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Executive Summary 

Socio-Economic and Environmental Development Solutions (SEEDS) required a solar powered 

greywater recycling system to water the fields and trees for their SEEDS Resource Center and 

Garden in Mongu, Zambia. Through team discussion of the alternative designs proposed and 

creating a weighted decision matrix, the design chosen was the hose and ceramic filter design 

based on the fulfillment of the FOC’s and the design scoring the highest on the matrix. The team 

has extended the work done on the final design by including a detailed breakdown of the 

design’s operation, and justification of how the design satisfies the client's needs and the 

functions, objectives and constraints. 

 

The main objectives of the design were distribution coverage, ease of operation, theoretical water 

output, power efficiency and security, which were reflected in the design’s operation. The design 

has six main stages of operation; collection of the greywater, storage of the greywater, filtration, 

disinfection, transportation, and distribution. In the completion of these stages, the design is able 

to filter the greywater in 1-3 hours/litre, and requires that the ceramic filter is cleaned once a 

week.  

 

The design was able to meet the client’s need of a system that is able to recycle greywater in a 

way that would not affect the environment, take human factors into account and uphold the 

safety standards that are required. By using activated carbon and the ceramic filter, it eliminates 

bacteria, protozoa, and microbial cysts from the greywater. Afterwards, the water is sterilized 

with Ultraviolet lights to remove smaller pathogens (namely, viruses). In this way, the use of 

chemical solutions to treat the greywater before every watering is not required. The hatch has 

also been designed in a way to be suitable for human needs, as it is 80” deep to allow for user 

movement. The system was also designed for security and safety by including a locked door 

above the hatch (storing the pump and storage tanks), preventing theft and children from falling 

in. 

 

Upon implementation of the design, tests must be made to examine the effectiveness of the 

design, and detailed implementation requirements (including materials, installation and labour) 

and economics must be referred to. The total cost of the design is estimated to be around $3000-

$4000, excluding labour costs.  
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1.0 Project Requirements 

Our client, Joanne Hutchinson, is the founder of Socio-Economic and Environmental 

Development Solutions (SEEDS), a Canadian charity that sends seeds to Zambia. They are 

concerned that overuse of the borehole near their SEEDS Resource Center and Gardens in 

Mongu, Zambia for agricultural uses will leave the residents without access to clean water. 

 

1.1 Problem Statement 

This need is a result of the current state of Zambia’s broken” infrastructure [1]. Almost 45 

percent of water produced by Zambian water utilities “is lost in distribution due to technical and 

non-technical factors” and only 29 percent of Zambia’s rural population has access to safe water 

[2]. Additionally, existing agricultural watering systems rely on electricity in order to operate 

[3][4]. However, only 20 percent of Zambian population have access to electricity and growth is 

slow with a growth rate of only 0.5 percent per year [5]. Ultimately, there is a lack of agricultural 

watering systems that reduces water consumption in rural Zambia. 

 

The client has asked that the design should recycle greywater - water from household showers, 

and sinks [6]. Greywater treatment methods shall not involve significant chemical solutions and 

any designs requiring electrical power shall be solar powered, as requested by the client. Finally, 

the client has experienced theft in the SEEDS Resource Center and would like the design to 

prevent its components from being stolen. 
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1.2 Identification of Stakeholders 

A major stakeholder is Zambia’s Ministry of Energy and Water Development. Others include 

non-governmental organisations concerned with greywater recycling and control and the people 

around Mongu District. 

 

Table 1: Stakeholders, their interest, and their impact on the FOCs (F(#), O(#), and C(#) denotes 

a function, objective, or constraint.) 

Stakeholder Interest Impact on FOC’s 

Zambia’s Ministry of Energy 

and Water Development 

- Minimize water and 

environmental pollution [7]. 

- Shall prevent water 

pollution to nearby water 

streams from greywater. 

F(1) C(3) 

Zambia’s Ministry of 

Agriculture and Livestock 

- “Disseminating technical 

and other information to the 

farming community”[8] 

- The design should be 

simple to use O(2) 

World Health Organization 

(WHO), and health related Non-

Governmental Organizations 

(e.g., USAid) 

- Improve health status of 

people in Zambia [9]. 

- Combat diseases [10]. 

 

- Shall prevent the 

spread of waterborne 

illnesses (malaria, 

diarrhea, etc.) C(1) 

- Shall implement 

WHO’s Health Aspects 

of Plumbing C(3) 

Solar energy companies (e.g. 

SunTech) and solar related 

Non-Governmental 

Organizations (e.g, SolarAid) 

- To spread the use of solar 

energy in Zambia 

[11][12][13]. 

- Design will use excess 

generated power to 

power the home F(9) 
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1.3 Functions 

The SEEDS home currently does not separate greywater from toilet water. Therefore, the team 

decomposed the need of ‘recycling greywater’ into four distinct functions that the design must 

do: collect, store, clean, transport, and distribute (Details in Appendix A). Additional functions 

are denoted in this section. 

 

1.3.1 Functional Basis: 

- To transfer mass. 

 

1.3.2 Primary Functions: 

1. To collect greywater (bathroom, sinks, and water runoffs). 

2. To store greywater. 

3. To treat greywater. 

4. To transport greywater to surface level. 

5. To distribute the greywater to the corn field and/or the tree nursery. 

 

1.3.3 Secondary Functions 

6. To separate solid waste from greywater. 

7. To convert solar energy into electrical energy. 

8. To flush untreated greywater into the septic tank (See Constraint 1). 

 

1.3.4 Unintended Functions 

9. To provide electrical power for the house. 

10. To provide shade from the sun. 

 

1.4 Objectives 

The objectives of the design are traits that the design should have to meet client’s need. The 

following objectives are ranked in order of importance. (Details in Appendix D) 

 

1. Distribution coverage: maximize design garden coverage to at least 66 m2, the 

approximate area of one garden in the SEEDS Resource Center and Gardens in Mongu 

[16] (see Appendix L). 

2. Ease of operation: minimize the number of steps to activate the design to three, the 

average amount of unrelated items that can be stored in a human mind [14][15]. 

3. Theoretical water output: maximize theoretical water output to at least 26 L/day,  

estimated minimum volume of water required for one garden per day (Details in 

Appendix B, C) 

4. Power efficiency: minimize electric power use to 200W, an approximation of the power 

production of a 1m2 solar panel [17]. 

5. Security: minimize the number of components that can be seen above ground of the 

design to zero, reducing the possibility of theft by limiting the part’s accessibility [18]. 
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1.5 Constraints 

This section details the constraints of the design: mainly health regulations involving water and 

specific client needs. 

 

1. Untreated greywater shall not be stored for longer than 48 hours to prevent mosquito and 

pathogen growth in greywater [19][20]. 

2. Greywater output shall meet the standards in the Third Schedule of Water Pollution 

Control Regulation [7]. 

3. Designs that require electrical energy shall be powered by solar energy [17]. 

4. The design shall not rely on chemical treatment to clean greywater.  

 

1.6 Service Environment 

This section describes the service environment of Mongu, Zambia. This section is divided into 

three subsections: the physical, living, and virtual environment. 

 

1. Physical Environment 

- Porous soil, causing low water retention [21][22]. 

- Dry season from May to September: 

- <10 mm monthly rainfall [23][24]. 

- 180.48 hours of peak sunlight per month [25]. 

- Absolute min/max. temperature: 9.5˚C/34.3˚C[23] 

- Average wind speed: 2.8 m/s - 3 m/s, blowing east 24% of the year and south-east 

12% of the year [24]. 

2. Living Environment 

- Mosquitoes carrying malaria parasites are endemic to the region [26]. 

- Typhoid bacteria and hepatitis A viruses are prevalent in Zambia [27][28]. 

- Winter squashes such as acorn squashes are grown in the dry season due to 

optimal temperature [29]. 

3. Virtual Environment 

- Minimal electrical power due to hydroelectric costs, along with droughts leading 

to sporadic electricity supply [30][31][32]. 

 

1.7 Client Ethics and Values 

The main considerations in terms of client ethics and beliefs for the design are environmental 

impacts and health concerns. Our client has a lifelong concern for the environment. Therefore, 

the design should have low environmental impact and not distribute pollutants into the soil. Also, 

SEEDS’ purpose is to provide hope for the Zambian people [33]. Thus, in no circumstance must 

the design harm an individual directly or indirectly. 
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2.0 Detailed Design 

The design uses a ceramic filtering system. Design delivers greywater from shower and sinks to 

an underground tank where the ceramic filter is located. An underground pump then transports 

the water to the hose [34]. The pump uses solar energy provided by the solar panels. 

 

This section will explain the following: 

 

● How the design works 

● How the design meets the FOC’s and the client needs.  

● DFXs of the design 

 

2.0.1 Functionality of the Design 

The design has six stages as detailed in Figure 1:  

 

 

Figure 1: Side-view of Complete System with Dimensions 
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Collection of the greywater 

The system will collect greywater by rerouting the shower and kitchen pipes to a separate storage 

tank through gravity. The design will use 25mm in diameter Standard Polyethylene pipes. The 

polypropylene pipes are resistant to corrosion and can withstand temperatures of up to 95℃ [36]. 

 

 
Figure 2: Schematic of SEEDS Resource Centre and Re-routed Pipes 
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Figure 3: Process of Collecting Greywater 

 

Storage of greywater 

Two tanks will be involved with a capacity to hold the amount of greywater produced [see 

Appendix B].  

 

One is a 30 gallon Polyethylene Cylindrical Tank [37] containing the ceramic filter. A hole will 

be drilled at the bottom where filtered water will flow by gravity. The thick walls will prevent 

possible leakages while the loose fitting cover will ensure easy installation and access of the 

ceramic water filter. 

 

The bottom tank is a 30 gallon Steel drum [38]. The tank will have an inlet, the hose outlet, and 

an overflow at the top. 

 

The pump and the tanks will be located at the underground hatch made of concrete with 

dimensions 70 by 50 by 80 Inches. They will be accessible through the hatch door (Recess-

Mount Access Door) and locked using Laminated Steel Body Padlock.  
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Figure 4: Dimensions of Easy-Drain Polyethylene Cylindrical Tank and Steel Drum 
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Figure 5: Dimensions of Underground Hatch 
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Filtration 

In the storage tank, ceramic filtering is used due to its “ low one-time cost” and functions due to 

the pores of ceramic material and gravity[39][40]. The team decided on the ceramic water filter 

for its low cost and high availability. It is able to filter out bacteria and microorganisms. The 

inside of this filter has activated carbon, which absorbs undesired molecular contaminants, such 

as chlorine [41][42]. The ceramic layer should be cleaned once a week (rinse with cold water). 

The process is shown in Figure 6 below.  

 

Figure 6: Ceramic Filtering and UV Sterilization Processes 
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Disinfection 

After the greywater is filtered, an ultraviolet light water purifier [43] is installed just under the 

ceramic filter to kill any microorganisms too small to be filtered out by the ceramic filter, such as 

viruses. The team decided on using UV light because there are microorganisms that are too small 

to be filtered by the ceramic filter and are chemical-resistant, such as hepatitis A[44]. Also, using 

a chemical solution requires a person to add it into the greywater tank each time it is filled, 

which allows the risk of forgetting to disinfect the greywater or adding too much/too little 

solution. In contrast, the UV light would require no user input and would operate continuously. 

The light would need to be replaced annually. 

 

Transportation  

In order to transport water from the clean water tank to the hose, a Pump for Water Removal 

pump is used [45]. The clean water tank contains a pump which has a maximum flow of 17 

gallons per minute at 10 Feet of Head. The single phase motor requires 720W to operate, and has 

a working temperature range from 33-120 F, which is suitable for its service environment. The 

hose will be connected via the garden hose adapter.  

 

The pump will be connected to a battery [46] which is charged by the 320W CS6X-P-MaxPower 

solar panel unit [47] (installed on the roof of the house). To power the pump, the DC current 

from the battery must be converted to AC current. This is achieved by DC to AC Voltage 

Transformer that changes up the voltage from 12V DC to 120V AC and produces a maximum 

power output of 1250 Watts.[48][49].  

 

The power needed to pump all the water out is calculated in Appendix G.  

 

Distribution 

At the last stage, the pump is connected to a 75ft long Heavy Rubber Garden Hose that will 

cover the whole garden. The hose has a maximum working temperature of 160F and is weather 

and chemical resistant [50]. One end of the hose is connected to the pump and the other is 

connected to a nozzle. The Insulated Lever -Activated Hose Nozzle has a maximum flow of 6 

gallons per minute and the water will be pumped out in approximately 5 minutes. 

 

The user turns on the pump and opens the nozzle. The water coming out is at a high pressure and 

the user can walk through the whole garden to water every plant. However, the user will be 

required to water the garden within 5 minutes. 
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2.0.2 How design meets the client needs and FOCs 

 

Table 2 describes how design meets the functions:  

 

Table 2: How the design meets the functions 

Function How the design meets the functions 

Collect greywater The greywater is rerouted from the shower house through piping.  

Store greywater Two tanks, separating pre-filter and post-filter water. 

Treat greywater A ceramic filter with activated carbon and UV sterilization. 

Transport greywater A submersible pump to move water up and through the hose.  

Distribute greywater A hose that allows the user to have full flexibility on what part of 

the garden should be watered.  

 

Table 3 details how the design meets the objectives: 

 

Table 3: How the design meets the objectives 

Objective How the design meets the objectives 

Distribution coverage The 75ft long hose was chosen to cover the entire garden. 

Ease of operation Three inputs: Unlock hatch, activate pump, squeeze nozzle.  

Design minimizes inputs via use of passive filtration methods. 

Theoretical water output Hose has maximum flow of 6 GPM 

Energy efficiency Power usage:~734W (See appendix G) 

Security Exposed components: One hatch (which guards the hose, pump, 

and tank) 
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Table 4 shows how design meets the constraints:  

 

Table 4: How design meets the constraints 

Constraint How the design meets the constraints 

Untreated greywater 

shall not be stored for 

more than 48 hours 

Greywater is treated before entering the clean water tank. Clean 

water tank has drainage system: excess treated greywater flows out 

of tank and out of concrete container through drainage. 

Greywater standards The ceramic filter, bleach and activated carbon will remove almost 

all microorganisms, dissolved chemicals, and odor.  

Solar power Design powered by solar-powered battery. 

No chemical-based 

treatments 

A ceramic filter and activated carbon will remove microorganisms 

and dissolved chemicals through mechanical means. Afterwards, 

an additional UV filter sterilizes the water. 

 

 2.0.3 DFXs of the design 

 

Design for safety 

Since the design involves the use of greywater, parts not easily replaceable in Zambia, and 

electricity, the team has made the following in the design:  

● The pump and the two tanks are inside the hatch which will be locked when not in use. 

This will prevent theft, unauthorised access and injuries.  

● The design uses Monolithic ceramic water filter. This filters bacteria and other 

components that could lead to water borne diseases [41][42]. 

● The design uses Large Battery Rigid Solar Panel Charger, which has an in-built 

mechanism to prevent overcharging.  

 

 

Design for Environment 

Our client has a particular interest on conservation of environment. The team developed a design 

that takes this into account as follows: 

● The ceramic filter and activated carbon gets rid of bacteria and other contaminants that 

could harm the environment [41][42] 

● The design recycles greywater into water usable for irrigation.  

● The materials used have minimal impact on the environment (see section 2.4). 
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2.1 Regulations, Standards, and Intellectual Property 

The following regulations apply to the design:  

 

1. Total bacteria count must be less than 1000 per 100 mL of water to be acceptable for 

irrigation [51][52].  

2. All materials used for piping must contain at most 0.2% of lead in the solder[53] and/or 

have a lead water concentration of less than 10µg/L[54][55]. Although the concentration 

of lead in water is with regards to drinking water, lead is bio accumulative [56], meaning 

this regulation would be applicable to this design.  

3. The installation of the pipes must conform to the OHSA with regards to trench digging 

[57]. 

4. Ensure that the storage tank is clean and covered to prevent mosquitos from breeding and 

spreading malaria and other diseases [58][59]. 

 

From the regulations, the following standards apply to test whether the design meets the 

regulations. The standards are listed in the same order as their corresponding regulations:  

 

1. ISO 9308-2:2012 will be used to determine the number of bacteria present [60], as the 

method described in this standard will give an accurate approximation of the number of 

bacteria present per specified volume of water.  

2. ASTM D3559 - 15 (Method C) will be used to test the concentration of lead in the 

water[61], since Method C can detect concentrations of lead from 1.0µg/L to 100µg/L, 

while the regulation states that the concentration of lead in water should be less than 

10µg/L. That means Method C can detect whether the concentration of lead in water 

when operating the design exceed the regulated level.  

3. To ensure safety when installing pipes underground, the standard is to have a competent 

(someone qualified to organise the work from training or knowledge) [62] person to 

assess the environment of the installation, as well as having to shore up the sides of the 

trenches to prevent the soil from falling back into the trenches and injuring workers [63]. 
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2.2 Testing 

The following tests are established to quantify the effectiveness of the design by conducting 

standardized test on the top three objectives. 

 

1. Distribution coverage:  

● Uses test on ISO 8026:2009 section 6.3.2.1. to obtain the diameter of 

coverage[Appendix H]. [64] 

● Test shall be performed indoors with no wind [64]. 

● Sprayer shall be held at constant height. 

● Coverage radius is obtained by adding the length of the hose and the radius of 

coverage of the sprayer. 

● The area calculated shall not be smaller than 66 m2. 

       

     2.  Ease of operation: 

● Test is developed based on ISO Standard ISO/TS 20282-2:2013[65]. 

● Test the success rate of each step user has to take to activate the system. 

● A “step” is defined as where interaction between user and the system occurs [65]. 

● Use 5 test users to obtain an accurate result [66]. 

● Expected outcome to be 100% after training. 

 

    3.  Theoretical water output: 

● Use ISO 8224-2:1991 to find burst pressure [67]. 

● Water pressure is increased at a constant rate until the hose bursts or a 2500 kPa 

water pressure is reached [67]. 

● Calculate the maximum flow rate the hose can endure without bursting [68]. 

● The design meets the objective if the theoretical water output of 26 L/day is 

reached without bursting. 
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2.3 Implementation Requirements 

Purchases: 

1. Greywater tank and clean water tank, both with a capacity of 30 gallons [69][38]. 

2. Adjustable-Flow Garden Hose Nozzle with Guard [70]. 

3. Heavy duty rubber garden hose 75 ft. long [50]. 

4. Water pump [45]. 

5. Battery [46]. 

6. Ceramic filter [42]. 

7. Solar panel (Canadian Solar CS6X-305M) [47][71]. 

8. 40m long Polypropylene plastic pipes [72]. 

9. A concrete container that is 80 inches tall, 70 inches wide, 50 inches long[73] 

 [see Appendix M for more details]. 

10. Laminated steel body padlock [74]. 

11. DC to AC converter [49]. 

12. Hatch door [75]. 

13. Ultraviolet water purifier [43] 

 

Structure Changes: 

1. A 80 inches tall, 70 inches wide, 50 inches long hole in between the corn field and the 

shower house [see Appendix K]. 

2. Disconnect the sink pipe to the septic tank and reroute it to the greywater tank.  

3. A 3.875 inches hole at the bottom right of the concrete container for draining purpose. 

Installation: 

1. Workers are required to add bleach inside of the greywater container after everything is 

installed (except the ceramic filter) for the purpose of cleaning. 

2. The hatch door needs to be installed into the top of the concrete container. 

 

Labour Cost: 

1. Cost for digging a 80″ tall, 70″ length and 50″ width hole.  

2. Cost for contractors to pour concrete into the holes. 

3. Cost for re-routing the pipes. 

4. Cost for installing the hatch door.  
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2.4 Life Cycle and Environmental Impact 

Plastic production is a major contributor of burning fossil fuels, consuming “eight percent of the 

world’s oil production.” [76] Additionally, concrete production “accounts for 8-10% of 

greenhouse emissions” [77]. Since the greywater recycling design uses both plastics and 

concrete, these materials were the focus of the life cycle diagram (Figure 8). (See Appendix K 

for amount of concrete used).  

 

 
Figure 7: Life cycle diagram for greywater recycling system. [78][79][80][81][82] 
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Table 5. Positive Environmental Impacts 

Positive Environmental Impact Cause of Impact 

● Lower water consumption ● Reusing greywater 

● Increase in plant life ● Reusing greywater 

● Less use of public power supply ● Use of solar panel 

● Absorption of atmospheric CO2 ● Carbonation of concrete [83] 

 

Table 6. Negative Environmental Impacts 

Negative Environmental Impact Cause of Impact Mitigation Strategy 

● Decreased visual appeal of 

the environment  

● Concrete 

container on the 

SEEDS center  

● Shed construction to 

hide concrete 

extrusion 

● Toxic emissions [78][81] ● Plastic production 

and disposal 

● For future projects: 

use of bioplastics [84] 
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2.5 Human Factors 

The team analysed the user experience of the proposed design and identified key human factors 

addressed by the design such as the levels of human interaction with technology. Table 7 lists 

these factors. 

 

Table 7: Levels of Human Interaction with Proposed Design 

Level of 

Interaction 

Relevant Concerns Effect on Design 

Physical The user must enter hatch to clean 

filter and activate the pump. 
 

Average adult heights: 

● Male (South Africa):  

            169 cm [85] 

● Female (Zambia, age 25-49): 

158.5 cm [86] 

The underground hatch will be 80” 

(~203 cm) deep to allow for 

movement. 

Children aged 2-6 years have average 

heights ranging from 80cm - 120cm. 

[87][88] 

The hatch is covered by a door and 

is locked to prevent access and to 

prevent children from falling in. 

Psychological Adult literacy rate in Zambia: 61.4% 

[89]. 
 

Secondary school participation is low 

for males (38.2%) and females 

(35.6%) [89]. 

Operation of the design is intuitive 

to use and does not require 

complex inputs. 

(i.e. to distribute water, user must 

twist nozzle.)  

Organizational Rural areas in Africa do not have 

access to resources required for 

advanced agricultural technologies 

[90]. 

Use of easily obtainable materials 

that can be installed in other 

gardens. 

(i.e. standard garden hose, ceramic 

filter, solar panel, pump) 

*Note: The team concluded that there is no social level of human interaction as the design is 

simple enough to operate without further human collaboration. 
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2.6 Social Impact 

The implementation of the greywater gardening system will have social impacts on the Zambian 

community and the affected stakeholders. Table 8 expands on these impacts. 

 

Table 8: Design’s impact on major stakeholders 

Stakeholders Social Impact 

Zambia’s Ministry of Energy and 

Water Development 

Minimize water and environmental pollution: 

● Use of polypropylene pipes minimizes 

environmental impact [36]. 

● Ceramic filter and activated carbon minimize soil 

pollution by removing contaminants from the 

greywater [41][42]. 

Zambia’s Ministry of Agriculture 

and Livestock 

Promote implementation of new farming 

techniques/methods in Zambia (i.e. greywater recycling)  

World Health Organization 

(WHO), health related Non-

Governmental Organizations 

(e.g, USAid) 

Improve health status of people in Zambia: 

● Greywater is treated prior to use to prevent 

spread of diseases.  

● Allows for more flexibility with freshwater 

consumption from local borehole (i.e. for hygiene 

and drinking), while maintaining production of 

vegetables. 

Solar energy companies (e.g 

SunTech), solar related Non-

Governmental Organizations 

(e.g, SolarAid) 

Encourages use of solar panels and other renewable 

energy sources. 
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2.7 Economics 

This section details the design’s expenses.   

 

Table 9: Capital (Initial) Costs 

Cost Price ($ USD) 

Greywater tank (Easy-Drain Polyethylene tank, 30 gallon) [37] 190.77 

Filtered water tank (Steel drum, 30 gallon) [38] 90.52 

Nozzle [70] 11.56 

Hose (Weather resistant, 75ft) [50] 54.29 

Pump [45] 104.42 

Solar panel battery [46] 38.21 

Ceramic filter [42] 34.50 

Solar panel unit [47] 222.77 

Polypropylene piping [72] 782.4 

Concrete [73] 779.4 

Lock [74] 2.71 

DC to AC converter [46] 378.95 

Hatch door [75] 116.20 

UV disinfecting light [43] 363.00 

Total (nearest $10) 3,170 

Total after tax (a maximum of 16% if purchased in Zambia) [101] 3,680 

Total after tax and customs duty (a maximum of 25%) [101] 3,960  
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Table 10: Fixed Operating Costs: Known expenses over time 

Cost  Price  

Ceramic filter replacement $ 34.50 (USD) / year 

UV disinfecting light lamp replacement [102] $70 (USD) / year 

Labour 5,220 kwacha / hour 

 

Table 11: Variable Operating costs: Unknown expenses and time 

 Stuff Price ($ USD) 

Piping repair/replacement 782.4 

Pump repair/replacement 104.42 

 

Table 12: External Costs 

 Stuff Price ($ USD) 

Inconvenience to SEEDS volunteers during installation N/A 

 

 

3.0 Project Management Plan 

The last item that requires client action is the final presentation. This will be held in the Bahen 

building, room 1210, on April 28th, 10:15AM. 

 

4.0 Conclusion and Recommendation 

The team further worked on the proposed design in the CDS to provide a more detailed layout of 

the design. We believe that this is the best design that fulfills our client needs and therefore we 

recommend it to our client.  
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Appendix A: Functions Generation 

The design team first used functional decomposition to find the primary functions of the design. 

(See Figure 9) Afterwards, the design team used the Black Box method to discover secondary 

and unintended functions (See Table 13). 

 

 

Figure 8. Function decomposition chart. 

 

Table 13. Black Box method chart. 

Inputs  Output 

Mass 

- greywater 

- solid waste 

 Mass 

- greywater to surface 

- solid waste to septic tank 

Energy 

- solar energy 

- mechanical 

- human labour 

 

 DESIGN  

Energy 

- excess electrical energy 

- kinetic energy 

Information 

- amount of water needed 

per plant nursery per day 

- when to water plant 

 Information 

- plant growth and 

germination of seeds 
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Appendix B: Greywater Production Estimation 

Table 14. Calculation of approximate greywater production. *Note, an assumption that the 

SEEDS Mongu home’s water usage distribution is similar to a low income home in South Africa 

was made based on South Africa’s water consumption being almost double of Zambian water 

consumption per capita. [92] 

Step Value 

Avg. residential water consumed in Zambia (2014) 74 L/capita/day [93] 

Number of people in residence [interview] 2 - 25 people 

Avg water consumed by residence (taking lowest number of 

people) 

2*74 = 148 L/day 

Water used in baths, showers, cooking, washing dishes, laundry * 27 % [94] 

Approximate greywater produced by residence 148*.27 = 40 L/day 
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Appendix C: Water Usage Estimation 

Table 15 Calculation of approximate volume of water needed for a single unit garden in the 

SEEDS Mongu home. Note the unit cell terminology; a unit cell is the area associated with the 

recommended seed spacing multiplied by 5 feet because the recommended watering 

measurement is in per 5 feet. [95] 

Step Value 

Area of 1 garden (20/3m)(10m) = 66.7 m2 

Minimum area of cucumber unit cell (3ft) [96] (5ft) [95] = (1.524m)(.9144m) = 

1.39m2 

Number of unit cells (66.7m2) / (139.35m2) = 47.9 unit cells 

Amount of water per week (47.9 unit cells)(3.7854L/unit cell/week) [95] 

 = 181.19 liters per week 

Amount of water per day (181.19 L / week)/(7 days) = 25.9 liters per day 
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Appendix D: Objective Ranking 

The team used pairwise comparison to approximate the relative importance of each objective. 

 

Objectives List: 

1. Energy efficiency 

2. Theoretical water output 

3. Ease of operation 

4. Distribution coverage 

5. Security 

 

Table 16. Pairwise comparison chart 

 1 2 3 4 5 Total 

1 null 0 0 0 1 1 

2 1 null 0 0 0 2 

3 1 1 null 0 0 3 

4 1 1 1 null 0 4 

5 0 0 0 0 null 0 

 

Objectives List in Order of Importance: 

1. Distribution coverage 

2. Ease of operation 

3. Theoretical water output 

4. Energy efficiency 

5. Security 
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Appendix E: Idea Generation: 

This appendix shows the idea generation techniques used by the design team; namely, structured 

brainstorming, SCAMPER, and the morph chart. 

 

 

Figure 9. Idea Generation using the word “Filter/Clean” 
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Figure 10. Idea Generation using the word “Distribute” 
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  Figure 11. Idea Generation using the word “Transport” 
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Figure 12. Scamper Method using the irrigation system currently in place at SEED’s [67] 
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Table 17. Morph chart used during the solution generation phase. Note that only feasible ideas 

were transferred from the idea generation process to the morph chart. This chart represents the 

alternative selection process. 

Collect Store Treat Transport Distribute 

rewire pipes tank boil pipes hose 

containers flask sand filter vacuum mister 

condense 

vapour 

leaf cup chlorination electric pump sprinkler 

distill balloons activated carbon buckets capillary 

action 

  kitchen strainer phase change buckets 

  bleach trenches phase change 

  ceramic hand pump rain 

  charred animal bones archimedes's wheel manual 

pouring 
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Appendix F: Objective Weighting and Rubric 

Table 18. Weight Decision Matrix. Through team discussion, the following objective weights 

were decided based on the objective rankings (See Appendix D). 

Objective Rank (from pairwise comparison) Weighted Objective 

Distribution coverage 1. 35% 

Ease of operation 2. 30% 

Theoretical water output 3. 15% 

Energy efficiency 4. 10% 

Security 5. 10% 

                                                                              Total 100% 

 

The team also made a rubric to determine the rankings of the alternative designs out of 5: 

 

Distribution coverage 

For this objective, the minimum pass was defined to have a score of two, and the design would 

cover the area of one garden with no choice. The Area of one garden is found in Appendix C. 

 

 5. No limitation on coverage 

 4. Is able to cover the area of all gardens in the Resource Center 

 3. Is able to cover the area of one field with freedom of choice. 

 2. Is able to cover only one field. 

 1. Cannot cover the area of one field 

 

 

Ease of operation 

Although the objective goal was three inputs or less, the team decided that this goal should be the 

median to allow distinction between meeting and exceeding the goal. The rankings following this 

increased by one input each time, with a failure being five inputs or more. 

 

 5. 1 input or less 

 4. 2 inputs 

 3. 3 inputs, the objective 

 2. 4 inputs 

 1. 5 inputs or more 

Theoretical Water Output 
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The rankings were created by taking the estimated amount of greywater produced, subtracting it 

by the lowest amount and dividing it between the four remaining rankings (Rankings 2-5). The 

lowest ranking indicate a failure in meeting the objective goal. 

 

5. 40 L/day, the estimated amount of greywater produced by the home (Appendix B) 

4. 35 L/day 

3. 30 L/day 

2. 25 L/day, the lowest estimated amount of greywater required for a garden (Appendix 

C) 

1. Water output lower than 25 L/day 

 

Power efficiency 

To gauge energy efficiency, score five was given to any system that does not require electrical 

energy. Score subsequent scores represent the number of solar panels described in 1.3 of this 

document required to power the design in terms of wattages. 

 5. No electrical power needed 

 4. 0W - 200W (the objective goal of 1 solar panel with m2 area) 

 3. 200W - 400W (two panels) 

 2. 400W - 600W (three panels) 

 1. 600W - 800W (four panels) 

 

Security 

Security was measured based on the number of exposed components. The minimum number of 

exposed components is zero and is therefore the highest rank. 

 

 5. No exposed components 

 4. One exposed component 

 3. Two exposed components 

 2. Three exposed components 

 1. Four or more exposed components 
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Appendix G: Power Required 

This section calculates the power required to use the greywater recycling system. The pump 

requires 6 amps from a 120V source. [45] 

 

                Power=Voltage * Current 

                          = (120 V) * (6 amps) 

                          = 720W 

 

The UV light system draws 14W [43]. Hence, total power draw is 734W. 
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Appendix H: Diameter of coverage test 

“The collectors shall be placed on a level surface along 8 radii which are determined by lines 

extending from the sprayer at 45° angles. In the radii, the collectors shall be spaced at 0.25 m for 

sprayers with a diameter of coverage of up to 6 m, or 0,5 m for sprayers with a diameter of 

coverage greater than 6 m. The end of each line shall extend beyond the surface sprayed. 

 

 The sprayer shall be placed at the centre of these radii (see Figure 14). 

Figure 13: Setup of coverage test 

 

Operate the sprayer for a minimum period of 1 h at the test pressure as measured at the inlet of 

the sprayer.  

 

Measure the quantity of water in the collectors along eight radii from the sprayer to the most 

remote point at which the sprayer deposited water at one of the following minimum rates:  

a) 0,26 mm/h for a sprayer with a flow rate that exceeds 75 l/h; 

 b) 0,13 mm/h for a sprayer with a flow rate equal to or less than 75 l/h.  

Calculate the diameter of coverage as the average of the eight distances multiplied by two. ” [61] 
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Appendix I: Thickness of the concrete walls 

 

Dimensions of the container: 50″ width, 70″ length, 50″ depth  

Density of sand (using maximum value): 1602 kg / m3 [97] 

 

Pressure exerted by sand at 50″ depth:  

 

Psand = 1602 kg / m3 × g × (50″)(2.54 cm/inch)(0.01 m/cm)  

Psand = 19,959Pa 

 

Finding the load intensity (Wsand) for 50″ width: 

 

Wsand = (50″)(2.54 cm/inch)(0.01 m/cm) × Psand 

Wsand = 25,347.7 N/m 

 

Force exerted by sand:  

 

Fnet (width) = 0.5 × Wsand × (50″)(2.54 cm/inch)(0.01 m/cm) 

Fnet (width) = 16,096N 

 

Calculating the required thickness of the wall to sustain the force exerted by the sand, with a 

safety factor of 1.5:  

 

Let L = depth of the hole, b = width of the hole, and d = thickness of the wall 

 

σfs = (3 × 1.5 × Fnet (width) × L) ÷ (2 × b × d2) 

Using the minimum value for flexural strength, which is 3 MPa [98]:  

3MPa = 91,989 Nm ÷ (2.54m × d2) 

2.54m × d2 = 0.031m3 

d2 = 0.012m2 

d = 0.110m 

 

Hence, the thickness of the wall at 50″ width needs to be 0.110m (4.33 inches) to sustain the 

force exerted by the sand with a safety factor of 1.5.  
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Finding the load intensity (Wsand) for 70″ length (Psand is the same since the depth is still the 

same): 

 

Wsand = (70″ - 10″)(2.54 cm/inch)(0.01 m/cm) × Psand 

Wsand = 30,417.5 N/m 

 

Force exerted by sand:  

 

Fnet (width) = 0.5 × Wsand × (50″)(2.54 cm/inch)(0.01 m/cm) 

Fnet (width) = 19,315N 

 

Calculating the required thickness of the wall to sustain the force exerted by the sand, with a 

safety factor of 2:  

 

Let L = depth of the hole, b = length of the hole, and d = thickness of the wall 

 

σfs = (3 × 1.5 × Fnet (width) × L) ÷ (2 × b × d2) 

3MPa = 110,385 Nm ÷ (3.56m × d2) 

3.56m × d2 = 0.037m3 

d2 = 0.010m2 

d = 0.102m 

 

Hence, the thickness of the wall at 70″ length needs to be 0.102m (4.02 inches) to sustain the 

force exerted by the sand with a safety factor of 1.5. However, as the difference of the thickness 

between the two types of walls is 0.08m, we decided to have all the walls be 0.110m thick, in 

order to allow quicker installation of the design while still keeping a safety factor of 1.5 for all 

walls.  
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Appendix J: Specifications of the concrete cover (before hatch doors are installed) 

 

As the concrete cover will be on top of the concrete walls, the force that would cause the walls to 

buckle will be calculated:  

 

Walls with 4.33″ width, 50″ length and 50″ depth:  

 

Assume the origin of the bending moment axis is the centre of gravity of the concrete wall. Then, 

the centre of gravity of the concrete wall using its cross section (5″ width and 50″ depth) is the 

centre of the concrete wall. Then, the moment of inertia of the concrete wall is:  

 

Ix = (1/12) × (4.33″)(2.54 cm/inch)(0.01 m/cm) × ((50″)(2.54 cm/inch)(0.01 m/cm))3 

Ix = 0.0188m4 

 

F = nπ2EIx ÷ L2, E = modulus of elasticity, F = maximum force before the wall buckles.  

Modulus of elasticity of concrete (using minimum value): 14000MPa [98] 

Assume that the bottom end of the concrete wall is fixed, and the top end is free. Hence, n = 0.25 

[99]:  

 

F = 0.25π2 × 14000MPa × 0.0188m4 ÷ ((50″)(2.54 cm/inch)(0.01 m/cm))2 

F = 4.03 × 108N 

 

Using a safety factor of 2, the maximum force that the concrete wall can sustain would be  

2.01 × 108N.  

 

As the walls with 70″ length have the same dimensions for both width and depth as the walls 

with 50″ length, the maximum force will be the same.  
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Since the container has dimensions of 50″ width and 70″ length, the concrete cover would also 

have 50″ width and 70″ length in order to fully cover the container. As the density of concrete is 

2400 kg/m3 [98], the maximum depth of the concrete cover would be:  

 

F = mg 

2.05 × 107 kg = m 

m = volume × density 

m = ((50″)(2.54 cm/inch)(0.01 m/cm) × (70″)(2.54 cm/inch)(0.01 m/cm) × depth) × 2400 kg/m3 

8,537 m3 = ((50″)(2.54 cm/inch)(0.01 m/cm) × (70″)(2.54 cm/inch)(0.01 m/cm) × depth) 

depth = 3,781m 

 

As the maximum value obtained would render the design unfeasible, the depth of the concrete 

cover would be at most 7″, the maximum height of a single concrete step [100].  
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Appendix K: Total Volume and Price for the Concrete Container 

In this section, the amount of concrete that will be used in this project is calculated. The team 

calculated the overall volume and subtracted the empty space and the volume of the hatch door. 

 

Total interior volume of the container: 

50'' × 70'' × 50'' = 175,000in3 

 

Empty space inside of the container 

(50'' - 8.66'') × (70'' - 8.66'') × 50'' = 126,790in3 

 

The total amount of concrete that the team needs for the container walls is: 

175,000in3 - 126,790in3 = 48,210in3 

 

Volume of concrete cover (with hatch door installed):  

(50'' - 36.375'') × (70'' - 36.375'') × 7'' = 3,207in3 

 

Total concrete needed: 51,417in3 

 

Density of concrete [98] = 2400kg/m3 = 0.087 lb/inch3 

 

Mass of concrete:  

51,417in3 × 0.087 lb/inch3 = 4,473lb 

 

Price of concrete per bag [71] = $6.97/40lb bag 

 

Price of concrete: 

4,473lb × (0.174 $/lb) = $779.4 
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Appendix L: Map of SEEDS Resource Center, Zambia 

 

 
Figure 14: Map of SEEDS Resource Center 
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Appendix M: Size of the Concrete Container 

 

Size of the Greywater tank: 

Length: 21.75'' 

Width: 21.75'' 

Height: 33.25''  

 

Size of the clean water tank: 

Length: 19.25'' 

Width: 19.25'' 

Height: 29''  

 

Total Height: 

The team decided that the height of the container should be 80'' since the hole needs to be able to  

fit a average height person. In addition 80'' is higher than the highest tank that is required in this 

project. 

 

Total Width: 

Since two tanks are placed parallel to each other, the one with the longest width is being 

considered. The team also added an extra 20% of margin of error and a 40'' working space for the 

workers. 

 

21.75'' + 21.75'' x 20% + 40'' ≅ 70'' 

 

Total length: 

Sum of the length of two water tanks with a 20% margin of error. 

 

(19.25'' + 21.75'') + 20%(19.25'' + 21.75'') = 50'' 


