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I. Abstract: 
 

When deciding to make a ‘green’ city, a lot of decision-making goes into what kind of 
renewable, sustainable sources of power the city will utilize. This is important because it is 
helpful to know what sources of renewable energy will be the most useful in the future. This 
project compared how efficient Solar Power was in comparison to Hydroelectric power when 
scaled down to the size of a model city using Lego Minifigures as a size scale. Through the 
course of the project the group concluded that solar, at 55% efficiency, was more efficient than 
hydro at 47.1% efficiency.  

 
II. Motivation and History:  
 

For years, clean cities have been an idea set in the future, at a point when it would 
become much easier to live without fossil fuels. What goes unrealized by many is that the future 
is now, and clean cities are no longer just an idea, they are coming to fruition. Solar panels have 
seen vast improvements and use in cities around the world, hydro generators used in dams help 
power communities and towns, and nuclear power help entire countries stay on the grid. 
Sustainable energy is very real, and it is the solution to the upcoming power crisis. This is why 
the decision was made to create a city that runs entirely and efficiently off of sustainable power.  

This idea was not obtained from a book, rather from the ASR website. It was agreed on 
that this project would be both fun and exciting, a new experience for our group. The goal of this 
project is to prove the feasibility of a fully renewable city.  

Furthermore, we plan to gain an increased knowledge of either the feasibility or difficulty 
of having a city run on ecologically sustainable sources, while also learning how to and 
practicing the designing and manufacturing of solar powered and hydro powered circuits, 3D 
printed objects, and laser-cut wooden/acrylic structures that are put together by hand. 

This project is interesting to explore because while not only are model cities a way to 
view an enormous metropolis in its entirety, they also serve a purpose looking forward in terms 
of expansion, renovation, and changes that can affect the entire city and its population as a 
whole. 

One of the earliest model city projects was constructed in 1957 by the US Army Corps of 
Engineers, in which 286 tons of concrete slabs were used to create a replica of the San Francisco 
Bay Area as well as the Sacramento/San Joaquin Delta which simulated the realistic results of 
public works projects as well as natural disasters that impact the tides and currents in the two 
bodies of water. From this project the city of San Francisco was able to better adapt it’s 
infrastructure in order to minimize the damages to the city in the case of an earthquake, which is 
seen in the resulting damages of the earthquake of 1989. This model connects to the one being 
created in this project in the sense that it serves as a model that will simulate and entertain the 
possibility of a city being powered solely by sustainable sources of energy. 

Another example of a model city project that greatly impacts the future of the city it 
represents is the model city project for the city of Shanghai, as the model serves its purpose as a 
depiction of what the city is planned to look like in the year 2020, following numerous 
prospective building plans and renovations to existing infrastructure. However, any and every 
small detail matters, as any changes could and would impact the depiction of the biggest city in 
China. This model connects to the one being made because of the impact that the smallest 



changes have on the entire project itself, such as the incorporation of the model train or the 
addition of hydroelectric power into the design of the city. 

A final remarkable example of a model city project is the model city of Chicago. This 
model is 3,500 sq. feet large, and also depicts the city’s vast railway system with over 1,400 feet 
of track. [1]  Chicago’s model city has five goals that were attempted to reach in it’s 
construction, which are to make the city appear “Beautiful, Connected, Global, Green, and 
New”. The two that resonate with the model in this project are “Global” and “Green” because of 
the addition of the train in this project as well as the usage of alternative sources of power that 
are more friendly to the environment. [2] 

Furthermore, one real world example of what the model in this project aims to be is the 
current development of Babcock Ranch in Florida, which will be primarily powered by a solar 
array that consists of over 300,000 panels and produces 75 megawatts of power, more than 
enough to power the city as well as surrounding areas. The city boasts a zero-emissions 
autonomous bus transportation system that is also powered by the sun, and controlled through a 
mobile application. Babcock Ranch is also very infrastructurally secure, as the city was in the 
eye of Hurricane Irma last year and it was reported that not a single one of it’s panels was 
dislodged. However, the city must also rely on traditional power at night because it is still much 
too expensive to store the immense excess power generated by the solar cells throughout the day. 
In spite of this technological difficulty, Babcock Ranch is the closest real world example of a 
city running primarily on sustainable energy in the United States. [3] 
 
III. Theory:  
 

There are several forms of renewable energy that will be used to power the city. The first 
and most abundant form is solar power, acquired by using solar panels. The other form of power 
creation comes from the hydrogenerator and the pump. The two of them work together to create 
a power flow at night.  

Solar panels have a very interesting and unique design which allows them to function at 
maximum efficiency. Solar panels are composed almost entirely out of silicon, and they harbour 
many microscopic units called photovoltaic cells. The basic explanation of what happens in a 
solar cell is that photons (rays which come from the sun), knock the electrons free from the 
silicon atoms, generating a flow of electricity. When the valence electrons get knocked out, gaps 
are created by the missing electrons inside the silicon atom. These new gaps made by the 
photons then need to be filled by other electrons. Electrons from other silicon atoms jump to fill 
in the holes next to them, creating more holes which then need to be filled by other electrons. 
This continuous movement of electrons is what causes a current to be formed and electricity to 
be created.  

The other system that will be used to generate power utilizes both a pump and a hydro 
generator. Pumps have been used for a long time and have a variety of uses. Their design is quite 
simple and elegant, yet it is very effective. Pumps need to be powered by something, be it an 
outlet, power box, or solar panels, which is what is being used in this project. Once the power 
reaches the pump, it turns on and begins moving water. How it does this is through the use of a 
motor and a turbine. When the motor turns on, it begins to rotate at a faster and faster pace until 
it is going as fast as it can at the given current. The turbine is attached to the end of the motor 
which spins, hence the motor spins the turbine at pretty fast speeds. The turbine’s sole purpose is 



to redirect the water and make it flow in a direction that it is not naturally supposed to go. When 
it starts moving fast, it pushes water through the pump and into the tubing, where it then follows 
the pre-ordained path and is released at the end. Our pump will be moving water from the basin 
at the bottom of a tower to the basin at the top of it. After that, it will flow through the hydro 
generator stationed underneath the upper basin. 

The aforementioned hydro generator makes use of the kinetic energy in the water 
produced by the circuit and pump. The water released by the pump reached a height of 
approximately three feet, suggesting that the water potentially holds a lot of kinetic energy. This 
kinetic energy is then converted into electrical power, which will power several LED’s on the 
water tower that rests above the upper basin. This circuit will prove most effective at night, 
where the LED’s will shine alongside the solar powered lamp posts of the city. 
 
IV. Design: 
 

The whole city sits on a wooden table designed and built in the lab. A lot of space would 
be needed for a model city, so the table is large. It lies at 5 feet long, 4 feet wide, and .75 inches 
thick. Four legs support the table, all 18 inches high, 1.5 inches wide and 3.5 inches long. The 
table is the largest build of the project, as everything else sits on top of it on a much smaller 
scale. The second thing done after building the table was building some lego sets to use as base 
buildings. The lego buildings and minifigures were used a base for scaling all of the other pieces 
and 3D prints. Underneath the city there is a board that connects perpendicularly. Two other 
boards protrude off that one, and serve to hold the water basins needed for the hydroelectric 
circuit in place and generally out of sight. The following is a CAD Drawing of what the group 
has accomplished so far. 

 
Figure 1: CAD of Current Table Layout 

 



The scale produced using the minifigures is a 1:45 scale, using the ratio of the height of a 
minifigure at 4 centimeters to the average height of a person at 180 centimeters. Therefore, this 
ratio will help adjust the sizing of several other objects and structures that will eventually be 3D 
printed, such as trees, benches, road signs, statues, and most importantly, the lamp posts that will 
connect to the main circuit in order to light up the city at night. Their respective scaled heights 
are as follows.  

 

Tree (Two Types) 5, 6 cm 

Lamp Post 8 cm 

House 5 cm 

Tower 6 cm 

Warehouse 5 cm 

Statue 7 cm 
Figure 2: Scale for 3D Prints 
 

The circuit for the city is not a very complicated one, but it has many components. The 
entire thing is based around a arduino which is going to help control the circuit and make sure it 
runs efficiently and as it is supposed to.  

 
Figure 3: Circuit Diagram of Circuit Being Used 

 



Starting with the arduino and what powers it, there are multiple solar panels that are 
spread across the city. One of these solar panels will power all the lamp posts on the top of the 
board, while the other panel will power the pump underneath the board. There are multiple 
components of the city which need to be run by the arduino. In order for these components to 
function, there needs to be an indicator of some sort. The goal is to have the arduino activate 
certain parts of the circuit once there is no sunlight around. The level of sunlight is measured for 
the arduino using a solar panel. This panel doesn’t provide a lot of power to the arduino, but it 
relays much needed information. The solar panel can efficiently tell the output of the sun to the 
arduino, allowing any of the other circuitry to activate or deactivate. Using a resistor across the 
panel, the arduino can read the voltage the panel is outputting. This allows for the arduino to 
know when it should activate and deactivate components of the circuit. 

Once power is allowed to flow, the multiple items attached to the arduino can begin to 
function. To start, a model train is going to circle the city and the board. This train is powered by 
its own box which also has an adjustable speed dial. Due to the fact that the arduino would not be 
able to power the train on its own, a transistor is going to be used in combination with the 
arduino. This will allow a now amplified current to power the train during both day and night. 
The next attachment to the arduino is the electric valve, which will only activate when it is dark 
out. The valve is is place to allow water to flow through the hydrogenator. It is only going to 
activate when dark to ensure that the pump has filled up the basin. This way, once the valve 
opens, gravity takes care of the rest and moves the water. Originally, a servo was going to be 
used to turn a manual valve. However, the servo became a problem to code, as many errors were 
popping up during testing phase. As well as this, it was unclear whether or not the servo would 
have the power to actually turn the manual valve. Due to time being of the essence, it was 
decided to bypass the servo and use the electric valve.  

A separate circuit will be used for the pump and hydro generators as it was easier to keep 
them separated. A pump is hooked up to a hal chip and powered by a solar panel. This will pump 
water from the lower basin under the table to the upper one. A magnet will be in the basin as 
well next to the pump. It will be floating, and once the water levels get low enough, it will 
activate the hal chip and shut off the pump. The hal will be set on the outside of the basin as to 
prevent water damage. When it is activated by the magnet, the direction of the current switches 
within the chip and causes a closed loop to be created. With the closed loop in place, power 
won’t flow to the pump, hence not allowing it to work. This whole process is to ensure the pump 
does not get damaged from pumping air. Once the water is in the upper basin, the second part of 
the circuit activates. The valve will open allowing water to flow through the hydro generator. 
The generator will then power several LEDs residing on the water tower itself. Due to the fact it 
won’t be strong enough to power the whole city, it will only activate LEDs on the tower to prove 
that it works.  

The final circuit is for the lamp posts on the top of the board. All of the LED’s are 
hooked up in parallel, each with their own 1k ohm resistor. The resistors provide safety from 
blowing out, as the power from a solar cell is too much for a single LED. The current is lowered, 
allowing the 12V solar cell to power all of the lamp posts without blowing any of them out.  

While originally, the arduino had the option to be powered by both solar and man made 
power, it is now only powered by a power source. This was because the train needed far too 
many amps for one solar panel. Two very large solar cells would have been needed just for the 



train, so it was decided we should use a power source. This allows for all of the arduino items to 
function without power loss or problems of any kind.  

The code for the city, while not fully finished, is not very complicated or long. It is at the 
bottom of the paper, and it controls both the train and the servo.  

The reason that the circuit has taken this design is due to the mild complication of it. 
There are a lot of aspects of the city which need to be powered, and it is hard to efficiently 
officiate all these pieces. The arduino makes lighter work of that, and allows for more smooth 
streamlines and transitions in the circuit. A hal chip is being used for the pump because it has 
great practical effect, and it is an easier method to put in place. The way the circuit has been 
designed allows for an effective movement of power throughout the entire city.  

V.  Results Section: Here you detail the measurements you’ve made on your prototype, full 
project or experiment. Here you should have data tables, graphs, equations (which depends on 
your project, but you’ll use many of the things you learned first semester). Green energy projects 
will have Power curves (how much electricity are you generating?), experiments their data and 
other graphs, measurements and equations that make sense. 

Table 1: Hydroelectric Circuit Measurements 

Quantity of Water used (L) 4.7 L 

Hydrogenerator’s Theoretical 
Output Current (mAH) 

220 mAH 

Hydrogenerator’s Measured 
Output Current (mAH) 

200 mAH 

Hydrogenerator’s Theoretical 
Output Voltage (V) 

12 Volts 

Hydrogenerator’s Actual 
Output Voltage (V) 

9 Volts 

# of LED’s lit up (Theoretical) 4 

# of LED’s lit up (Actual) 3 

Efficiency 47.1% 

Figure 4: Measurements regarding the Hydroelectric Circuit 

Efficiency = POut / Pin = m g h (mass of water) / V * I (of Hydrogenerator) 

= 4.7 kg x 9.8 x 18 in / 200 mAH x 9 V 



= 47.1% Efficiency 

Table 2: Solar Powered Circuit Measurements 

Solar Panel’s Theoretical Output Voltage (V) 22 V 

Solar Panel’s Actual Output Voltage (V) 12 V 

Solar Panel’s Theoretical Output Current 
(Amps) 

.61 Amps 

Solar Panel’s Actual Output Current (Amps) .5 Amps 

# of possible LED’s that can be lit up 12 

# of LED’s that are actually lit up 11 

Efficiency  55% 

Figure 5: Measurements Regarding the Solar Powered Circuit 

Efficiency = POut / Pin =  V * I (of LED’s) / V * I (of Solar Panel) 

Efficiency = POut / Pin = 33 * .1 / 12 * .5 = .55 = 55% Efficiency 

 

Table 3: Train Measurements 

Train’s Output Current 1000mA 

Train’s Output Voltage (Max) 16 DC Volts 

Train’s Output Voltage (Min) 5 DC Volts 

Train’s Velocity (Max) 2.5 ft/sec 

Train’s Velocity (Min) .7 ft/sec 

Figure 6: Measurements Regarding the Train 

 

 



 

 

Graph 1: Power Curve 

 

Figure 7: Train’s Power Curve 

VI. Conclusion Section:  
 
The project’s results concluded that the solar powered sector of the city was more 

efficient than the hydroelectric sector of the city. The solar panel produced an efficiency of 55%, 
whereas the hydrogenerator produced a slightly lower efficiency at 47.1%. This means that for a 
larger, life-sized scale, powering a city by solar means will power roughly 11% more of a city’s 
electronics than an equivalent source of hydroelectric power will. However, because both are 
much more ecologically friendly than other sources of energy and should be used in unison for 
maximum output of clean, renewable electricity.  

On such a scale, the project’s possible impacts on future designs or work in this area 
include further studies on comparing what types of renewable energy sources are the most 



efficient in terms of power, a possible increase in research and development of the most efficient 
source of renewable energy.  

One error that was found within the city is a blown out lamp post. This particular LED 
blew out three times after each time it was fixed. Instead of remaking it a fourth time, with Dr. 
Dann’s permission, a lego repair team was set to repair the lamp post indefinitely. However, this 
meant that the true efficiency of the system would not be shown, as there is one missing LED. 
Another error is that the city itself is not entirely renewable. Due to the limitations of smaller 
solar panels, a power source was needed to power the arduino, particularly the train. This was 
due to the fact it drew far too many amps for one solar panel, even two. This means that the city 
is not an entirely sustainable city despite the best intentions of the group.  
 
VII. The Next Step:  
 

Currently the group is in the testing and building phase of the project. The circuit is being 
tested and corrected, along with the code for the arduino. The finishing touches are also being 
made to the table and to the decorations. Another building needs to be built, the water tower 
which will represent the hydro generator. A ball valve also needs to be bought to help with the 
hydro generator setup, which needs to be put together.  

One issue that has arisen was the testing of unipolar and bipolar hall chips for the pump 
circuit. The issue that was seen was that the pump would not turn on once the hall chip was out 
of the range of the magnet’s electromagnetic field. After some testing with different sized 
magnets, it was decided that instead of using a bipolar hall chip as the group had previously 
decided, a unipolar hall chip will be used in the final pump circuit. 

Another issue that has arisen is the code not working. It was very close to done and then 
something happened to the readings values. Troubleshooting is being done to see what the issue 
is and what can be done to fix it.  
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Appendix A: Parts Cost 
 

Part Description What Needed For Cost Where to Buy 

Lego Sets Scaling of City 200$ Amazon 

Train Set Incorporation of Circuit 
/ Providing Motion 

100$ Amazon 

Wood Table + Attachments 0$ Lab 

3D Plastic 3D Printing 0$ Lab 
Figure 8: Materials and Costs for Project 

Appendix B: Physical Measurements 

Tabletop Measurements (L x W x H) 5 ft x 4 ft x .75 in 

Table Leg Measurements (L x W x H) 18 in x 1.5 in x 3.5 in 

House Measurements (L x W x H) 4.9 in x 4.6 in x 3.1 in 

Tower Measurements (L x W x H) 2.6in x 2.3 in x 6.1 in 

Warehouse Measurements (L x W x H) 4.2 in x 3.3 in x 4.5 in 

Figure 9: Physical Measurements 

Appendix C: Arduino Code 

 

int Panel = A3; 

int Train = 4; 



int Valve = 5; 

  

void setup() { 

  // put your setup code here, to run once: 

  

  pinMode(4, OUTPUT); 

  pinMode(5, OUTPUT); 

  Serial.begin(9600); 

} 

 

void loop() { 

  // put your main code here, to run repeatedly: 

  int num = analogRead (A3); 

  

  String a = "" + num; 

  Serial.println("Reading: " + a); 

  Serial.print(num); 

 

  } 

  if (num > 512) 



  { 

    digitalWrite(4, HIGH); 

    digitalWrite(5, LOW); 

  

  } else if (num < 500) { 

    digitalWrite(4, LOW); 

    digitalWrite(5, HIGH); 

   } 

} 

 


