 1,650V and gap of 

fluctuation from 600V => 110V
3. Economic analysis (Saving Cost will be up to the electricity rate. Below is based on Korean’s)

4. Miscellaneous Benefits
(1) Reduction of Loss of Electric Regenerative Braking
(2) Increasing of lifetime of Consumable Braking parts and Electric Equipment 
(3) Decreasing of Air Pollution in Tunnel and Passenger Stations
(4) Increasing of Precision stop under ATO operation

Benefits from ESS

B";"#722%=,/#H+:'1/./#– 9%(>'#K.+%N#9:+8$(+8 9>S/,:,.(+#

No. Item Formula Cost
1 Energy Saving Cost 1,780kWH x 0.108AUD/kWH X356 68,437 AUD/Y

2 Miscellaneous Actual reference of different 
quantity- Brake Shoe 4,065 AUD/Y

- Increased lifespan of Electric on-board
equipment

23,295 AUD/Y

3 Certified Emission Reduction 1,780kWH x0.424kg/kWH x 
0.028AUD/kg X356 

7,523 AUD/Y

4 Total 103,320 AUD / Y
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Existing Passive Voltage Control 
Algorithm(per day)

Advanced Active Voltage Control Algorithm(per day)

Date Energy Saving in 
CESS(kWh) Average(kWh)

1,295kWh

2013.10.24(Thu) 2,832

2,742
2013.10.25(Fri) 2,709

2013.10.26(Sat) 2,629

2013.10.27(Sun) 2,769

Status of ESS Status of Train Fluctuation of Catenary
Voltage(V) Gap of Fluctuation(V)

ESS Off
Powering 1410 – 1600

425
Braking 1645 – 1835

ESS On
Powering 1520 – 1620

200
Braking 1665 - 1750

Amount of Energy Saving in CESS 

Stabilization of Catenary Voltage

B"B"#722%=,/#H+:'1/./#– 9%(>'T%,0( K.+%#B#9%(FG( 9>S/,:,.(+#

Note) 1) Capacity of CESS : 35MJ(=1.75 MWx20sec) for DC1500V(DC1650V) Line
2) ALVT(Advanced Line Voltage Tracking) & ASCVT(Adapted SuperCap Voltage Tracking) Algorithm 

→ Applied above Active Voltage Control Algorithm into CESS to increase the amount of 
Charging/Discharging Energy

3) Train : 10-car formation



U:

1. Achieved Average Energy Saving of 2,742 kWh/day
2. Stabilization of Catenary Voltage as gap of fluctuation from 425V => 200V
3. Economic analysis (Saving Cost will be up to the electricity rate. Below is based on Korean’s)

4. Miscellaneous Benefits
(1) Reduction of Loss of Electric Regenerative Braking
(2) Increasing of lifetime of Consumable Braking parts and Electric equipment 
(3) Decreasing of Air Pollution in Tunnel and Passenger Stations
(4) Increasing of Precision stop under ATO operation

Benefits from ESS

B"B"#722%=,/#H+:'1/./#– 9%(>'T%,0( K.+%#B#9%(FG( 9>S/,:,.(+#

No. Item Formula Cost
1 Energy Saving Cost 2,742kWH x 0.108AUD/kWH X356 105,425 AUD/Y

2 Miscellaneous Actual reference of different 
quantity- Brake Shoe 7,900 AUD/Y

- Increased lifespan of Electric on-board
equipment

25,500 AUD/Y

3 Certified Emission Reduction 2,742kWH x0.424kg/kWH x 
0.028AUD/kg X356 

11,589 AUD/Y

4 Total 150,414 AUD / Y
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SI

Current Issues Analysis
• Substations Power Analysis
• Catenary Voltage 
Measurement and Analysis
• Seeking for Installation Place
Power Analysis→ Alternatives
• System Capacity Calculation
• Storage Device Selection 
and Feasibility Review

System Detail Design
• Considering Installation Place
• Optimum System Design 
- Maximize its effectiveness

System Effect Maximization

• Storage Device Optimum Control
• Quantitative and Qualitative 
Effect Analysis

System Expansion Application Plan

Issues Analysis 
& Alternatives

System 
Installation

Optimum System Proposes

• Operator Requirements Reflection
• System Cost Optimization

System Operation and monitoring

Operation 
& Expansion

• System Operation DATA Collection
• System Remote Management
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