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Energy and Discharge time Efficiency (%) Self-discharge Durability Capital Capital
power density (daily% of rated (number of cost cost
capacity) cycles) (S/kW h) (S/kW)

Whikg W/kg kW h/
m?

lead-acid batteries 20-50  25-300 50-80 Seconds-hours 70-90 0.05-0.3 200-2000 50-400 300-600
Ni-Cd batteries  30-75 50-300 60-150 Seconds-hours 60-80 0.2-06 1500-3000 400-2400 500-1500
NiMH batteries  60-80 200-250 100-150 Seconds-hours 65-70 1-2 1500-3000 400-2400 -
Li-ion batteries ~ 75-200 100-350 150-500 Seconds-hours 90-100 0.1-03 1000- 500-2500  1200-
10,000 4000
Li-poly batteries  100- 150-350 150-200 Seconds-hours 90-100 0.15 600-1500 900-1300 -
200
NaS batteries 120- 120-230 110-250 Seconds-hours 75-90 20 2000-3000 300-500 1000-
240 3000
ZEBRA batteries 100~ 150-200 120-180 Seconds-hours 85-90 15 >2500 100-200 150-300
120
Flywheel 5-100 1000~ 20-80 Milliseconds- 90-95 100 <10’ 1000-5000 250-350
5000 minutes
EDLC 25-15 500-5000 10-30 Milliseconds- 90-100 20-40 <10° 300-2000 100-300
minutes
SMES 05-5 500-2000 0.2-2.5 Milliseconds-seconds 95-100 10-15 >100,000 1000- 200-300

10,000
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Optimization of energy and investment costs in urban railway
considering energy storage systems and speed profiles

Abstract

Nowadays, the use of urban railway systems as the major transport system in big
cities, face challenges, one of the most important of which is high consumption of
electrical energy. Formerly introduced measures to reduce energy consumption which
have high energy saving, are usually associated with high costs. If the goal is just to
reduce the energy and economic benefits of the proposed solution are not considered, the
suggested strategy may not be economic, and thus not practical.

In this study, by using the optimal speed profile of the trains simultaneously with
super capacitor stationary energy storage systems (SESS), we have tried to reduce the
energy consumption of the entire network from an economic standpoint. For this purpose,
first a new method was introduced to obtain the optimum speed profile of a train between
two successive stations. The method has considered practical implementation as well as
accuracy. By introducing the optimization decision parameters, the algorithm and
optimization process was fully described. To assess the validity of the proposed method,
the obtained simulation results for trains in the studied system has been compared with
the results of the simulation done by manufacturing company. In this section for the first
time, the variable regenerative energy recovery rate (RERR) for each inter-station was
introduced as an effective parameter in speed profile optimization. By using energy-time
graphs for each inter-station (IS) and distributing total traveling time between inter-
stations, total energy consumption of the multi-train system has been reduced and the
impact of variable RERR in energy reduction was also shown. Then the supercapacitor
SESSs were presented as the second solution and the effect of the optimization of their
size and location on total energy saving in the whole system was shown. Finally,
validation of the proposed method was conducted, using the actual values of parameters
in the cost function and their applications in the studied system (Mashhad Urban Railway
Line 1). By performing the economic analysis, it was shown that the proposed method,
using a combination of SESSs and the optimal speed profiles, could be useful in reducing
the total cost of energy and investment.

Keywords: Urban railway system, stationary energy storage Ssystem, supercapacitors,
regenerative braking energy recovery rate, speed profile of train, optimization, non-
dominated sorting algorithm, energy and investment costs, energy savings.
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