
The rooftop garden will be an extensive nature roof 
planted with sedum, covering 600 m2 with a maximum 
weight of 130 kg/m2 and consist of 5 basic layers. The 
cost will be $16,281.

Introduction
A site originally intended for university use in Sidon, Lebanon has 
been converted to a temporary refugee camp that is currently 
housing around 1,500 people. The plumbing system is not 
designed to run at the current capacity, so the site is characterized 
by poor living conditions and limited water supplies. This project 
focuses on utilizing solar energy to treat the wastewater at the 
refugee camp to provide quality irrigation water for an urban 
garden to improve the quality of life for the residents in a 
sustainable way. 

Objectives & Constraints
● Design a wastewater treatment system that can treat 30,000 

gallons per day 
● The system must be portable and temporary
● The site has no access to grid power so the system has to be 

capable of using only renewable energies 
● The rooftop garden cannot compromise the structural integrity of 

the building
● The water used to irrigate the system must be safe enough for 

human contact
● Limited space to implement system

Conclusion
The final design of the project consist of a MBBR wastewater 
treatment system, rooftop garden irrigated with drip tape, and a 
solar power system. This design was chosen due to the simplicity 
and ease of operation and maintenance. The wastewater 
treatment system is an efficient system organized within two full 
size shipping containers. According to the tests, the system is 
capable of treating the water effectively. The final product will 
greatly improve the lives of the refugees while opening
up opportunities for future growth of sustainable, portable, world 
changing projects in the future
● Overall project cost estimation: $358,000

Rooftop Garden Results 
Table 1: Average Values of water quality testing on AWS 1,500 gpd system at RELLIS campus
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Solar Power
● Independent Off-Grid System by BlueSun Solar
● Power Requirements: 35 kW, 120 Vac, 60 Hz
● Components: 96 Solar panels, 64 Batteries, 1 Charge Controller, 

1 Inverter, and 700 Wires
● Solar panels are rate at 330W and will be angled at 30 degrees 

for max efficiency.
● Area covered by solar panels is just under 190m2

● The cost of the solar system is $44,784.

Proposed Project site
Al Imam Al Ouzai University Building in Sidon, Lebanon

Irrigation  

Type of Test Influent Effluent Effluent (Chlorinated)

BOD 5 day 121.500 (mg/L) 22.000 (mg/L) 7.000 (mg/L)

Total Suspended Solids 233.000 (mg/L) 16.250 (mg/L) 7.500 (mg/L)

Ammonia as N 55.500 (mg/L) 5.923 (mg/L) 1.710 (mg/L)

TKN as N 77.800 (mg/L) 9.890 (mg/L) 16.178 (mg/L)

Nitrate as N 0.137 (mg/L) 21.443 (mg/L) 42.825 (mg/L)

Nitrite as N 0.040 (mg/L) 18.315 (mg/L) 0.570 (mg/L)

Nitrate/Nitrite as N 0.170 (mg/L) 37.300 (mg/L) 43.400 (mg/L)

Oil & Grease HEM 9.900 (mg/L) 5.100 (mg/L) 5.150 (mg/L)

Fecal Coliform 1406500 (counts/100ml) 4570 (counts/100ml) 4.8 (counts/100ml)

Phosphorus Total 8.045 (mg/L) 5.348 (mg/L) 6.180 (mg/L)

In order for the treated water to be safely handled by the refugees and not cause a buildup in the 
small, shallow garden area, the water needs to be treated to a strict quality of less that 10 mg/L of 
water for both BOD 5 and TSS and less than 10 fecal coliform count per 100 mL of water. The 
system shows that with additional chlorine treatment, the parameters are successfully met. 

The garden will utilize 6,480 feet of 
drip tape with rows placed 1 foot 
apart and 12 inches between drip 
emitters. Each time the garden is to 
be irrigated, it will require 2,012 
gallons of water to adequately 
provide for the plants.
The cost of the irrigation will be 
$1075 not including shipping.  

Wastewater Treatment
● Active Water Solutions has a 30,000 gallon Moving Bed Bio Reactor (MBBR) 

treatment system that fits into a shipping container. The system utilizes moving 

bed biofilm reactors that coats HDPE disks with biofilm in an aeration tank to 

treat wastewater using microbes. 

● The system includes 6 tanks: 1 screening, 2 MBBR aeration, 2 clarification 

tanks utilizing tube settlers, and 1 disinfection tank utilizing chlorine treatment.

● Maintenance will include trash removal from the screen, scraping of 

accumulated from the surface in clarifier, backwashing filters, chlorine dosing, 

and UV lamps scraping and replacement as needed. 

● For influent of 600/600 BOD/TSS, the system will cost $295,000

Special thanks to the American University Beirut
 in Lebanon for all of the project information 


