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To solve climate crisis, an energy transition is inevitable from 

fossil fuels to renewable and cleaner sources. Solar panels 

and wind turbines cannot be continuously available. Energy 

storage systems offer shifting excessive energy to temporarily 

replace renewables. For example, solar panels cannot produce 

energy at nights and required to shift daily production. 1-10 

Hours of energy must be stored to succeed shifting (IEEE Std 

2030.2-2015, 2015). 

A battery system can be designed. However, this kind of 

system should work for at least ten years. The design should 

also include safety, ease of use, potential hazard to 

environment, and durability in different climate and 

conditions. Lithium Ion batteries show good lifetime and 

energy density values together (Linden & Reddy, 2019). 

Considering Lithium Ion is not harmful than lead and 

cadmium-based systems, it is a great option to choose. The 

only problem may be related with increased capital costs, but 

lifetime improvements remove the necessity of repeating that 

spending in short periods of time.  

Li-Ion is a logical choice for operation. However, Li-Ions 

also have different variations. To find a suitable type, a data 

set collected from Samsung brand batteries. Each battery has 

the same dimensions and they all produced from the same 

factory. Table 1 gives capacity, power, cost and lifecycle 

values. However, Lifecycle over cost index is the most 

important one. If that value is high. It means that it is more 

profitable to use for long times. LiFePO4 wins a huge gap 

from that perspective. Additionally, LiFePO4 is safest option 

than any of the batteries listed below (Linden & Reddy, 

2019). Nickel and Cobalt metals are also valuable and LFP 

consist none of them. Consequently, the battery system is 

assembled by using LFP option. 

 

 

 

 

 

 

 

 

 

 

Table 1. Lithium Battery Comparisons taken from cylindrical 

products commeacially available. 

Cathode type LiNiMnCoO2 LiCoO2 LiFePO4 LiNiCoAl LiMn2O4 

Weight (g) 45 45 40 50 50 

Capacity (Ah) 2.5 2 1.1 3.2 3.2 

Nominal voltage 3.6 3.6 3.2 3.65 3.75 

Watt-hour 9 7.2 3.52 11.68 12 

Cost ($) / cell 2.5 2.36 2.19 2.55 2.29 

Cost ($) / Watt-hour 3.6 3.1 1.6 4.6 5.2 

Life cycle 1200 250 2000 1000 300 

Life cycle/cost 333.3 81.9 1244.3 65.5 57.3 

 

The design starts with packing a massive prismatic unit cell 

weight 5.3 kgs. The capacity is 272 Ah with a standard LFP 

voltage 3.2 volts. 5 of these cells connected serially in a rack 

creating 16 volts with the same capacity of 272 Ah. Then 9 of 

them are serially connected to create a module with 144 volts. 

This voltage level is still low. 6 serially connected modules 

solve it and create 864 volts. That 6 modules unification is 

called a cluster. Combining 9 cluster creates a power of 1MW 

with 2 MWh energy capacity. The battery costs reach 

170000$ with 16000 kgs mass. Additional equipment brings 

the cost 240000$.  
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