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Abstract - This project aims to develop a fully solar powered tram service to replace the existing electrical tram system for 
route 86 (RMIT Bundoora to Waterfront City Docklands). As a result, the following objectives and goals are to be met:  
-The solar power system must supply an adequate amount of electrical power to operate tram route 86 for the entire duration 
of the service, seven days a week.    
-The solar power system must aim to produce zero emissions of greenhouse gases, as well as other harmful pollutants.    
-Costing of the project must be minimised to ensure travel fares are kept at the lowest possible price.    
The completion of this project will allow for the trams in route 86 to be powered by an independent electrical system, therefore 
cutting the long-term running costs required to operate these tram services. 
 
 
I. INTRODUCTION AMAZING  
 
This project outlines the key plans in regards to the 
implementation and conversion towards solar power 
for the trams on route 86 from the traditional electrical 
power. This conversion of power source not only aims 
to reduce the emissions of greenhouse gases, but it will 
also minimize the long turn running costs, resulting in 
an increase in revenue for Public Transport Victoria 
and Yarra Trams. A requirement of 14.87MW of 
power output was required to operate the trams. To 
ensure the lowest costing for this project is 
maintained, the 260W Jinko Solar Panels 
(JKMS260P) had been selected for this application 
due to its price. A thorough cost analysis had therefore 
determined that 34.2% of the required 15MW power 
to operate the trams was to be generated from Solar 
Roadways Panels, 8.73% power generated from the 
rooftops of the tram depots and 58.26% of power 
generated from the solar farm.  
 
II. OVERVIEW: DESIGN REQUIREMENTS 
 
Customer requirements,  

 Tram line must be completely solar powered  
 Reliability must be ensured    
 Solar power system must be of low cost.    
 Excellent efficiency of energy must be 

maintained    
 
Technical requirements, 

 Percentage of solar power input must be 
maximised.  

 Delay time of project must be minimised.    
 Delay time of tram operations must be 

minimised   Production costs for the solar 
power system must be  minimised   

 Energy wastage must be minimised.    
 Electrical storage capacity must be maximised.  

 
 
MATH: 
Determination of Tram Power Usage, 
Following data was taken into consideration to 
achieve an approximation.  

 Power usage of tram: 12MJ per vehicle 
kilometer 

 Approximate distance of route 86 (in one 
direction):     21.8047km    

 Time taken for a tram to complete one 
direction: 1 hour 17 minutes (1.28 hours)    

ܲ ݈ܽݎ݁݊݁ܩ ݂ ݉ܽݎݐ ݂ ݁݃ܽݏݑ ݎ݁ݓ  × 12 = ݕܽݓ ݁݊ ݎ
  hܹ݇ 72.682 = ܬܯ 261.656 = 21.8047  ݎ݁ݓܲ
 = 72.68/1.28 = ݕܽݓ ݁݊ ݎ݂ ݉ܽݎݐ ݁݊ ݂ ݁݃ܽݏݑ
.ૠૡ     
 

 
From this data, the following had been determined.  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 Frequency of trams from Waterfront City  
Docklands to Bundoora RMIT: 133 times  
-Frequency of trams from Bundoora RMIT to 
Waterfront City Docklands: 129 times    

Therefore, the approximate power required to operate 
the entire tram route for an entire day can be 
determined.    
 = 262 × 56.783 = ݕܽ݀ ݁ݎ݅ݐ݊݁ ݎ݂ ݀݁ݎ݅ݑݍ݁ݎ ݎ݁ݓܲ
14877.1 ܹ݇    
To ensure that losses are accounted for, a power 
requirement of 15MW had been taken into 
consideration. Any extra power produced by the solar 
energy system may also be used for other applications, 
such as powering other relevant equipment to the 
tramlines   
 
III. DESIGN REQUIREMENTS OF SOLAR 
FARM LOCATIONS IN RURAL AREAS  
 
To obtain the majority of the required 15000 kW 
power usage, a solar farm must be designed within the 
rural areas to suit the following requirements.  

 The area of the solar farm must be open and 
heavily exposed to sunlight    

 The solar farm must be as close to the tram 
lines of route 86 where possible to minimise 
electrical power losses due to cabling 
resistances and wearing.    

 The distance between the solar farm and 
residential areas must be maximised where  
possible.    

 
IV. DESIGN REQUIREMENTS OF SOLAR 
PANEL LOCATIONS IN CITY/SUBURBAN 
AREAS 
 
To minimise the costs required to obtain the required 
area of land to operate a solar farm, the option to use 
existing structures within the city and suburban areas 
has also been taken into consideration. To implement 
solar panels into these areas, the following design 
requirements have also been taken into consideration 
   

 Solar panels should be elevated, or placed in 
open areas to maximise exposure to sunlight. 

 Major tram stops and stations may be used to 
accommodate solar panels if an adequate  
area is available. 

 Costing for leasing and hiring of sites for solar 
panels must be minimised where possible.    

 
V. DESIGN LOADING ON ROOFTOPS  
 
In order to ensure minimal risk of structural failure for 
rooftops, the maximum allowable loading on rooftops 
was rated at 97.648 kg/m2 (20lb/ft2). A safety factor 

of 4 has also been considered for this application 
further minimise the potential risk of structural 
failure, which may occur due to unexpected loads, 
such as wind loads, captured water or hail stones from 
rain or even animals such as birds.    
 
VI. SOLAR PANEL SELECTION 
 
Solar Panel Specifications  

 To meet the power requirement of 15000kW, 
the following solar panels had been sourced 
and chosen for this application due to supply 
costing.  

 Solar Panel Model: JKMS260P 
 Manufacturer: Jinko Solar   
 Dimensions: 1650mm (L) x 992mm (W) x 

45mm (T)       Rated Power: 260W (at standard 
conditions)  

 Weight: 19.7 kg 
 Quantity Required: 57600 Panels  

   
Given these specifications, as there is a requirement of 
57600 solar panels to cover the approximate 15000kW 
power (an actual average of 14976 kW will be 
obtained with these panels), the area to be covered can 
be determined based on the following calculations.  
 = 0.992 × 1.650 × 57600 = ݀݁ݎ݅ݑݍܴ݁ ܽ݁ݎܣ 
94279.68 ݉2  
Therefore, the solar panels must cover 94279.68m2 
(or approximately 23.29 acres) to produce the required 
amount of power to tram route 86. 

 
 
VII. ELECTRICAL STORAGE 
 
As solar panels are able to produce a sufficient amount 
of power to the tram lines due to the radiation of the 
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sun, it is unable to produce enough energy to operate 
the tram lines during the night time.  
 
VIII. POTENTIAL ENERGY STORAGE 
 
A Gravity Powered Module system was taken into 
consideration for the potential storage of electrical 
energy,   The Gravity Power Module is an electrical 
storage device that employs potential energy as 
storage mechanism. Excess power that is produced by 
any type of   system, whether is coal or solar, is used 
to power a turbine that pumps water through a 500m 
deep pipe to raise a mass in a pipe located parallel. 
When the power is needed, the mass is lowered and as 
a result the flow of the water reverses. This reverse 
flow is then used to spin the turbine to produce power   

 
Final Decision for Implementation of Solar Panels 
It was found that the size of the solar farm was to be 
minimised to keep both installation and long term 
costs as low as possible.  

Since the solar farm was reduced to 32,380 panels, it 
was found that the area of which this was to cover was 
significantly reduced from the initial 56,700 panels. 
Therefore, the minimum required area of which the 
solar farm was required was determined through the 
following calculations (given that one solar panel may 
cover approximately 1.63 m2).  

 

 = 1.63 × 32380 = ݉ݎܽܨ ݎ݈ܽܵ ݂ ܽ݁ݎܣ ݉ݑ݉݅݊݅ܯ
52781݉2 ≈ 13.04   
 
IX. COST ANALYSIS 
 
Based on all chosen design implementations, the final 
cost analysis was conducted  Due to the scale of the 
project, the final cost of $147,592,382 was considered 
viable due to the amount of construction work required 
to implement all of the solar panel. 

 
 
CONCLUSION 
 
The final solar energy system for tram route 86 
consisted of implementing solar panels on various 
locations to ensure that costing was minimised. With 
the use of various methods of calculations and 
research, the system was created to power a 15MW 
tram line purely with solar energy without the 
assistance of the electricity from the main grid. As a 
result, this system would allow one tram line to be 
operated without the need to emit greenhouse gases for 
a low long term cost.  
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