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Design of Multicopter for Heliostat 
Field Cleaning Purposes

Valentina Herrera
MSc Sustainable Energy Systems

Dr. Willie Smit: Stellenbosch University 
Prof. Felipe Mendes: Instituto Superior Tecnico Lisboa
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• Introduction to heliostat cleaning

• Drone selection model

• Application to CSP plant

Outline
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• Reflectivity is key
• Regularly cleaning
• High amount of water
• Broken mirrors
• Constant manpower

Current methods

Gemasolar plant, property of Torresol Energy, Cleaning Technology property of ECILIMP
Source:https://www.solarpaces.org/marrakesh-conference-presented-solutions-for-reducing-water-use-in-csp/

https://www.solarpaces.org/marrakesh-conference-presented-solutions-for-reducing-water-use-in-csp/
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• Reflectivity is key
• Cleaning regularly
• Low amount of water (0.03l/m2)
• No broken mirrors
• Maximize cleaning capacity/hour
• Autonomous system
• Direct contact and deep cleaning 
• Homogenous cleaning 
• No impact on on-site roads

Researched method

Gemasolar plant, property of Torresol Energy, Cleaning Technology property of SENER
Source: http://www.sener-aerospace.com

http://www.sener-aerospace.com/
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Flight-Time vs. Mass

Bigger 
Battery

Bigger Propeller



7concentrating.sun.ac.za
sterg@sun.ac.za

visit
contact

Long Flight Time

Voltage

Heavy

Short Flight Time

Payload

ESCLimits 
Maneuverability

Big Propeller
Pitch

Big Battery 

Motor
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• 100 commercial motors with suggested:
– Propeller
– ESC
– Battery voltage

• Plus 50 sizes of batteries

Select a reference drone based on a required payload.
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• 100 commercial motors with suggested:
– Propeller
– ESC
– Battery voltage

• Plus 50 sizes of batteries

Motor
weight*4

Propeller
weight*4

ESC
weight

Frame
weight

Payload
weight

(1000 mAh)

(2000 mAh)

(3000 mAh)

(50000 mAh)

Total weight_1

Total weight_2

Total weight_3

Total weight_50

Select a reference drone based on a required payload.
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Total weight
[kg]

Thrust 
[N]

Power 
[W]

Current 
[A]

Flight time 
[min]

Momentum & Blade Element Theory

Source: Johnson, Wayne. (1994). Helicopter Theory.

Battery 
[Ah]
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Payload: 2 kg

Configuration with the best flight-time is selected

Source: Johnson, Wayne. (1994). Helicopter Theory.
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Flight-Time vs. Mass
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Flight-Time vs. Mass
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Flight time: 40 min / Payload: 2kg

Lower 
maneuverability

Longer 
flight-time
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Case study: 540 heliostats field
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Case study: 540 heliostats field

Payload? Flight Time?
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4 5 21

Docking spot

36

Path: 1 cleaning device
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4 5 21

Docking spot

36

Path: 1 cleaning device
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Path: 2 cleaning devices
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Path: 4 cleaning devices
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Path: 4 cleaning devices
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• Main constraint: 
– Clean each mirror every 7 days

• Total water required per device: 
– 9 liters (for the entire field)/ 7 days 

= 1.3 l/ day

• Required airborne time per day:
– 7 hours (for the entire field)/7 days 

= 1 h/day

Decide payload and flight time according to constraints 
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• Main constraint: 
– Clean each mirror every 7 days

• Total water required per device: 
– 9 liters (for the entire field)/ 7 days 

= 1.3 l/ day

• Required airborne time per day:
– 7 hours (for the entire field)/7 days 

= 1 h/day

Decide payload and flight time according to constraints 

• Payload: 
– 2kg (cleaning robot) + 1.5 kg (water) 

+ 0.5 kg (safety margin) = 4kg 

• Flight time: 
– No battery recharge = 1 h
– 1-time battery recharge = 30 min
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Plug in Payload and Flight time into Drone Selection Model 
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Flight time: 
30 min

Payload:
4kg

Flight time: 
1 h

Payload:
4kg
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Flight time: 
30 min

Flight time: 
1 h
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• Heliostat Cleaning: is a key operation in CSP plants. 
Automation of this operation will be beneficial.

• Drone Selection Model: A high-level model is necessary to 
estimate drone’s characteristics for a specific application.

• Application to Heliostat Field: To estimate the payload 
and flight-time of the drone, a path must be designed, while 
considering the plant’s operation constraints.

Summary & Conclusion
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Thank You
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Cost Comparison

$340*4

$200

$340*2 $100 $100

$400

30 min 1 h


