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Executive Summary

The purpose of this project was to develop a sustainable rainwater harvesting and solar
water heating system to assist in or completely fulfill the hot water needs of the in-patient
ward at Tenwek Hospital. The system was designed with sustainability in mind; minimal
environmental impact, low maintenance, and low operating cost. The following diagram
summarizes the operation of the proposed system.
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As the diagram shows, water is collected from appropriate buildings and stored in long-
term storage tanks. A first-flush system is included to allow the user to purge the system of
debris before storage. To satisfy the daily hot water demand, water is pumped up once a
day to an elevated storage tank by 10am, which is then gravity fed through an array of
active open-loop solar water heaters, heating the water to an average temperature of 45°C.
A constant flow regulator is installed at the outlet of the elevated storage tank. The heated
water is then stored in a thermally insulated storage tank to be used and delivered as
needed. This water could be used to supplement the existing electric water heating system,
or as the primary water heating system.

4000L Demand Case

Initially, based on correspondence with hospital personnel, the rainwater harvesting
system was designed to supply 4,000 liters of water approximately 95 percent of the time.
To meet this need, water needs to be collected off of the inpatient ward, maternity ward,
and hostel. Four 24,000 liter Kentanks placed behind the hostel are needed to ensure that
enough water is stored to compensate for a lack of water during dry periods. A 4,000L
elevated tank is needed to feed the daily demand through the heaters, as well as a 4,000L
thermally-insulated storage tank. The total cost for the system, including all tanks, gutters,
routing, and solar heaters, comes out to approximately $41,000. Taken over a five year
period, this equates to roughly 0.6 cents per liter.

Cost Optimization

With this baseline design established, an investigation was undertaken to determine the
most cost-effective design based on the available building collection areas. The following
table summarizes the total system cost and five-year cost for the most optimal cases.
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- Daily Total |[Total Syster| System Cog
Case 1 Buildings
Supply (L)Storage (I Costs |(Cents/L) **
0* | Maternity Ward, Inpatient Ward, Hostel 4000 96000 $41,044 0.5918
1 Maternity Ward, Inpatient Ward, Hostel 3100 54000 $26,299 0.4893
2 Maternity Ward, Inpatient Ward 2700 48000 $20,957 0.4477

* Overall system meeting 4000L demand

** Over a 5 year time span

In summation, the customer will need to choose the daily supply that best fits their needs,
and then refer to the report for the details of the system (number of solar collectors,
expanded capacity, number of tanks, etc.). A webpage on the GlobalHub site also includes
simulation programs and additional information to assist in specific system design. This

can be found at <https://globalhub.org/groups/tenwekproject>.
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1.0 - Introduction

Water is a crucial resource no matter where you are in the world. It replenishes the
Earth during storms through rain. The rain can often be harvested for various uses to
either supplement current supply from other sources or replace these other sources all
together. Some very common uses for rainwater include but are not limited to irrigation,
bathing, and drinking. In Africa, water is an especially valuable resource as many areas
experience one or two dry seasons every year. Rainwater harvesting is becoming an ever
more popular practice in this area of the world.

At Tenwek Hospital in Bomet Kenya, there currently is not enough water available
to meet the full demand of the in-patient ward. More specifically, there is a need for heated
water for the in-patient ward that would be used for bathing, laundry, and the cleaning of
utensils. For many of these operations, hot water is most desired. Solar water heating has
been implemented to partially meet the demand for hot water. Electric water heaters are
also utilized to supply hot water to the in-patient ward. Even with these two heating
options combined, the in-patient ward only receives about half of the total demand. From
this need and demand for an increased supply of hot water, an engineering project was
developed.

1.1 - Background Information

When Dr. E. Dan Hirleman, who is the Head of Mechanical Engineering at Purdue
University in West Lafayette, Indiana, United States of America, was visiting the hospital,
several different projects were proposed as a result of thA OE OE 08 YT AOAAOGET ¢
supply of water through the implementation of a rainwater harvesting system was one of
the projects. Another project that was proposed was to design a solar water heating
system for the Tenwek campus to meet the hot water need for the in-patient ward. There
were several other projects that were also developed to help assist and benefit the hospital.

1.2 - The Project

A team of five mechanical engineering students at Purdue University wanted to take
on the challenge and combine both of these projects into one. The mission statement that
was developed for this specific project is as follows:

O$AOGAT T D A OOOOAET AAT A OAET xAOAO EAOOAOOET
with the capability to accommodate varying priority demands to sufficiently )
fulfill the hot water needs forthein-D AOEAT O xAOA AO 4AT xAE (1 OFE

For this project, the engineering team is responsible for designing a complete rainwater
harvesting, and solar water heating system that will have the capability to meet an entire
AAUGO AAIT AT A 1T £ Elpddientxwhr@.A Ohe fbl Qlesign Bl inklide
specifications for all the necessary hardware that will be needed to fully implement the
entire system. Also, the system will be analyzed and optimized in order to show the cost
breakdowns of the system, as well as the tradeoffs of the different potential sizes of the
system. The economics involved in both of these projects will also be examined in the
process.
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1.3 - The Team

The engineering team is made up of five senior mechanical engineering students
who are using this project as their capstone design project. Dr. E. Dan Hirleman serves as
the main advisor for this project, with Professor John Nolfi

serving as a consulting engineer for the project. Every

member of the team is also a member of Engineers for a AP
Sustainable World (ESW), which is an international |,
organization that is devoted to improving both the quality of | Environment vire R

life and quality of the world through engineering solutions \

that advance social, economic, and environmental Figuré 1- Three pillars of Sustainability
sustainability.

1.4 - Initial Assessment Trip

After the team was established, and the project was outlined, an initial assessment
trip was made in June of 2009. Will Pierce, a member of the engineering team, and Dr.
Hirleman were the two representatives from Purdue University that were on the
assessment trip. The two of them obtained many photos of the campus, along with a good
knowledge of the current technologies used on the campus. These technologies include the
current water processing system and the current water supply situation. Both of them
came away with a good understanding of how the hospital operates on a day to day basis.
They were also able to establish several contacts at the hospital.

1.5 7 Engineering Requirements

For this project, there were various engineering requirements that were established
in order to properly design and size the system. One of the most important engineering
requirements is the daily demand for hot water. This requirement sizes the entire system.
The daily demand of hot water that was established for the in-patient ward at the Tenwek
Hospital was 4,000 liters. Another engineering requirement that is crucial for designing
the solar water heating system is the delivery temperature of the hot water. We
established a delivery temperature of 45 °C

1.6 7 Design Goals

Along with the engineering requirements that were established, there were also
numerous design goals that were set. These included such things as designing the system
so that it is easily maintained and utilizes existing structures to harvest rainwater. The
system should also have a minimal environmental impact. It should also require minimal
manpower to operate the system.

2.0 Z Overall System Design

For the system we were designing, there were essentially two subsystems: the
rainwater harvesting system and the solar water heating system. Each of these subsystems
was designed and then optimized for the Tenwek Hospital campus. The complete system is
outlined in the figure below.
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Figure 2: Complete System Design

The water is first collected from the roof surfaces of several existing buildings. After
analyzing the campus and the existing buildings and layout, we decided to harvest water
from the in-patient ward, the maternity ward, and the hostel. Once the water is harvested,
it travels through the building gutters and into a piping system where it is transported to
the rainwater storage tanks. A first flush system is utilized and is operated after long
periods without rain. This helps flush out a lot of dirt and debris that accumulates on the
roof surfaces. It helps maintain water quality and keeps the tanks cleaner. Once the water
is stored in the tanks, it is then pumped up to an elevated storage tank on a daily basis.
This elevated storage tank feeds the water through the solar water heating system, which is
located on the roof of the in-patient ward. Once the water passes through the solar water
heating system, it is then delivered to a thermal storage tank. Once the water is in the
thermal storage tank, it is ready for use. It can either be drawn directly out of the tank or
tied into the existing delivery system.

2.1 7 General Assumptions

During the process of designing and sizing the complete rainwater harvesting and
solar water heating system, all of the components for the entire system were specified with
the size, quantity, and cost. Since obtaining detailed price and availability information for
local materials in Kenya has proven to be very difficult, the team used readily available
materials and components that are found in a typical hardware store in the United States.
With this said, virtually all of the components in our system can be substituted with similar
products that are readily available in Kenya. Also, the system was optimized and analyzed
with a variety of components. However, the selection may be limited in Kenya, so the
actual performance of the system may vary slightly with the material and component
selection.

When the team was designing the complete system, there were several general
assumptions that were made. One of these assumptions was the collection surfaces. It was

December 6, 2009 Tenwek Water Project 7
Final Report z Final Draft



assumed that it would be acceptable to harvest water from the in-patient ward, the
maternity ward, and the hostel. It was also assumed that the in-patient ward was fitted
with gutters and that the maternity ward and hostel do not have gutters. Another
assumption that was made was the location that we selected for the rainwater storage
tanks. We assumed that the location that is outlined in the figure below by a red box would
be an appropriate location for the rainwater storage tanks.

Maternity
Ward

Planned Site of
Rainwater Storage Tanks

In-Patient
Ward

Figure 3: Campus Layout

We also assumed that the roof structure of the in-patient ward was sufficient to support the
load of the entire solar water heating system.

2.2 7 System Layout

In order to design the system and estimate the required amount of materials that
would be needed to build and install the complete system, we created a computer model of
the campus. This allowed us to determine all of the necessary components needed for the
system, as well as bring up any potential issues with our system design. The system utilizes
several existing buildings to collect water from and also utilizes these same building to
route the piping. The piping is affixed to the side of the buildings and is routed to the
rainwater storage tanks. In order to get the water to the elevated storage tank, the piping
is again routed along the buildings to the tank. Water is then fed through pipes on the roof
of the in-patient ward to the solar water heater. In the following section, the rainwater
harvesting and storage portion of the system will be discussed in greater detail.

3.0 Z Rainwater Harvesting & Storage

This section will highlight the components that will be needed for the rainwater
harvesting system that will provide the 4,000 liters per day demand more than 90 percent
of the time. A cost optimization will also be presented in section 8.0, Design for Cost
Optimization. This section will highlight the most cost efficient method of harvesting, based
on the collection surface areas.

December 6, 2009 Tenwek Water Project 8
Final Report z Final Draft



3.1 - Collection Surfaces

In order to design the rainwater harvesting and solar water system, we first had to
establish which buildings would be available to be used to harvest water off of. After
performing some analysis to find the necessary surface area that would be required to
reliably meet a daily demand of 4,000 liters, it was determined that an approximate surface
area of 2,000 square meters would be required. We examined all of the existing buildings
that we could potentially harvest water from and came up with a combination of three of
them that would be used. These three buildings include the in-patient ward, the maternity
ward, and the hostel. These three buildings were picked, in part, to the relative vicinity
that they are to one another. The in-patient ward and the maternity ward both have large
surface areas, making them very desirable buildings to harvest from. The hostel was
needed to meet the necessary surface area requirement, and because it was close to the
other two buildings. Even though the surgical center is located near the in-patient ward, it
was not selected as a building to harvest water from because water is already partially
harvested off of the roof. Since we do not have sufficient knowledge of what portions are
being used or how the water is routed from the building, we chose not to analyze this
building. However, if water can further be harvested off of that building, then it would be
able to provide more water, which would supply a greater percentage of the daily demand.
The three buildings that were analyzed are shown in Figure 4.

Figure 4: Collection Surface Areas

3.2 - Routing system

After rainwater falls on the rooftops of each of the collection buildings, it will be
collected by means of the gutter system. Gutters will have to be installed on buildings that
AOOOAT O U ATT160 EAOA COOOAO OUOOAI 68 )1
have to be installed on the maternity ward and the hostel, and it was assumed that gutters
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were already installed on the in-patient ward. The gutters can be obtained from local
supply shops and can be installed according to local standards and methods.

After water is collected in the gutter system, it needs to be routed by means of
downpipes shown by (5) in Figure 5. It is recommended to install downspout strainers
shown as (13) in Figure 5 to prevent larger debris from entering the storage tank. If
downspout strainers are not available, a mesh screen should be placed at the inlet of the
ATl x1 OPT 008 | Al x1 0PI 6O OF 66 o06# Al OPIETC xEI
through a PVC network to the final output. The PVC piping network is shown in red on
Figure 4.

Figure 5: Gutter System Components

The piping has to be installed at an angle in order to allow water to flow under the
force of gravity to the final collection storage tanks. This angle is recommended to be at
least % of a degree sloped towards the output tanks. In order to keep the piping in place,
brackets should be installed every meter of piping. A detailed recommendation of the
gutter network can be found in Appendix A.

3.3 - First Flush System

The first flush system is shown in Figure 6. After long periods without rain (2 or
more weeks), dust and other debris can accumulate on the roof surfaces. When it starts to
rain again, the collected water can be very dirty, and in order to prevent fouling of the
water in the storage tanks and potential damage to pumps upstream in the process, this
water needs to be routed away from the storage system. During normal operation, the ball
valve remains shut. However, when it starts to rain after two or more weeks without rain,
the valve should be opened until the water that comes out of the outlet is clean. It will then
need to be manually closed to reroute the water to the storage tanks.

December 6, 2009 Tenwek Water Project 10
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Figure 6: First Flush System

3.4 - Storage Tanks

Plastic Kentanks are recommended for storage due to availability and ease of
installation. In order to provide the daily demand of 4,000 liters over 90 percent of the
time, four 24,000 liter Kentanks will have to be installed. The chosen site for installation is
behind the hostel. The schematic for the storage tank system is shown below in Figure 7. A
concrete foundation will be needed to provide a level foundation for the Kentanks. If there
is not enough room, a contractor can be used to build an underground Ferro-cement tank.

Figure 7: Rainwater Storage Tank System

| EOAO OEA AEOOO A&l OOE OUOGOAI R A ad Of 1
towardsthetal EO AU 1 AAT O T £ 16 06#8 30DDPI 000
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DPEPEI ¢ ET DI AAA8 7A0AO xEIIl A& 1x EI O OEA OAI
I AAOGA AAAE OATE AO OEA AT 00T i OEA p8bdore06# DE
entering the pump. At both the outlet and inlet of each tank, there will also be a valve that

can be used to control the flow in and out of the tank. This would be useful when cleaning a

tank or isolating a tank. Overflow piping will be needed on the two of the tanks as shown in

the schematic. Also, there will be valves located at both the inlet and outlet of each tank.

This will be useful for tank maintenance. It will also be useful in case water needs to be

diverted out of the storage tank for other uses than heating.

3.5 - Maintenance Procedures

In order to keep the system in good working condition, the gutters should be
checked for debris once a year. Any debris such as sticks or leaves should be removed from
the gutter system. The screens over the downspouts should be cleaned off as well during
this time. In order to maintain good water quality, the tanks should also be flushed out and
cleaned at least once a year.

4.0 7 Water Transport

The transportation of water is very crucial to the success of the solar water heating
system. The output temperatures are dependent on the flow rate and must be regulated to
ensure proper delivery. An input of energy is also needed to supply the water through the
system. To make the system as sustainable as possible, the design process as follows was
performed and components were chosen. In the proceeding analysis, the piping connecting
the systems will consist of 0.03 meter diameter PVC piping. However, this can be
substituted with a more locally available pipe if needed.

4.1 - Routing Water to Elevated Water Tank

In order to minimize the amount of electricity used to run the solar water heating
system, an elevated 4,000 liter Kentank will be used. The tank will be filled to full each
morning. The water will then be heated throughout the day while it is transported through
the solar water heating system and into the heated water storage tank. The tank will allow
for gravity to supply the necessary flow for the system. The first step for this system to
work is to supply the water from the rainwater storage tanks to the elevated Kentank. To
do this, a water pump will be used every morning to supply the daily water demand to the
Kentank. With the help of the gravity fed system, the pump will only be needed to be used
for a short time each morning.

There are multiple benefits with using a pump to fill the Kentank for a short time
period each day. It will decrease the amount of electricity required as the pump will not be
used the entire day to supply water to the solar water heaters. The pump will also be
allowed to be run at its peak performance as the flow rate of the solar water heating system
is not dependent on the flow rate of the pump. A desired flow rate range will be used,
however, in the pump selection as the amount of time required to fill the elevated Kentank
will be important. For the design to supply all of the patients, a reasonable time to fill the
Kentank with 4,000 liters of water in the morning must be achieved. In order to find a
pump to be the most efficient for the system, a system analysis was performed.
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4.2 - Pump Performance

In order to find a pump for the system, the required head for the system had to be
found. The head of the system is the height the water can be transported at a certain flow
rate within the system. This height is dependent on the system. The head of the system is
calculated using the Bernoulli Equation and a more in-depth look of this analysis may be
found in Appendix C-2. The system head is affected by the initial elevation required to
transport the water. This is known as the static head. Additional head is created by the
flow of the water through the pipes on its way to the destination. Friction within the pipes
as well as bends and valves will require more energy to deliver the water. The effect of this
additional head is dependent on the flow of the water. A simulation was done using the
Bernoulli Equation to create a curve of the amount of head required to fill the elevated
Kentank against the flow rate of the water to the Kentank. This curve will be used as a tool
to find the best pump to be ran at its peak performance for your water delivery needs.

Pump Performance Curve:

40 T === Required
35 I with
¥ Xptank
30 I ——
E 25 I e B
T 20 t
o) T
T 15 7 C
10 |
T D
5 1
0

0 0.1 0.2 0.3

Flow Rate (m”3/min)

Figure 8: Pump Performance Curve

As seen in Figure 8, the required head to fill the Kentank at a certain flow rate is
shown as a dashed line. This curve was solved for with the simulation. As the flow rate
increases, the head increases due to the factors mentioned previously. To find a pump to
meet your needs, it is first required to find the pump performance specifications. This is
typically provided from the pump manufacturer or pump distributor. Examples are shown
from A-E in the figure. The pump performance curve should intersect the system curve.
When choosing a pump, it is desired to run the pump at the flow rate where the pump
curve is intersecting the system curve. This will ensure that the pump is running at max
efficiency. When the pump curve is above the system curve, energy is wasted as you are
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supplying more head than required. If the pump curve is below the system curve, that
pump will not provide enough head to supply water flow in the system.

Another decision that has to be made is how much time in the morning will be
allowed to fill your elevated Kentank. Depending on the amount of water to supply and the
time it takes to fill, a certain flow rate must be used. Knowing this and finding a pump that
intersects the system curve are the most important factors when choosing an efficient

pump.

For our current design, a Dayton, % hp centrifugal water pump was chosen to fit the
needs of the system. If ran at its peak performance, it would only take 37.8 minutes to fill
the elevated Kentank. It would also run with an efficiency of 64.2%. This pump is from an
American dealer and was used as a guideline for pump pricing and performance. For the
actual system, further pump selection would be needed. Overlaying pump performances on
the system curve from pumps selectable from Kenya would be beneficial. Following the
guidelines as stated will allow for a final pump to be found when the system is
implemented. The simulation spoken of previously will also be available online to be used
if needed on Globalhub.org.

4.3 - Gravity Feed System

Once the water is transported to the elevated Kentank, it is now ready to be run
through the solar water heaters and be heated to the required temperature. Unlike the
transportation system used to supply the Kentank, this system will not require an input of
electricity. Through the day, gravity will feed the water through the solar water heating
system due to the static head within the Kentank. Once again, a simulation was performed
using the Bernoulli equation to see if the static head from the tank would be enough to
meet desired water flow rates. This analysis and results may be seen in the Appendix C-4.
To meet the desired output temperature needed, a flow rate of 0.155 kg/s is required
through the solar water heating system. The flow rate that will be attained from the
elevated Kentank had an average value of 0.675 kg/s. In order to reach the required flow
rate, the location of the elevated Kentank and regulation of the flow must be considered.

4.3.1 - Location of Elevated Tank

In order to get a flow initiated, the elevated Kentank must be higher than the output
of the solar water heating system. To meet this requirement, the elevated tank will be
mounted on the roof of the in-patient ward next to the heated water storage tank. In order
to create static head and a flow rate, the elevated Kentank will be elevated at 2 meters
above the heated water storage tank. As previously mentioned, the simulation has shown
that flow rates will be high enough to allow for the system to function.
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Figure 9: Location of Elevated Supply Tank (Kentank) and Heated Water Storage

4.3.2 - Water Flow Regulation

To meet the flow rate required for the system, a Mark 130 Constant Flow Regulator
by Jordan Valve will be used. This regulator will allow for the flow of the water to be
adjusted from 0.063 to 0.63 kg/s. The water flow is controlled by a knob directly on the
water flow regulator. When first implementing the flow regulator, a calibration must be
performed to ensure you are receiving the flow rate that you are selecting. For the
calibration, use a bucket or a tank of a known volume. With it empty, begin to fill it up from
the port that would normally be going into the heated water storage tank. As soon as it
begins, begin a timer to measure how long it fills up. To know the flow rate, convert the size
of the bucket you have from a volume to a known amount of mass of water that it would
take to fill it up using:

m=Vp
Where:
m = Mass of Water in Bucket
V = Volume of Bucket

k
p = Density of Water (1000 m—g3)
The flow rate will then be the mass calculated divided by the time it took to fill it up.

Important documentation on the Mark 140 Constant Flow Regulator can be found in
Appendix D for future use.
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4.4 - Maintenance Procedures

In order to keep the water transportation system running efficiently, some
maintenance will be required over time. As pumps are ran, dirt can accumulate in the filter
which will limit flow. The water pump filter should be checked periodically for cleaning
and repair if needed to increase the life span of the pump. The elevated Kentank should
follow the same maintenance schedule as the Kentanks used and mentioned for the
rainwater collection system. The final component to be checked yearly will be the flow of
the water through the flow regulator. The flow will need to be checked over time to ensure
that the flow rate reaches the required value.

4.5 - Heated Water Storage

The final component of the water transport system is the heated water storage. The
heated water storage tank will need to be able to hold almost the whole day worth of
supply to account for the case of no one using the water for that day. The storage tank will
also need to hold in the heat of the water so that it will not become too cold for use later in
the day. In order to meet these needs, a H975 Silicon Solar water tank will be used. As
mentioned previously, it will be located on the roof of the patient ward next to the elevated
Kentank. A direct line from the heated water storage tank will be available to the patient
ward to allow for hot water accessibility. It was unknown during this design whether or
not if the current water that is heated at Tenwek is mixed with cold water in the lines
before use. If the hot water is currently mixed, then the new solar water heating system
should replace the old system. If there is no hot and cold water mixing in the lines before
disbursement, then extreme caution must be taken. Due to the nature of the solar water
heaters, during the middle of the day when the solar flux is at its peak, output water
temperature may be beyond scolding temperature. Caution should be used at all times
when using water from the heated water storage tank.

5.0 7 Solar Water Heating
5.1 7 Basics of Solar Water Heating and System Sizing

The recommended solar water heater is called an Active Open-Loop Solar Water
Heater. An example of such a unit is shown below.
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Figure 10: An example of an Active Open-Loop Solar Water Heater (Source: SunEarth.com)

These water heaters absorb solar radiation and transfer this energy to the water as it
passes through the collector. Solar energy passes through the glass cover and is absorbed
by the copper plate. This copper plate has tubing running through it that will transfer the
thermal energy to the water as it flows through the collector. As one does not have control
over the amount of energy the sun provides, it is necessary to design the system with a
certain collector surface area and a certain flow rate of water through the collector to
achieve the desired output temperature. Generally speaking, increasing the number of
panels increasesthe collection surface area, increasingthe amount of energy that can be
collected by the flat copper plates. Likewise, decreasing the flow rate of water through the
panel allows the water to absorb more energy, thus increasing the output temperature of
the water. Thus, a balance must be attained between these two design parameters in order
to design a system that will meet the hot water demand.

The target temperature for the system was set at 45°C, and the inlet temperature of
the water was assumed to be the average air temperature in central Kenya, 20°C. The flow
rate of water through the system is determined by specifying the amount of water that is
desired per day, divided by the acceptable time period over which the water is delivered.
With this flow rate and the target temperature now defined, the number of panels
necessary can be determined. A program that will be available to the customer will be
provided to assist in this determination.

The following table displays collection surface area for the seven cases of hot water
supplied per day, for distribution periods of two, four, and six hours.
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Table 1: Total Collection Area Necessary to Heat Water to Desired Average Temperature

Distribution Period
Case 1 Building(s) Optimal Daily Demand (L|{2 Haurs|4 Hourg6 Hourg
1 Inpatient Ward 1300 29 15 12
2 Maternity Ward 1400 32 17 14
O
3 Hostel 500 12 6 4 =3
8
4 All Three 3100 N/R 36 28 g'
=
5 Hostel, Maternity Ward 1900 N/R 21 18 8
, >
6 Hostel, Inpatient Ward 1800 N/R 20 17
7 Maternity Ward, Inpatient Ward 2700 N/R 30 21

This table can be used to determine the number of solar water heating units necessary to
heat the water to an average temperature of 45°C. Since the surface area of each solar
panel varies by manufacturer, the actual number of solar water heating units necessary
varies by design. Therefore, to determine the needed number of solar water heating units
of a certain type, the total collection area for the desired amount of hot water and the
desired distribution period must be divided by the surface area of the chosen solar water
heater.

As an example, say the solar water heater unit that is chosen has a surface area of
2 m2. If the desired amount of hot water per day is 1800 liters, and the desired distribution
time is 4 hours (the case in yellow in Table 1), the number of necessary collectors would be
20 m?2/2 m2= 10 solar water heating units. These units are linked together then, as shown
in the following figure.

Figure 11: Open Loop Active Solar Array
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As previously mentioned, the water is fed by gravity from the elevated storage tank
through the panels, is heated, then deposited in the hot water storage tank for use.

5.2 7 Solar Water Heater System Performance

Since we are fixing the flow rate of the system, the output temperature achieved by
the system is completely controlled by the number of collectors and the solar radiation
input. The number of collectors recommended in the previous section was designed based
on a complex model of the solar flux variation throughout the year in Bomet, which also
takes into consideration the most frequent occurrence of cloud cover for each month in the
year. The system was designed to meet the desired output temperature in the worst case
month, that is, the month that had the lowest solar radiation and the highest occurrence of
cloud cover. This approach ensures that the system will provide the temperature of hot
water desired for the majority of the time. Due to the nature of solar energy, which varies
throughout the day and by time of year, and the fact that the flow rate of water through the
system is fixed based on the volume of water and the distribution time, the temperature of
the heated water will vary throughout the day based on the cloud cover and time of year.
The following figure shows the output temperature of the system for a system designed to
output 4000 liters of hot water over a 6 hour period, requiring 11 collectors with a surface
area of 2.97 m2.

Hot Water Delivery Temperature Profile for Constant Flow Rate
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Figure 12: Temperature Profile for 4000L, 6 hour distribution period system with a start time of 10am for
different months throughout the year
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As Figure 12 shows, the system was designed so as to provide the desired water
temperature even in the months where conditions are not optimal, such as July when the
solar radiation for Bomet is at a minimum for the year. This necessitates that in months
where the solar radiation is stronger, the output temperature will be higher than the target.
[t was determined that it was better to miss high than to miss low, so to speak, as the water
can always be cooled to the desired temperature, or mixed with colder water, before use. It
is also important to note that at times where the cloud cover is heavy, the temperature will
be lower than it would be if there were no clouds, which is shown in the figure for October,
where the most frequent occurrence is that it is cloudy at noon.

5.3 7 Mounting the Solar Water Heating System

The distributors of active solar water heaters also sell mounting hardware for their
systems. This mounting hardware fixes the panels on racks which ensure that they are all
mounted securely and properly, in relation to each other and to the environment.

Mounting the solar water heating system correctly is crucial to ensuring the most
efficient and effective system performance. First, the system must be mounted facing due
north, such as it is in Figure 4. This ensures that the panels see the maximum amount of
solar energy throughout the year. It is also of crucial importance that the panels
themselves be mounted at a tilt angle of 5° from the horizontal, as shown in the following
figure:

Front

R
f—
Figure 13: Side view of the solar array, denoting the front of the mounting system and the proper 5° tilt angle.
The system should be securely mounted to the roof, and the feet should be firmly
bolted to the roof to ensure that the mounting system is fixed for any weather variation.

Each collector should have approximately 1-2 ft of space between itself and the adjacent
collector.
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5.4 7 Maintenance of the Solar Water Heating System

To ensure that the system is operating properly, the panels should be cleaned of
debris frequently to ensure that the maximum amount of solar energy is available to the
panels. Periodically throughout the year, a general inspection of the system should be
performed during system operation to ensure that none of the interconnecting pipes or
panels leak, and that the system in general is operating correctly.

6.0 Z Water Delivery Options

Once the water has reached the thermal storage tank, it is then available for use.
There are several delivery options that we have developed. These options depend
significantly on the current delivery system, which we have very little knowledge about.
They are also somewhat dependant on the location of the storage tank. We had planned to
locate the storage tank inside the in-patient ward, in a utility room. We were thinking that
the storage tank would be located near the existing electric water heaters. Having the
storage tank located near the electric water heaters would be very beneficial, as the electric
x AOAO EAAOAOO AT OI A OAOOA AO A AAAEOD OUOOAI
desired temperature.

The first delivery option that we came up with would be to draw the water directly
from the storage tank. This would make the system easier to install and operate. Another
option would be to have the thermal storage tank integrated into the current water supply
system to the in-patient ward. This would be dependent on the layout and process of the
current delivery system. The benefit of this option would be having the electric water
heaters as a backup. This option would be most desired since the water supply
infrastructure would already be in place.

7.0 7 Cost Analysis for 4,000L Demand

After the entire system was designed based around a daily demand of 4,000 liters,
all of the components were priced. The total cost to implement the entire system on the
Tenwek Hospital campus comes to a total of $41,044 U.S. dollars, which is equivalent to
3,071,268 Ksh. This cost is based off of materials and components that are readily
available in the United States. Everything in our system was designed and priced based
around components that are easily obtained in the United States. We feel that the price for
the complete system will be lower when implemented in Kenya for several reasons. Some
of the components that were chosen for the system are things like the gutter system.
Gutter systems in the United States are more expensive than those in Kenya because they
are designed to be more fashionable than functional.

There are several things that are not factored into the system cost. These include
the transportation costs of the materials to the Tenwek campus. The cost of labor and
installation are also not included. The concrete base for the rainwater storage tanks was
also not included. This can be substituted with some other level base, but the cost has not
been included in our analysis. Also, for the elevated storage tank that is located on the roof
of the in-patient ward, the 2 meter stand was also not included in the analysis. This can
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either be built by an independent contractor or by the Tenwek maintenance and grounds
crew.

8.0 7 Design for Cost optimization

After we designed the system for a daily demand of 4,000 liters, we optimized the
overall system for cost. Seven different cases were examined, based on the three buildings
that were chosen to harvest water from, which were the in-patient ward, the hostel, and
the maternity ward. In the table below, the analysis of the seven cases is summarized.

Table 2 - Cost Optimization Cases

- Optimal Daily | Tank Siz¢ Total System| System Cost P¢
Case Building(s) Demand (L) (L) Costs Liter **
o* All Three 4000 96000 $41,044 $0.59
1 Inpatient Ward 1300 19000 $10,158 $0.45
2 Maternity Ward 1400 33000 $15,439 $0.64
3 Hostel 500 13000 $7,405 $0.85
4 All Three 3100 54000 $26,299 $0.49
5 Hostel, Maternity 1900 45000 $20,334 $0.62
Ward
6 |Hostel, Inpatient Ward 1800 30000 $14,980 $0.48
Maternity Ward,
7 Inpatient Ward 2700 48000 $20,957 $0.45

* Overall system meeting 4000L demand
** Over a 5 year time span

For each case, there was an optimal system cost that was derived from the cost of the
rainwater storage tanks, the cost of adding gutters and piping, and the cost of the pumps
and solar water heating units. The main cost that was optimized was the cost of the
rainwater harvesting system. Based on the surface area of the catchment area for each
particular case, an optimal tank size was identified based on the system costs. From this
tank size, and the overall surface area for each case, an optimal demand was derived. This
demand represents the maximum demand that can be satisfied with a reliability of 95
percent. In the figure below, the total cost is shown, as well as the entire breakdown of each
cost.
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Figurel4: Cost Optimization

From this cost breakdown, one can gain a better understanding of which case is the most
economical. As far as the most economical situation goes, it is apparent that supplying a
daily demand of 3,100 liters of heated water provides the user with the most water for the
lowest price. The water is collected from the in-patient ward, the maternity ward, and the
hostel. These costs are all bases on the assumptions that have been made throughout all of
the analysis. The main assumptions that have the largest impact for the cost analysis are
that the in-patient ward has a sufficient gutter system and that both the hostel and
maternity ward will require a gutter system to be added. Again, all of the costs are based
on U.S. currency and U.S. based products. In both Table 2 and Figure 14, the values
presented are in U.S. currency. This cost analysis was performed to both provide a better
understanding of the cost of the entire system, as well as to provide potential options for
implementation. The system could possibly be implemented in stages, adding capability in
a building-by-building process.

9.0 zZProject Conclusions

In conclusion, we are confident that our analysis and final design will sufficiently
meet the needs of the Tenwek Hospital campus. The next steps that we see for this project
would be the actual procurement of materials and products that are locally available.
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These would include everything from the solar water heating units to the pump used. It
would also include the gutter and routing systems and the rainwater storage tanks. Design
programs will also be made available to the Tenwek staff and future design teams to assist
in the development of a specific system once final specifications of such parameters as daily
water demand and desired water temperature are defined by the customer.
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Appendices
Appendix A: Detailed Routing Network

Figure 1: North Side of the Maternity Ward

Figure 2: South Side of the Maternity Ward

Figures 1 and 2 show the gutter and piping network associated with the maternity
xAOA8 4EA OI 1 PA T £ OEA o6 06# DEDPEIC EO A@GACC
slope in the direction of the tanks at a % degree to a %2 degree slope. Downspouts should be
placed approximately every 3-6 meters. It is critical from an efficiency standpoint to have
frequent downspouts as this reduces the losses due to gutter overflow. On the far left side
of figure 1, pipes from both ends of the building converge into a tee. A detailed image of this
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is shown in Figure 3. Both of these pipes must be sloped downwards at approximately %
degree.

Figure 3: Piping from Maternity Ward to In-patient Ward

Once the pipes converge, a single pipe is shown floating in the air between the
maternity ward and in-patient housing. In reality there is a pathway between the two
buildings at this location. The piping can be routed along this pathway. As mentioned in the
AT AU T £ OEA OABm@GOHe added evddybnieteritol pfdvide stability of the
piping network.

Figure 4: West Side of the In-patient Ward (side next to the new surgery center)

In figure 4, the gutter network along the east end of the in-patient housing is shown.
There is an obstruction shown as a block that attaches the in-patient housing with the new
surgery center (far right of the figure). This obstruction prevents piping from being laid on
OEA E£AO AT A 1T &£ OEA AOEI AET C8 006 06 #ateknfy
ward along the side of the building. On the left side of figure 4, the piping elbows and runs
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parallel to the piping from the maternity ward. These pipes will converge later in the
process line.

Figure 5: North & East Sides of the In-patient Ward

Figure 6: South Side of the In-patient Ward

Figure 5 shows that there is a piping network along the whole east end. This piping
slopes downwards %2 degree toward the storage tanks. Figure 5 also shows downspouts
connected to the gutters along the center portions of the roof on the north end of the in-
patient housing. A similar piping system will need to be added to the south side of the in-
patient housing as shown in figure 6. At the northeast corner of the in-patient housing, all
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of the piping from the maternity ward and in-patient x AOA AT T OAOCAO ET Ol
and the first flush system described in the body of the report.

Figure 7: North & East Sides of the Hostel

Figure 7 shows the piping network for the hostel. The piping network was
approximated since the roof structure of the building was unknown. On both sides of the
hostel the piping follows the same specifications as the other two buildings (at a %2 degree
angle sloped towards the tank and downspouts every 6 meters. Piping from both sides of
OEA ET OAl AT 1T OAOCA AO AT AT GCI A 11 OEAfirki OOE
flush system should be implemented where the two pipes converge. From there, the
collected water is routed to the main storage tanks and tees ET O fifEnk netwoérk
above the storage tanks.
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Appendix B: Rainwater Harvesting Simulation Process and Results

38 years of monthly rainfall data over a span of 50 years was obtained for Tenwek
Hospital. However, in order to provide an accurate harvesting model, daily rainfall data had
to be generated from the monthly data. This was done through the use of empirical data
correlating the number of rainy days in a month with monthly rainfall totals. In figure 1, a
correlation was found based on data from three different tropical sites around the globe 7
one of the sites being Saiya, Kenya. In terms of latitude, all three of the sites fall between
the equator and 14 degrees north.

30
25
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10

Wet days in month
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Monthly rainfall in mm

¢ Saiya m Bangkok A Panama e it line

Figure 1: Correlation of correlating the number of rainy days in a month to monthly rainfall totals.

[Source: UK Department of International Development.]
P= (R—’")Z 1
~ \800 (1)
Based on the best fit square root line from the correlation, the probability of it
raining on any given day of a given month, P, is given by the expression, (1). The term, Ry,
is the monthly rainfall total for that given month. After the probability P was found for each
month, rainfall days were assigned by using a random number generator to each day. If the

random number, X, is less than the probability, P on any given day, than that day would be
considered a rainy day.

r’" = R,In (X) (2)

The next step involved assigning rainfall magnitudes for each day. Based on
empirical data, the rainfall magnitudes follow a falling exponential distribution. This means
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the majority of the rainy days receive small amounts of rain and few days receive large

heavy rains. The magnitude of daily rainfall under this distribution pattern is shown in (2).

The X term is another randomly generated number between 0 and 1. The next step
involvedre-OA AT ET ¢ Al 1 OEA AAEOD OB OAINl HADO AN 10A A ABL
correctly to the given monthly total, R,,.

After the monthly rainfall totals were converted to pseudo-daily data, two different
kinds of analyses were used in simulating the rainwater harvesting system. The first kind
was a demand side approach. In this approach a set 4000 L daily demand was input and the
collection efficiency of 0.85 was added to account for any losses due to the collection area.
The simulation approach was done in daily time steps for varying tank sizes (between 0-
100,000 L in 1000 L increments). At the start of each time step, water was taken out of the
tanks. If the tanks did not have enough water, than all of the water left in the tanks would
be used. The fraction of total demand met was recorded for each day. After water was
taken out at the start of each time step, water would be collected if the day was a rainy day
at the rate of that shown in equation (3).

Water Collected = Collection Ef ficiency x Collection Area x Rainfall Total  (3)

Demand Side Approach - 4000 L Per Day
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Figure 2: Plot of the demand side approach given a constant 4000 L/day input.
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At the end of each simulation for a particular tank size, the overall fraction of
demand met was recorded and plotted. The plot is shown in figure 2. In order to achieve 95
percent demand met, given a 4000 L daily demand, all three buildings will be needed to
collect from. Four 24,000 L Kentanks would be needed to reach this high percentage.
Although it is possible to achieve the goal of 95 percent of demand met, it is not the most
cost effective system design. It can be seen from figure 2 that as the tank size is increased
beyond approximately 30,000 L, there are diminishing returns.

In order to determine the most cost effective system, a supply side approach was
used. In this approach, a percentage of demand met of 95 percent was input and the most
cost effective daily supply and tank size was output. The core of the simulation was similar
to that of the demand side approach. For each daily supply tested, the simulation ran
through a wide range of tank sizes (between 0-100,000 L in 1000 L increments) until the
demand met reached 95 percent. The corresponding tank size and tank cost per daily liters
supplied was output. By tank cost per daily liters supplied it is meant the overhead cost
needed to supply xx liters of water every day for the lifespan of the system. Say the life span
of the system is 30 years; the overhead cost per liter of water supplied at 95 percent daily
demand can be found by dividing the output ratio, tank cost/daily liters supplied, by
number of days in a 30 year period. Figures 3-9 show the results for the seven cases
analyzed.

The most cost effective tank size can be found by finding the daily demand
associated with the minimum tank cost/daily liters supplied ratio. The tank size
corresponding to that daily demand can then be found.
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Figure 3: Output of supply side approach for case 1 (in-patient ward only)
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Cost Optimization for Case 2 - 95% Demand Met
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Cost Optimization for Case 4 - 95% Demand Met
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Figure 6: Output of supply side approach for case 4 (in-patient ward, maternity ward, and hostel)
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Cost Optimization for Case 6 - 95% Demand Met
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Figure 9: Output of supply side approach for case 7 (in-patient ward and maternity ward)
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Appendix C: Water Transport Analysis

Nomenclature

p: Pressure

p: Density of fluid

V:Velocity of fluid

z:Height of bottom of Kentank

Hy,: Losses due to bends and pipe lengths
Hpymp: Required head by pump

m: Mass flow rate of fluid

D: Diameter of delivery pipes

K: Minor loss coef ficient

L: Length of piping within system
Le : L
Do Equivalent Length of Fittings

h: Height of water level in Kentank

H..q: Head required for system to reach flow rate
Phase: AC Input Phase

V: Input voltage

I: Input Current

PF: Power Factor

n: Pump Ef ficiency

December 6, 2009 Tenwek Water Project
Final Report z Final Draft

35



C-1
Bernoulli Equation
P _ (2, 7 —
(gp + 92 + Zl) (gp + 92 + Zz) = HlT (1)
C-2

Pump Head Required Vs. Flow Rate

Le

Hyeq = (h+2) + [;(1+K+f(%+—))]

8m
gp2m2D* De

Results with Selected Grainger Pumps:

Pump Performance Curve:

40 T

\ ’
-’

P

\ P d

25 »Z

E /\

3 20 Zoms

) -

I -

=== Required with
Uptank

Granger
#IN525

e Grainger
#4UA64

e Grainger
#4UA67

S BN SN

Granger
#4UA73

’ \\ \\ \\

0 0.1 0.2 0.3
Flow Rateifn3min)

Grainger
#AUA76

C-3
Pump Efficiency and Decision Matrix
Wh = Hreqmg

P,y = VPhase VI (PF)
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W
n=4-

Py
Time to Fill (min) Price Efficiency |Power (KW-hr)
1IN525 234 $978.00 146.70% 1.01
4UA73 24.6 $631.00 |57.30% 0.64
4UAG4 37.8 $576.00 |64.20% 0.63
4UAG7 66 $457.75  149.40% 1.09
4UA76 39 $691.00 |22.60% 135
c-4
Height of Kentank as a Function of Mass Flow Rate
palt 47 (543
~gp n2D4 AR z
Results:
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Appendix D: Solar Flux Model
User Inputs Required:

e Latitude of the location in degrees
0 Northern hemisphere
A Positive
0 Southern hemisphere
A Negative
e Longitude of the location in degrees
0 Western hemisphere
A Positive
0 Eastern hemisphere
A Negative
e Elevation of the location in meters
e UTC (Universal Time Coordinated) , Time zone of location
0 Givesreference to GMT (Greenwich Mean Time)
e Cloud Cover (CC) data
0 Collected from NASA SSE (Surface meteorology and Solar Energy) database
A Based off location inputs; latitude and longitude
A Takes two parameters from the database
¢ C(Cloud amount at 3-hourly intervals
e Frequency of cloud amount at 3-hourly intervals
e Parameters averaged for each month across 22 years of values

Program outputs:

e Cloudy case (most frequent) hourly solar radiation on a fixed surface collector
for each month
0 Each month case
A Used the most frequent cloud cover case for each three hour interval
A Accounts for the most typical cloud cover seen at the location
e Best case (completely sunny) hourly solar radiation on a fixed surface collector
for each month

For further reference please look at the detailed model description on the globalhub.org
page under the ESW-Purdue Tenwek water project page.
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Appendix E: Solar Water Heating Model

Nomenclature

Symbol Meaning
T¢ Transmissivity of the Cover
ap, Absorptivity of the Copper Plate
Pe Reflectivity of the Cover
Pp Reflectivity of the Copper Plate
G Specific Heat of Water
Ac Collector Surface Area
Qin Input Flux
m Mass Flow Rate through CV
Q"'p Radiative Flux Incident on the Copper Plate
0", Useful Energy Extracted by the Flow
N rad,p Radiation Heat Transfer Coefficient
h convp_c Convection Heat Transfer Coefficient
Tp Copper Plate Temperature
Tec Cover Temperature

The Solar water heating model is based on the 1st Law of Thermodynamics for open
systems, which, when assuming water to be an incompressible fluid, yields the following
relationship between input and output temperature of the collector:

QinAc

mC.p

Tout = Tin +

(1)
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The input solar flux is a ratio based on the efficiency of the collector, which was determined
in a heat transfer analysis based on the following thermal circuit:

\[—n
\/—c

convection

radiation

convection
radiation

convection

Conduction +

T

Neglecting the thermal capacitances in the system, the following equations follow from a
steady-state energy balance:

Q"p(t) = I()Te(y + TppPe)
(2)
O"u(t) = O"p(t) - (hRad,P+hConv,PfC)(Tp - Tc)

(3)

Taking this useful energy back into the 1st Law equation (1) provides the final relation for
the relationship between system output temperature, flux, and mass flow rate that were
used to design the system.
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Appendix F: Bill of Materials for Complete 4,000 Liter System

Bill Of Materials
Part No. Part Section Description Unit | Quantity Rate Cost
1.0 Guttering & PipingTo Ground Storage Tank)
1.1 5" Square Steel Gutters 10' 44 37.27 1,639.88
1.2 Each 40 8.18 327.20
Gutter Connectors
1.3 Downspout Connector Each 49 9.78 479.22
1.4 Gutter Endcaps Each 12 3.94 47.28
1.5 Gutter Hangers Each 185 7.73 1,430.05
1.6 Inside Gutter Corner Each 2 41.32 82.64
1.7 Outside Gutter Corner Each 2 41.32 82.64
1.8 3" Downspout Strainer Each 49 2.52 123.48
1.9 3" PVC Tee Connector Each 48 4.18 200.64
1.10 3" PVC 90° Elbows Each 35 4.46 156.10
1.11 3" PVC Coupling Each 125 2.20 275.00
1.12 3" Steel Pipe Strap Each 380 4.17 1,584.60
1.13 3" PVC Piping 10 118 25.80 3,044.40
1.14 4" Ball Valve (First Flush) Each 2 243.00 486.00
1.15 4" x 4" x 3" PVC Reducing Tee Each 2 25.50 51.00
1.16 4" PVC Piping 10 16 36.75 588.00
1.17 3" to 4" PVC Coupling Each 1 11.76 11.76
1.18 4" PVC 90° Elbows Each 2 4.53 9.06
1.19 4" PVC Tee Connector Each 2 8.58 17.16
1.20 4" PVC Double Tee Each 1 37.90 37.90
1.21 4" PVC Coupling Each 15 3.13 46.95
1.22 4" Steel Pipe Strap Each 10 4.98 49.80
2.0 Ground Storage Tank
235,000 (KSH) [ 940,000 (KSH)
2.1 Tank - 24,000L Kentank Each 4 3,125.03 (US) 12,500.12 (US)
2.2 4" Ball Valve (Inlet) Each 4 243.00 972.00
2.3 1.5" Tank Flange Each 4 22.44 89.76
2.4 1.5" Ball Valve (Outlet) Each 4 12.63 50.52
2.5 4" PVC 90° Elbows (Overflow) Each 4 4.53 18.12
2.6 4" PVC Piping (Overflow) 10' 2 36.75 73.50
3.0 Transport(From Ground Tank to Elevated Tank)
3.1 1.5" PVC 90° Elbows Each 4 1.69 6.76
3.2 1.5" PVC Tee Connector Each 3 1.73 5.19
3.3 1.5" PVC Piping 10' 21 9.26 194.46
3.4 1.5" PVC Coupling Each 25 0.68 17.00
3.5 1.5" Steel Pipe Strap Each 50 2.18 109.00
3.6 1" x 0.5" PVC Reducer Bushing Each 1 1.46 1.46
3.7 1.5" x 1" PVC Reducer Bushing Each 1 2.31 2.31
3.8 0.5" PVC Male Adapter Each 4 6.33 25.32
3.9 1.5" PVC Fitting Cleanout Adapter | Each 1 2.28 2.28
3.10 1.5" PVC Male Adapter Each 2 0.97 1.94
3.12 3/4 Centrifugal Pump Each 1 576.00 576.00
4.0 Elevated Storage Tank
24,000 (Ksh) 24,000 (Ksh)
4.1 Tank - 4000L Kentank Each 1 319.15 (US) 319.15 (US)
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5.0 Solar Water Heating
5.1 Solar Water Heater Unit Each 11 846.36 9,309.96
5.2 RexRack Mounting Unit Each 1 1,100.00 1,100.00
53 1.5" CPVC Piping 10 2 32.60 65.20
6.0 Final Delivery
6.1 1.5" CPVC Piping 10 9 32.60 293.40
6.2 1.5" CPVC 90° Elbows Each 5 9.47 47.35
6.3 1.5" CPVC Coupling Each 10 7.48 74.80
6.4 1.5" Steel Pipe Strap Each 25 2.18 54.50
6.5 Thermal Storage Tank Each 1 2,239.00 2,239.00
6.6 Inlet Connection Each 1 21.21 21.21
6.7 Outlet Connection Each 1 99.96 99.96
6.8 1" CPVC Ball Valve Each 2 41.05 82.10
6.9 1" CPVC Piping 10' 1 18.56 18.56
7.0 Common Parts
7.1 Masonry Screws Pkg. | As Required 32.50 32.50
7.2 Box Nails Pkg. | As Required 7.45 7.45
7.3 PVC Cement, 32 oz Each | As Required 13.32 13.32
7.4 PVC Primer, 32 oz Each | As Required 8.95 8.95
7.5 Pipe Goop Each | As Required 4.56 4.56
Grand Total $41,044.43
3,071,268 (Ksh)

Bill Of Materials - Maternity Ward

Part No. Part Section Description Unit | Quantity | Rate| Cost
1.0 Guttering & PipingTo Ground Storage Tank
1.1 5" Square Steel Gutters 10' 33 37.27 1,229.91
1.2 Gutter Connectors Each 30 8.18 245.40
1.3 Downspout Connector Each 20 9.78 195.60
1.4 Gutter Endcaps Each 8 3.94 31.52
1.5 Gutter Hangers Each 140 7.73 1,082.20
1.6 Inside Gutter Corner Each 2 41.32 82.64
1.7 Outside Gutter Corner Each 2 41.32 82.64
1.8 3" Downspout Strainer Each 20 2.52 50.40
1.9 3" PVC Tee Connector Each 21 4.18 87.78
1.10 3" PVC 90° Elbows Each 10 4.46 44.60
1.11 3" PVC Coupling Each 60 2.20 132.00
1.12 3" Steel Pipe Strap Each 175 4.17 729.75
1.13 3" PVC Piping 10' 57 25.80 1,470.60
1.14 4" x 4" x 3" PVC Reducing Tee | Each 1 25.50 25.50
Grand Total $5,490.54

Bill Of Materials - In-patient Ward

Part No. Part Section Description Unit | Quantity | Rate| Cost

1.0 Guttering & PipingTo Ground Storage Tank
1.1 Downspout Connector Each 22 9.78 215.16
1.2 3" Downspout Strainer Each 22 2.52 55.44
1.3 3" PVC Tee Connector Each 21 4.18 87.78
1.4 3" PVC 90° Elbows Each 20 4.46 89.20
1.5 3" PVC Coupling Each 45 2.20 99.00
1.6 3" Steel Pipe Strap Each 150 4.17 625.50
1.7 3" PVC Piping 10' 43 25.80 1,109.40
1.8 3" to 4" PVC Coupling Each 1 11.76 11.76

Grand Total $2,293.24
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Bill Of Materials - Hostel
Part No. Part Section Description Unit | Quantity | Rate| Cost
1.0 Guttering & PipingTo Ground Storage Tank
1.1 5" Square Steel Gutters 10' 11 37.27 409.97
1.2 Gutter Connectors Each 10 8.18 81.80
1.3 Downspout Connector Each 7 9.78 68.46
1.4 Gutter Endcaps Each 4 3.94 15.76
1.5 Gutter Hangers Each 45 7.73 347.85
1.6 3" Downspout Strainer Each 7 2.52 17.64
1.7 3" PVC Tee Connector Each 6 4.18 25.08
1.8 3" PVC 90° Elbows Each 5 4.46 22.30
1.9 3" PVC Coupling Each 20 2.20 44.00
1.10 3" Steel Pipe Strap Each 55 4.17 229.35
1.11 3" PVC Piping 10' 18 25.80 464.40
1.12 4" Ball Valve (First Flush) Each 1 243.00 243.00
1.13 4" x 4" x 3" PVC Reducing Tee | Each 25.50 25.50
Grand Total $1,995.11
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