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Abstract 

The purpose of this project was twofold: a) to mitigate intake congestion of a micro-hydro 

power system at the Kearoa Marae in Horohoro, New Zealand, and b) to develop a basic feasibility 

assessment focusing on resource requirements for a commercial scale hydroponic greenhouse that 

would utilize electricity generated by the hydroelectric unit. To address the congestion of the 

micro-hydro intake, our team designed, constructed, and installed a self-cleaning floating boom 

across the inlet of the system to deter floating debris from entering the inlet, as well as a mesh 

screen to catch any submerged debris, reducing maintenance time and allowing the system to 

produce electricity to its fullest potential. Modeling the hydroponic greenhouse resulted in 

estimated heating, water, and electricity requirements that were used to develop recommendations 

to our sponsor, Te Runanga o Ngāti Kea Ngāti Tuara. 
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Chapter 1: Introduction 

The rural area of Horohoro, New Zealand is home to the indigenous Māori community of 

Ngāti Kea Ngāti Tuara (NKNT). The center of this community is the Kearoa Marae, a spiritually 

significant meeting house in which members come together to celebrate important life events. The 

Pokaitu stream runs behind the marae, through several farms that surround the area and paint the 

pastoral scenery. As a part of NKNT’s commitment to preserving the environment and practicing 

sustainability, a series of three micro-hydroelectric turbines were installed in December 2013 to 

power the marae and surrounding farm. Since this installation, the unit has consistently output 2.3-

2.5 kW of electricity, which is more than the buildings it powers currently consume. In many 

months, less than half of this energy is used by the community, and the rest is sold back to suppliers 

at a third of the purchase price from the electric grid. To satisfy their economic, environmental and 

community goals, NKNT aspires to use this available electricity to power a hydroponic 

greenhouse.  

 The micro-hydro unit requires regular maintenance, primarily by Mr. Riki Oneroa, for its 

continual, efficient operation. Before our team’s project took place, Riki had to clear leaves, sticks 

and other debris daily from the intake grate that protects the system from such obstructions. This 

task required Riki to use either his hands or a rake to clean the grating, which is neither enjoyable 

nor ergonomic. 

Our team was thus presented with two tasks: mitigate the micro-hydro unit’s debris 

congestion, and model a hydroponic greenhouse to estimate heating, equipment and water 

requirements to determine its feasibility. After research and discussions with NKNT, we decided 

to pursue the design, construction, and implementation of a floating boom and mesh system that 

would direct floating debris downstream and away from the intake and catch submersed objects. 

This solution would reduce the time it takes Riki to maintain the system and improve its efficiency. 

Additionally, we investigated the feasibility of constructing a hydroponic greenhouse in the 

community that would run primarily on electricity from the turbine unit. The greenhouse system 

would provide a means of capitalizing on excess energy production in a manner consistent with 

NKNT’s values regarding sustainability and the environment. Additionally, it has the potential to 

provide jobs to community members and become a source of revenue for NKNT. 
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Chapter 2: Background 

         This chapter puts the scope of the project into perspective by providing background 

information on pertinent Māori culture, the community of Ngāti Kea Ngāti Tuara (NKNT), their 

micro-hydro power system and its intake congestion problem, along with NKNT’s considerations 

regarding the design and construction of a greenhouse. 

2.1 Brief History of New Zealand 

The Māori are the indigenous population of Aotearoa / New Zealand, traveling to the island 

country in waka (canoes) from other islands in the South Pacific over 1000 years ago. The 

Europeans first discovered New Zealand in 1642, but did not make landfall until 1769 when 

Captain James Cook and other Englishmen began to settle the islands. In an attempt to gain control 

of the land and come to a mutual understanding of its ownership and use, New Zealand’s first 

governor, William Hobson, and Māori chiefs from across the country came together to sign The 

Treaty of Waitangi in 1840.  

The treaty came with great misunderstanding. The Māori had gifted the land to the 

Europeans to protect it as guardians. The Europeans did not see it this way and viewed the land as 

theirs to use however they pleased. The misinterpretation of the treaty led to war in which more of 

the Māori’s land was lost to the creation of expansive farms and developing townships ("A Brief 

History", 2016). In 1975, the New Zealand Government, in cooperation with the Māori, formed 

the Waitangi Tribunal, which was set up to settle land claims in an attempt to return some of the 

land to the Māori. Unfortunately, most of the land will likely never be returned and settling these 

land claims is a lengthy and complex process, but it is a step in the right direction ("Waitangi 

Tribunal", 2016). 

  



3 

 

2.2 Ngāti Kea Ngāti Tuara 

         Horohoro is home to the Māori community of Ngāti Kea Ngāti Tuara. It is a rural town 

located 16 kilometers southwest of Rotorua and part of the greater Bay of Plenty Region, as shown 

on the map in Figure 1. The NKNT tribe, or iwi, consists of approximately 1,500 members over 

the age of 18: 60% live in the Bay of Plenty region, 30% live in other parts of New Zealand, and 

10% live overseas. Very few actually live in Horohoro (Bargh, 2015). A hapū is a smaller grouping 

within the iwi. Iwi member and NKNT Project Manager, Eugene Berryman-Kamp, served as this 

project’s sponsor and primary contact person for the students.  

2.2.1 Land Settlements 

The ancestral lands of Ngāti Kea Ngāti Tuara once covered 50,000 acres around Horohoro. 

Today there are only about 4,000 acres of land left in hapū guardianship. Over 60% of that is for 

farm land and forestry. NKNT has set aside the remaining as land reserve. Ngāti Kea Ngāti Tuara, 

as an affiliate of Te Pumautanga o Te Arawa (a post-settlement governance entity), is working to 

regain some of their traditional lands as part of a Treaty of Waitangi settlement. ("History | Ngāti 

Kea Ngāti Tuara", 2016). 

Figure 1: Map of New Zealand's North 
Island with major cities and outlined Bay 

of Plenty Region 
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2.2.3 Values 

The Māori have a deep connection with their values and traditions. Three of their values 

that have the greatest influence on this project are whakapapa, kaitiakitanga, and no te hapū. 

Whakapapa translates to genealogy and is important when considering land and its relationship to 

people. Like humans and animals, the land and water have their own whakapapa and ancestry 

(Bargh, 2012). Perhaps the Māori’s deepest connection is with the land, as they call themselves 

“tangata whenua” or “people of the land”. Closely related to this connection with the land comes 

the value Kaitiakitanga, which implies environmental guardianship. The Māori have strong ties to 

the Earth and are thus extremely environmentally aware (Royal, 2007). A third value important 

for the team to consider is “no te hapū”, which indicates a strong desire for communal benefit over 

the benefit of an individual (Bargh, 2012). Any project must take into consideration its societal 

impacts on the community. Ngāti Kea Ngāti Tuara has outlined goals for any community project 

to reflect these core Māori values. Every undertaking must satisfy their 4-fold bottom line that 

addresses economic, environmental, social, and cultural standards (Berryman-Kamp, 2016). These 

are all equally important values to consider, and the team must account for any impact the project 

may have on these standards. 

2.2.4 Project History 

         In December 2013, Ngāti Kea Ngāti Tuara 

installed a micro-hydro unit consisting of three 

hydroelectric turbines that generate electricity 

from a waterfall on the Pokaitu Stream, which 

flows directly behind the hapū’s marae (meeting 

house). To do so, Te Runanga o Ngāti Kea Ngāti 

Tuara, the governing council of the hapū, worked 

in conjunction with EcoInnovation Ltd of New 

Zealand, the designer and manufacturer of the 

PowerSpout equipment used in the unit. With this 

system, they produce enough electricity to power 

their community buildings and iwi-owned farm. 

NKNT’s micro-hydro project has been in the 
Figure 2: Sign with the micro-hydro system’s 

history at NKNT
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news, setting a great example for other Māori communities (see Appendix 6.1 News Articles and 

Publicity of Micro-hydro Project).   

Hydropower and other sources of renewable energy, such as geothermal, are common 

throughout New Zealand. NKNT’s project exemplifies one of the many ways other iwi can 

continue their commitment to sustainability by using the renewable resources they have around 

them. However, the NKNT’s system currently suffers from an intake congestion problem. Small 

debris, such as pine needles and other foliage, from the Pokaitu stream, a tributary of the Waikato 

River, clog the intake. Iwi member and property maintenance manager, Riki Oneroa, is the primary 

caretaker of the turbines. In working closely with the turbines for the past three years, he has 

become an expert on the system. With debris-filled water freely flowing into the inlet, he must 

clean the intake grate on a daily basis. This Major Qualifying Project (MQP) focuses directly on 

this aspect of the micro-hydro system and aims to design and implement an eco-friendly solution 

that will alleviate the intake congestion and need for daily cleaning. 

The Interactive Qualifying Project (IQP), “Assessing Greenhouse Feasibility: A Report to 

the Ngāti Kea Ngāti Tuara Hapū of Horohoro, 

New Zealand”, completed by two returning 

team members, Nathan Peterson and Paige 

Myatt, in 2016, served as the basis for this 

Mechanical Engineering and Chemical 

Engineering MQP and briefly addressed the 

need for a solution to this intake congestion 

problem. The IQP’s main focus was to produce 

a feasibility report regarding the perception of 

a greenhouse in the community that would be 

powered by the micro-hydro system. 

Figure 3: Native Tree Nursey Sign at NKNT 
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The project examined possible crops to grow in addition to identifying potential business 

opportunities. From their research the team learned that the greenhouse would initially be best 

suited for community use and development. Since then, NKNT has pursued the idea of a 

greenhouse and is currently constructing a small structure in which to grow native trees to be 

utilized in riparian planting, seen in Figure 4. The community is in the process of planting these 

trees on the banks of the Pokaitu Stream as part of a river clean-up project; their purpose is to 

absorb the farm runoff and prevent it from entering the water, described in Figure 3. 

Figure 4: Greenhouse set up for construction with native plants 
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2.3 Micro-hydro System Overview 

 This section is most easily explained with a visual representation. Figure 5 shows a 

simplified diagram of a micro-hydro system overlaid by photographs of NKNT’s setup.  

 

  

Figure 5: NKNT's micro-hydro set up, pre-boom installation 

Intake: the source 

of the debris 
congestion issue 

Penstock: 

sized for 
amount of flow 

Turbines: 

Currently 3 turbines generate 2.5 
kW of electricity, although the 

headstock is sized for 6 

Head: supplied 

by a natural 
waterfall. 3.15 m 

vertical drop 
from intake to 

turbines 
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2.3.1 The Pokaitu Stream 

The Pokaitu Stream is relatively narrow and slow-moving as it passes Ngāti Kea Ngāti 

Tuara. Data taken by the Waikatu Regional Council just 3 kilometers downstream indicates that 

summer flows range from 700 – 1600 liters per second (L/s). With each turbine requiring 50 L/s, 

and a minimum required flow rate with 6 turbines of 300 L/s, 

the stream offers enough flow for optimal operation. Table 1 

displays data from the PowerSpout Case Study gathered by the 

National Institute of Water and Atmosphere Research, Ltd 

(NIWA). Flooding is not uncommon in the stream and can be 

harmful to the micro-hydro unit if the appropriate precautionary measures are not taken. In the 

event of a flood, a community member, mainly Riki, must block off the intake by dropping a large 

metal door that stops water from entering the penstock, as seen in Figure 6. 

The design of the unit at NKNT utilizes a drop in head resulting from a small waterfall in 

the stream 3.15 meters in height. The intake is upstream of the waterfall, feeding water through 

the supply pipe to the headstock downstream. Figure 7 shows an aerial view of the area.  

  

Catchment Area 31.9 km2 

Mean Annual Rainfall 1640 mm 

Mean Flow 897 L/s 

Annual Flood Flow 8.7 m3/s 

100-year Flood 23.9 m3/s 

Figure 6: Micro-hydro Intake 

Table 1: Pokaitu Steam Data 
(PowerSpout, 2014) 

Figure 7: Aerial view of the stream and intake 

Waterfall 

Stream 

Intake 

Headstock 
w/ turbines 
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2.3.2 Headstock Design 

Steel girders set in concrete and pilings bedded in the riverbank support the headstock. The 

top of the concrete trough lies below the intake level and allows water expended by the turbines 

or any excess water to return to the river below. Figure 8 shows the headstock without turbines 

and the waterfall behind it. 

 

Figure 8: Headstock and waterfall (PowerSpout, 2014) 

2.3.3 Power Generation 

         The turbines employed in the design are PowerSpout LH (low head) turbines, each capable 

of producing 700-800 Watts and 

requiring a flow rate between 25 and 

55 L/s and 1-5 meters of head. 

EcoInnovation designed the 

headstock to fit 6 turbines, but only 3 

turbines are currently installed and 

the remaining three holes are sealed. 

Still, the system generates up to 2.5 

kW, which exceeds the amount of energy typically consumed by the marae and surrounding 

buildings. Figure 9 displays Riki with one of the three turbines.  

 

Figure 9: Riki with the turbines 
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2.3.4 Intake Design 

         EcoInnovation constructed the intake of the system from a concrete septic tank measuring 

2.21 meters in length with two holes on 

each end for water flow and one hole on 

top for accessibility and maintenance. 

Figure 12 shows the bare tank in the 

trench during construction. 

The supply pipe that enters the 

tank is 600 mm in diameter. Figure 11 

shows the pipe within the tank, perforated 

with holes 50 mm in diameter. Large 

rocks surround the intake to minimize erosion. The entrance to the tank features a flow control 

mechanism in which a metal gate slides along a track to partially or completely cover the entrance, 

allowing flow to be diminished or completely cut off in flood conditions, as previously mentioned. 

The grill at the entrance stops larger debris from going inside the tank. Figure 10 shows a side 

view of the intake. 

 

 

2.3.5 Problem Definition 

The micro-hydro unit has been successful in generating power for Ngāti Kea Ngāti Tuara, 

but intake congestion problems caused by debris diminish or halt the output of the turbines until 

cleaned. To mitigate this problem, Riki installed a temporary debris catching device made out of 

Figure 12: Septic tank intake 
(PowerSpout, 2014) 

Figure 11: Perforated pipe 
(PowerSpout, 2014) 

Figure 10: Intake (2017) 
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windscreen mesh, which is typically used on fences, fastened to a gate wedged in the inlet to block 

debris across the entrance of the 

intake. Figure 13 shows the inlet to 

the intake and this temporary 

screen. However, this structure has 

since been washed away in a large 

storm, leaving the intake protected 

only by a wide grill, as seen 

previously in Figure 6. This intake 

grill is not sufficient for blocking smaller debris, and allows small leaves, algae, and other foliage 

to enter the system. The initial design included a 3 mm metal mesh screen, shown in Figure 14 that 

is inserted beyond the wider grate and covers the perforated supply pipe within the tank. With no 

other inlet protection, debris clogs this mesh within a few hours and must be cleaned before the 

turbines can continue to generate electricity. Therefore, it remains unused and is laid on the rocks 

of the intake, as seen in Figure 13. 

Although the temporary screen helped to keep the smaller 

debris clear of the intake, it frequently became blocked and thus 

restricted flow to the micro-hydro. The screen had to be manually 

cleared as often as daily, depending on the season. Figure 15 shows 

the screen blocked with debris, thus limiting the flow able to pass 

through it. 

 

Figure 13: Intake with mesh gate (2016) 

Figure 14: Unused metal 
mesh screen 

Figure 15: Close-up of previous intake debris solution 
(2016) 



12 

 

The team’s primary goal is to design and implement an eco-friendly mechanism that will 

deflect debris downstream and thus prevent it from entering the intake of the micro-hydro unit 

while not restricting flow. In doing so, we will assist Ngāti Kea Ngāti Tuara in producing energy 

to the full potential of their micro-hydro. 

2.4 Greenhouse Project Overview 

Farming and forestry consumes 2,500 acres of the land left in hapū guardianship. Several 

environmental challenges result from this widespread farming, including stream bank sediment 

erosion from riparian zone clearing and waterway pollution resulting from fertilizer runoff. To 

help prevent soil erosion and fertilizer runoff from entering freshwater resources, NKNT has 

planted native trees alongside riverbanks to assist in cleanup and runoff prevention, a practice 

known as riparian management (George, 

2016). Many of these trees were grown in a 

small greenhouse owned by NKNT 

community member, Bob Young, which is 

located up the road from the Kearoa Marae. 

Once the trees have developed enough to 

survive outside, they are potted and 

maintained on a small plot of land near the 

micro-hydro unit as shown in Figure 16. Riki 

and Eugene oversee this operation. In the 

summer, up to three student interns assist Riki with the project. 

In August of 2016, NKNT put in an application to the Waikato Regional Council to receive 

funding for a $500,000, 5-year greenhouse project that would grow 40,000 native trees for riparian 

planting on a 6 m X 16 m plot highlighted as two separate areas in Figure 17. The Waikato River 

Authority, the entity responsible for restoration and protection initiatives of the river, refused this 

funding request ("Purpose", 2016). Upon further consideration, NKNT has chosen to keep the 

riparian tree nursery relatively small scale, growing 5,000 plants a year. Instead, they are interested 

in pursuing a large-scale, hydroponic greenhouse in the coming years. 

Figure 16: Potted native trees (2017) 
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Figure 17: Initial map of greenhouse plan (NKNT, 2016) 
 

         According to Eugene, construction of a hydroponic greenhouse would likely take place 3-

5 years in the future, so our team decided to focus on an initial greenhouse feasibility assessment 

emphasizing technical design aspects. Specifically, we have estimated the amount of heating, 

water, and electricity required to operate a greenhouse of the same dimensions as proposed riparian 

tree nursery expansion project. We have also included a cost estimate. With these key parameters 

identified, our sponsor has useful information to begin the application and decision-making 

process for this project. Additionally, we have laid the groundwork for additional design work to 

be completed and have provided contacts for potential suppliers of hydroponic and greenhouse 

equipment. If the board decides to approve the completed application, a hydroponic greenhouse 

could be constructed in the next 3-5 years, providing a source of revenue for the trust, creating 2-

3 jobs for local residents, and effectively utilizing electricity produced by the micro-hydro unit. 
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Chapter 3: Methodology 

The team took three trips to the project site in Horohoro, each of which lasted four to five 

days. The timeline of the team’s seven working weeks spent in New Zealand, location and 

description of project work follows in Table 2: 

Time Location Activity 

Week 1 (January 16-20, 2017) Horohoro Site assessment 

Week 2 (January 23-27, 2017) Wellington Boom design calculations  

Week 3 (January 30 - February 3, 
2017) 

Wellington Sourcing boom materials 

Week 4 (February 7 - 10, 2017) Horohoro 
Boom construction and 
installation 

Week 5 (February 13 - 17, 2017) Wellington Greenhouse design modeling 

Week 6 (February 20-23, 2017) Horohoro 
Boom refinement and mesh 
addition 

Week 7 (February 27 - March 3, 
2017) 

Wellington 
Report writing and continued 
greenhouse modeling 

Post-project trip (March 16-17, 
2017) 

Horohoro 
Post-storm assessment and 
adjustment  

Table 2: Project Timeline 

The initial trip to Horohoro took place during the first of seven weeks, almost immediately 

after our arrival in New Zealand. We spent the following two weeks in Wellington, where we 

developed the design for the boom and ordered materials remotely in anticipation of our second 

trip to the project site. During the second trip, the team picked up materials in nearby Rotorua, 

constructed the floating boom according to the final design, and installed it across the micro-hydro 

inlet by anchoring to the surrounding banks of the Pokaitu stream. With the floating boom 

functioning as planned, and needing only minor refinements before our final trip to the project site, 

week five was dedicated largely to the modeling and assessment of the feasibility of a commercial 

hydroponic greenhouse at the site. The final trip to Ngāti Kea Ngāti Tuara allowed us to make 

modifications to the boom design. The team also installed a mesh screen parallel to but 

independently of the boom during this final trip. The final week in New Zealand was spent in 
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Wellington, finalizing the modeling and estimation of annual energy and water usages and cost. 

Team member Paige was able to make a post-project trip up to the site two weeks after the team’s 

final visit. This trip was well-timed, as a 20-year storm had just passed through the area in the 

previous week, flooding the stream and causing some damage to the boom. Paige was able to make 

some final adjustments and correct the issues with the boom.  

3.1 Preliminary Research 

3.1.1 Micro-hydro Intake Literature Review 

In Serious Micro-hydro: Water Power Solutions from the Experts, Jerry Ostermeier details 

intake designs and slow-water zone diversions, one of which employs a floating boom to deter 

debris, shown in Figure 18. 

 

Figure 18: Possible Intake Design (Ostermeier, 2008) 

 This design also employs gabions and a dredged area. Due to the restrictions surrounding 

resource consent and the short time frame of our visit, the team could not make any permanent, 

large-scale adjustments to the intake to include such features. 

  

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjl3MLM8vnSAhVH7oMKHfnOCNkQjRwIBw&url=https://www.homepower.com/articles/microhydro-power/design-installation/microhydro-intake-design&psig=AFQjCNFOM7DYlWQ81fG0lTTtdI9zFdEpdg&ust=1490814409284672
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Elastec, a company based in the United States, manufactures a “Floating Net Boom 

Barrier”, albeit on a much larger scale than our project, but its design and materials may be of use 

to consult as we address this problem (Figure 19). 

 

Because the intake design of NKNT’s micro-hydro cannot reasonably be altered, our team 

intends to investigate the potential for the implementation of a floating boom that eases or resolves 

the habitual intake congestion of the micro-hydro and can withstand and adapt to changing river 

conditions. We will determine and account for all significant design, material, construction, and 

installation considerations in order to meet these ends. 

  

Figure 19: Elastec floating net boom ("Floating Marine Trash and Debris | Containment Boom | Elastec", n.d.) 
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3.1.2 Alden Lab Visit 

On November 30, 2016, team members Nathan and Paige took a trip with project advisor 

Professor Robert Daniello to Alden Lab in Holden, MA. This fluids laboratory works on solving 

a variety of flow problems through physical modeling. Many of these problems are applicable to 

our project. In the tour around the facility, employees of the lab showed us models they are working 

on regarding hydropower systems and intake debris congestion. A model of a floating boom design 

used at the Clifty Creek Power Plant in Madison, Indiana was the most applicable possible solution 

to NKNT’s intake congestion. Figure 20 shows the model of the boom and a hand drawn sketch.  

 

Upon further research, the team discovered the full-scale floating boom in action on Google 

Maps, as seen in Figure 21. This basic concept served as the basis for the team’s proposed solution. 

Figure 20: Clifty Creek Power Plant Floating Boom Model at Alden Lab (2016) 

Figure 21: Aerial view of full-scale floating boom in action at Clifty Creek 
Power Plant (Google Maps, 2017) 



18 

 

3.1.3 Greenhouse Literature Review 

Hydroponics 

While traditional greenhouses grow plants in soil, hydroponics involves growing plants in 

soilless media containing a nutrient rich solution (“Hydroponic Systems 101,” n.d.). Globally, 

hydroponic greenhouse systems cover approximately 20,000 to 25,000 hectares of land, producing 

over 6 billion dollars in revenue form produce (“Hydroponics,” 2015). Hydroponic systems allow 

for tight control of nutrients contributing to plant growth, resulting in healthier produce and higher 

yields (“What is hydroponics?” 2008). Plant roots are at all times in contact with nutrients in 

specific concentrations that are suited for optimum growth, and nutrient concentrations can be 

easily adjusted as well as the pH. According to Full Bloom Hydroponics, hydroponic plants grow 

25 percent faster than traditionally grown crops and yields are 30 percent higher (“Hydroponic 

Systems 101,” n.d.). The main disadvantages of hydroponic systems are high cost and high 

maintenance, relative to soil-based systems. 

 Six different types of hydroponic systems dominate this market. Figure 22 summarizes 

these techniques.  

1. Deep Water Culture (DWC) 

2. Nutrient Film Technique (NFT) 

3. Aeroponics 

4. Wicking 

5. Ebb & Flow 

6. The Drip System 

 

DWC, shown in Figure 23, involves growing plants in a reservoir filled with the 

appropriate nutrient solution. In this technique, roots are always suspended in the nutrient solution. 

An air pump is used to oxygenate the nutrient solution to promote nutrient uptake, thus avoiding 

Figure 23: Deep Water Culture Diagram  
(“Deep Water Culture,” n.d.) 

Figure 22: Summary of six hydroponic growing 
techniques (“Nutrient Film Technique,” 2017.) 
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plant starvation. DWC systems are relatively simple from a technical standpoint, and they are also 

inexpensive. 

In contrast to DWC, NFT systems, explained in Figure 24, incorporate continuous flow of 

a nutrient solution over plant roots rather than bubbling water. They are built with an intentional 

slope that allows water to be gravity fed back into the solution tank. An air pump is typically not 

required for this system because the nutrient solution contacts only the base of the roots, leaving 

the remainder exposed to the air (“Hydroponic Systems 101,” n.d.). The main drawback of NFT 

systems are sensitivity to water flow interruptions, which can cause plants to wilt quickly since 

nutrients are not stored in the growth medium (“N.F.T. System,” n.d.). This system is highly 

resource efficient as a result of the recirculation system (“Commercial hydroponic,” 2017).  

 

While DWC and NFT systems utilize a layer of nutrient solution having a specified depth, 

aeroponic systems, as seen in Figure 25, mist the solution onto roots directly (“Our Technology,” 

n.d.). Supplier AeroFarms claims that aeroponic systems use “95% less water than field farming, 

40% less than hydroponics, and zero pesticides.” Similar to NFT systems, plants grown 

Figure 25: Aeroponic System diagram (“Aeroponic System,” n.d.) 

Figure 24: Nutrient film technique (Gurtler, 2014) 
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aeroponically are readily exposed to oxygen and require minimal growing media. However, 

misting heads tend to clog as a result of dissolved minerals in the solution, and misting interruption 

leads to plant death faster than NFT. 

A fourth type of hydroponic system, wicking, involves using an absorbent material, like 

cotton, to transport nutrient solution from a reservoir to a growth medium surrounding the plant 

roots (“Hydroponic Systems 101,” n.d.). Some growth media actually suffice for wicking without 

use of a specified wicking material. As displayed in Figure 26, this system requires no moving 

parts (besides an optional air pump) and is relatively inexpensive. However, wicking systems 

provide little control of water flow and nutrient concentration, which can lead to nutrient build-up 

and lower plant quality (“Wick System,” n.d.). 

Another commonly used system is referred to as ebb and flow (Figure 27). As the name 

implies, ebb and flow systems involve periodically flooding and draining plant roots with nutrient 

solution. Overflow tubes are used to set the desired water level height during flood periods. 

Disadvantages of the system include pH instability as a result of nutrient solution recycling and 

difficulty growing plants with low water resistance during flooding (“The Advantages,” 2011).  

 

  

Figure 26: Wicking system schematic  
(“Wick growing system,” n.d.) 

Figure 27: Ebb & flow hydroponic schematic (“Datko, S.,” 2012) 
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The final commonly used hydroponic technique is the drip system, shown in Figure 28, 

which involves a slow nutrient feed rate (“Hydroponic Systems 101,” n.d.). The solution is pumped 

through tubing from a reservoir and dripped onto growth media below (“Hydroponic Drip 

System,” n.d.). This method is widely used as it is relatively easy to install. Drip systems are best 

suited for plants having large roots that can soak up the solution more readily. The major downside 

of the drip system is frequent clogging issues caused by organic nutrient build up (“Hydroponic 

Systems 101,” n.d.). 

Basic Greenhouse Designs 

A wide variety of greenhouse designs are available to efficiently grow crops. This section 

will briefly discuss common types of free-standing greenhouses used for both small-scale and 

commercial applications. All greenhouse structures have pros and cons. The best greenhouse 

design for the task depends upon many key factors such as price, size, and durability requirements. 

Three of the most common styles of greenhouse are glass, fiberglass, and plastic, seen in 

Figure 29. Glass can be used to fit a variety of frames and greenhouse shapes, including curves, 

slants, and straight sides. The main advantage of a glass style is its tight seal and barrier properties, 

resulting in better humidity and heat retention. However, glass structures are more easily damaged 

or broken, usually more expensive, and require a sturdy structure. Fiberglass covers are relatively 

lightweight and are quite strong; however, high quality, clear fiberglass grades are needed to allow 

for consistent, reliable light penetration. High quality fiberglass can cost just as much as glass. 

Plastic, on the other hand, tends to be much cheaper than glass or fiberglass and can be purchased 

Figure 28: Drip hydroponic system schematic (“Hydro/Aquaponics,” 2016) 



22 

 

for as little as one-tenth the cost. Plastics are capable of producing crops at a comparable quality 

to fiberglass and glass. However, they lack the durability of the other two styles and need to be 

replaced every year to every few years. Polyethylene is one of the most commonly used materials 

for greenhouse covers. It has a relatively low cost and weight and allows for good light penetration. 

However, its heat retention can be relatively poor, and UV deterioration occurs over long periods 

of sunlight exposure. Polyvinyl chloride plastic covers tend to last longer than polyethylene, but 

are also much more expensive (“Greenhouse Construction”, 2006). 

Like the cover materials discussed above, different types of frame structures, shown in 

Figure 30, yield distinct advantages and disadvantages. Common materials used in greenhouse 

frames are aluminum, iron, wood, and galvanized pipe. One frame style is referred to as the A-

frame, which has a triangular shape consistent with its name. A-frames can be reinforced with 

diagonal bracing wires and are relatively easy to build. Another type of frame, the rigid frame, can 

be used in larger designs requiring a width of 30 feet or more; however, the design may yield little 

headspace, limiting the growth of plants. A third type, known as a panel frame, can be used in 

conjunction with plastic panels. While this construction is more labor-intensive and a relatively 

large amount of lumber is required, panel frames can be easily ventilated and easily taken down 

for storage. 

Figure 29: Three examples of greenhouse covers from left to right: glass (“Cross Country Cottage,” n.d.), 
fiberglass (“Greenhouse Products, n.d.), plastic (“6 mil sheeting,” n.d.) 

Figure 30: Three examples of greenhouse frames from right to left: A-frame (“Greenhouse Construction,” 
2016), rigid frame (“The Quality Plus,” n.d.), panel (White, 2012) 
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Round-top frames, on the other hand, are usually made of metal, and have a rounded top 

as the name would imply. They are typically easy to build, cover, and ventilate relative to other 

models. One last frame structure is a pipe frame, which is commonly used for air inflated covers. 

It is very sturdy and uses differential air pressures to hold the inner and outer cover layers steady. 

Each frame style has a unique combination of strength, cost, and construction difficulty 

(“Greenhouse Construction”, 2006). Figure 31 displays these other two types of frames. 

 

Greenhouse Modelling 

Greenhouse modelling is a useful tool to better understand factors and phenomena affecting 

greenhouse performance. This section will discuss several models applied to estimate and quantify 

energy balances in greenhouses. 

In their article from Solar Energy, Mashonjowa et al. discuss modelling energy in a 

naturally ventilated greenhouse growing roses in Zimbabwe. The article shows that an adaptation 

of the Gembloux Dynamic Greenhouse Climate Model (GDGCM) can yield reasonably accurate 

thermal performance results compared to empirical data taken on site. The GDGCM model 

incorporates differential equations used to describe heat and mass transfer phenomena. The 

parameters factored into the model are numerous, but key factors include the local environmental 

solar radiation intensity, outside temperature and wind velocity, material used for the cover, and 

heat transfer coefficient. The model includes eight heat energy balances to account for each layer 

in the greenhouse, including the soil, plant, air, and cover layers, and a mass balance to account 

for humidity. These balances make several assumptions, including the homogeneity of layers and 

verticality of fluxes. The only flux not assumed to be vertical was solar radiation. They use a 

program called the Transient System Simulation (TRNSYS v16) to solve the system of equations. 

Figure 31: Two more examples of greenhouse frames, round top frame (left) and 
pipe frame (right) (“Greenhouse Construction,” 2006) 
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With these parameters, the system can calculate a year’s simulation on a personal computer in 

under five minutes. However, this method is quite costly. 

A relatively simple modelling approach was utilized by Silveston et al. in their article 

published in the Canadian Agricultural Engineering journal. They analyzed condensation heat 

losses and suggested methods to reduce them. This model involved an energy balance around the 

entire greenhouse system rather than a layer by layer approached. A water balance was also 

included to account for condensation heat losses. All heat transfer equations were at steady state. 

The associated system of equations was solved by successive approximation for specified 

environmental conditions. Once heating requirements were approximated, a cost estimate for 

heating equipment and fuel was given. Our team’s model is based on this approach. 

3.2 Micro-hydro Site Assessment – Trip 1 

As outlined in the beginning of this chapter, multiple trips were made from the team’s 

home base in Wellington to the project site in Horohoro. The first of these three trips was for 

assessment purposes and occurred from January 16 – 20, 2017. 

Monday was mainly a travel day. We arrived on site in the late afternoon with project 

sponsor and Ngāti Kea Ngāti Tuara project manager, Eugene Berryman-Kamp. As Nathan and 

Paige had not been at the site since 

completing their IQP a year ago, 

and Aaron was completely new to 

the site, Eugene gave the team a 

brief tour. The first thing that 

Nathan and Paige noticed, in 

contrast to their last visit, was that 

the micro-hydro intake was 

completely unprotected, with any 

debris that came along freely 

flowing into the system, seen in 

Figure 32.  
Figure 32: Unprotected intake upon arrival 
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The previous debris-catching grate and mesh structure had washed away in a storm and 

sunk to the bottom of the river. Eugene also pointed out a new structure in the river, downstream 

of the inlet but prior to the waterfall, a floating wetland dock. Eugene explained the anchoring 

system for this structure should we use a similar system to anchor the floating boom, which 

employs cables, waratahs (Y-shaped stakes), and a large eye-bolt that was twisted into the ground 

(Figure 33). Eugene even noted that if the water was deeper near the intake, they might have been 

able to use the wetland as a floating boom. However, the depth of the river in that area is relatively 

shallow during the summer months and would not suffice for growing the vegetation on the 

floating wetland.  

 

  

Figure 33: Floating wetland and anchoring system (2017) 
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Next, Eugene brought the team down to the prospective greenhouse area where they are 

growing trees to be used in riparian planting, currently in the open air. Because the NKNT’s recent 

funding application for a greenhouse had not been accepted, they decided to pursue a smaller, self-

funded greenhouse. The materials were present but construction had not yet begun, seen in Figure 

34. This smaller, self-ventilating greenhouse will serve to protect the plants in the coming autumn 

months. Eugene shared with us that they would still like to pursue a hydroponic greenhouse and 

showed us its potential plot, shown in Figure 35. 

 

  

  

Figure 34: Greenhouse awaiting construction (January, 2017) 

Figure 35: Potential hydroponic greenhouse plot (January, 2017) 
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The team continued to get acquainted with the site the next day, having more in-depth 

conversations with property manager and maintenance worker, Riki Oneroa. Riki explained to the 

team that currently they are growing the trees outside with no real protection beside from a mesh 

wind screen, seen in Figure 36. There is also a simple irrigation system in place, consisting of a 

hose and single rotating sprinkler head. There are four main areas of trees, each at different growth 

stages. 

 

Next, Riki took us to the micro-hydro unit. The team noted the water level and asked how 

much this changes month to month. He noted that the water rises quite a bit in the winter months, 

from June to August. One of the team’s main challenges became determining how to anchor the 

boom to account for these changes. During autumn, Riki explained that he has to clean the intake 

grate up to twice a day when the leaves are falling. We told him about our design concept for a 

self-cleaning, floating boom and Riki believed that this might work quite well for floating debris. 

  

Figure 36: Native tree nursery area with 3 of 4 distinct growth stages visible 

2 1 
3 



28 

 

After speaking with Riki, the team was left to spend our own time becoming acquainted 

with the micro hydro system and intake. Our first task was to analyze the river flow, noting the 

water’s behavior around the intake, which is summarized by arrows in Figure 37. The team took 

measurements, such as in Figure 38, pictures, and videos of the intake for use in the design process 

once we returned to Wellington. 

As seen in Figure 39, we found a large piece of scrap wood, about 6 meters long, and 

brought it into the river to test our idea of a floating boom, specifically if it could be self-cleaning 

as anticipated. The team threw debris into the water upstream to determine the anchoring angle of 

the boom for it to effectively deflect debris downstream along with the current. 

  

Figure 39: Team member Nate examining 
the angle of the scrap wood boom test 

piece 

Figure 38: Team members Aaron and 
Paige measuring the intake 

Figure 37: River flow arrows 

TO PENSTOCK 
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With this test in mind, the team moved onto finding feasible anchoring points. Our original 

ideas concerning anchoring the boom consisted of: 

A. Drilling pilings straight into the river bedrock. 

B. Employing pilings on the shore, anchoring with rope within rigid tubing to maintain a 

constant distance from the shore and account for changing water level. 

C. Using large rocks or other heavy objects to weigh down the boom. 

D. Having one piling in an erosion rock downstream, and two pilings on shore upstream. 

E. Hammering stakes into the shore with cables/rope running from the ends of the boom to 

the stakes, similar to the floating wetland setup. 

The team also brainstormed other solutions besides the floating boom idea. These ideas 

included a mesh collection bag at the intake grate that could be easily lifted out of the water and 

emptied. This was deemed to be infeasible, as there already exists a metal mesh grating which 

currently sits out of the intake because it gets clogged too easily and inhibits flow to the turbines. 

The mesh would only cause similar problems and need to be cleaned just as often. 

The next morning, the team spent the day in Rotorua at the office of Te Runanga o Ngāti 

Kea Ngāti Tuara, which is equipped with WiFi, unlike the project site. In an afternoon meeting 

with Eugene, we discussed our assessment of the site and potential solutions, in addition to the 

hapū’s aspirations of constructing a commercial hydroponic greenhouse at the marae that would 

utilize energy produced by the micro-hydro unit.  

In terms of anchoring of the boom, we learned that any permanent structure in the river 

may need to be approved by the many councils that have a stake in the river, including the Waikato 

Regional Council, Land Information New Zealand, Rotorua Lakes Council, and New Zealand 

Lands Trust. With this information, the team could rule out Option A, as drilling into the river bed 

would require going through the lengthy resource consent process, which takes months even 

should it go smoothly.  

After getting into the river and having a better feel for the strength of the current flowing 

into the intake, the team could also rule out option C, as it became very clear that any structure had 

to be anchored onto the shore. This is supported by the example of the past intake grate being 

washed downstream as it was only wedged into the inlet with no onshore anchoring.  

Eugene also informed us that drilling into the erosion rocks would not be a problem with 

resource consent issues, as they are not part of the river. The team initially thought that this might 
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be the best option, drilling into an exposed rock (Figure 40) where the current splits the intake to 

have a piling on which the boom could move up and down with the water level. The upstream end 

would be anchored similarly to the floating wetland. With this idea in mind, the team tested the 

feasibility of drilling into an erosion rock the following day (Figure 41). Using a masonry drill bit 

with a 5/16 inch bit and a generator for power, we were able to drill into the rocks without issue. 

This proved to be a promising option. 

 

While in Rotorua, the team looked back to their trip to Alden Lab, recalling their floating 

boom design and looking into modifying it for the hapū’s needs. The initial basic design concept 

consisted of thick foam, a wood or plastic plank for structural purposes, and metal sheeting for 

siding. The next task was to source these materials, which could be done in Wellington the 

following week. 

During this time at the Runanga office, the team was also able to meet more extensively 

with Eugene. He confirmed that we should be able to source materials in the Rotorua area, as it is 

quite industrial for a New Zealand city. He tasked himself with conversing with the district 

councils to see if there would be any issues with our construction and placement of a removable 

object in the river. We also talked through our plans to collect data, which would require the 

monitoring of power output and collection of debris to observe correlations between the two. He 

Figure 40: Erosion rock that splits the river flow 

Figure 41: Nate test drilling on erosion 
rocks on shore 
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suggested we ask Riki if he would be willing to do this between trips to the project site, while the 

team was in Wellington.  

As mentioned, we also spoke at length with Eugene about the native tree nursery and the 

hapū’s aspiration of a hydroponic greenhouse. He informed us that they expect to operate the 

riparian tree nursery on a small scale, because a commercial tree nursery was not feasible. He again 

talked about the interest in a commercial scale hydroponic greenhouse to grow watercress. 

Currently, there is a need for hydroponically grown watercress, as when the plant is grown in the 

ground, it is grown in less than desirable conditions. Due to the geothermal activity in the area, the 

ground contains traces of toxins (arsenic) as well as contamination from farm runoff. There exists 

a market for hydroponically grown watercress in the Rotorua and greater Bay of Plenty region, as 

determined by the IQP in 2016. 

Eugene was also able to take the team on a trip to a New Zealand hardware store chain, 

Bunnings Warehouse. We were able to see if they would have the basic materials for boom 

construction. Lumber and basic hardware were available, but sheet metal would need to be sourced 

from elsewhere. They did, however, offer a wide selection of fastenings, Y-stakes / waratahs, and 

wires/ropes to be used for anchoring. We picked up buckets for that debris collection to take place 

the following week. 

Wednesday, January 19 was the team’s second full day on site. The team wanted to 

examine the boom’s effect on power output by first removing as many variables as they could, so 

they shut off the system to perform a thorough cleaning of the turbines, removing built up 

grime/algae (Figure 42 & Figure 43). We asked Riki if he cleaned the system often, and he said no 

since it did not affect the output. He did inform us that he will power-wash the penstock and give 

Figure 42: Turbines before cleaning Figure 43: Aaron and Paige cleaning the turbines 



32 

 

the turbines a good cleaning once a year. We conducted the cleaning and discovered 

that Riki was correct, as it had no substantial effect on the power output, but it is 

important to keep the turbines clean enough to continue to run consistently. 

With this knowledge, the team had to consider what material would be used for 

the piling and how it would be secured into the rock. Initial thoughts consisted of an 

adhesive such as epoxy or concrete. With the downstream anchoring idea shaping up, 

the team took another look at the floating wetland anchoring system. Riki showed us 

two types of pilings that were in the ground. One was a long, threaded eye bolt, drilled 

into the grown, shown previously in Figure 33. The other was a waratah, hammered 

into the ground with a sledge hammer (Figure 44). These both seemed like good 

possibilities. 

On Friday, the team left the project site and was able to update Eugene with 

the week’s progress and relay the data collection plans so he could inform Riki to 

collect the debris and keep track of the turbine output. We were also able to gain 

clarification of the use of the greenhouse, as it was very much a vague idea at the outset. We asked 

what we could produce that would be most helpful for them. Eugene asked for any basic 

requirements and early estimates with regards to cost and energy usage. 

3.3 Floating Boom Design Process - Wellington 

3.3.1 Boom Material Selection and Sourcing 

The material of each component of the boom was selected to optimize the unit’s longevity, 

stability, and strength, while keeping overall cost and maintenance to a minimum. 

Closed-cell Foam 

A closed-cell EVA (ethylene-vinyl acetate) foam, seen in Figure 45, was selected for the 

floatation component of the boom, given its low density (34 kg/m^3) and high UV resistance. The 

team sourced the material from New Zealand Rubber and Foam Ltd., a company based in Tauranga 

that delivered the material to the project site upon our second arrival to Horohoro. Candidate 

thicknesses of the foam were 40, 60, and 80 millimeters. The team selected the 40 millimeter 

thickness after consulting the calculations for buoyancy and stability to follow. Foam from this 

Figure 44: 
Waratah 

(Bunnings, 
2017) 
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distributor comes in sheets 2.4 meters long and 1.2 meters in width, but can be cut to specifications 

within this range. 

Siding 

Material for the vertical siding needed to be smooth to allow for debris to travel along the 

length of the boom without getting hung up at any point. The siding material also needed to be 

relatively dense, to help partially submerge the foam and provide stability for the boom. Marine-

grade 316 stainless steel was selected to serve this function, because of its high density (8,000 

kg/m^3) and resistivity to corrosion, especially in aquatic applications. After visiting a local sheet 

metal shop in Wellington to view samples of varying thicknesses of the metal, the team determined 

1 millimeter thickness to be ideal for our application. The 0.5 millimeter thickness was deemed 

too flexible given the length of the boom, while the 2 millimeter thickness was anticipated to be 

too rigid and heavy for this purpose.  

Top Board 

Several candidate materials were assessed for the board to be implemented above the foam. 

Initially we considered using a low-density wood, but this option was ruled out due to concerns 

for the longevity of the boom. Pressure treated wood, although it would provide a longer life span, 

was also ruled out due to environmental concerns regarding the chemicals used in pressure treating 

coming in direct contact with the stream. A rigid PVC board was determined to be the best option 

for this application, given its UV and water resistance and much longer life span. However, the 

final design did not include this component of the boom due to concerns for stability given its 

addition of weight above the water line.  

Figure 45: Foam strips to be used in 
boom 
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3.3.2 Boom calculations 

Buoyancy 

Given a number of varying parameters for each of the boom’s three components, the water 

level was calculated by equating forces of gravity and buoyancy to simulate a static state: 

Σ𝐹𝑏𝑢𝑜𝑦𝑎𝑛𝑐𝑦 = Σ𝐹𝑔𝑟𝑎𝑣𝑖𝑡𝑦 

𝜌𝐻2𝑂(𝑉𝑔)𝑓𝑜𝑎𝑚 + 𝜌𝐻2𝑂(𝑉𝑔)𝑠𝑖𝑑𝑖𝑛𝑔 +  𝜌𝐻2𝑂(𝑉𝑔)𝑏𝑜𝑎𝑟𝑑 = 𝑚𝑓𝑜𝑎𝑚𝑔 + 𝑚𝑠𝑖𝑑𝑖𝑛𝑔𝑔 + 𝑚𝑏𝑜𝑎𝑟𝑑𝑔 

Cancelling out gravity: 

𝜌𝐻2𝑂(𝑉)𝑓𝑜𝑎𝑚 + 𝜌𝐻2𝑂(𝑉)𝑠𝑖𝑑𝑖𝑛𝑔 +  𝜌𝐻2𝑂(𝑉)𝑏𝑜𝑎𝑟𝑑 = 𝑚𝑓𝑜𝑎𝑚 + 𝑚𝑠𝑖𝑑𝑖𝑛𝑔 + 𝑚𝑏𝑜𝑎𝑟𝑑 

Substituting w * L * t for volume and w * t * L * ρ for mass: 

𝜌𝐻2𝑂𝐿[𝑤𝑓𝑜𝑎𝑚(𝑡𝑏𝑜𝑎𝑟𝑑 + 𝑡𝑓𝑜𝑎𝑚 − ℎ) + 2𝑡𝑠𝑖𝑑𝑖𝑛𝑔(𝑤𝑠𝑖𝑑𝑖𝑛𝑔 − ℎ)]

= 𝐿 [(𝑤𝑡𝜌)𝑓𝑜𝑎𝑚 + 2(𝑤𝑡𝜌)𝑠𝑖𝑑𝑖𝑛𝑔 + (𝑤𝑡𝜌)𝑏𝑜𝑎𝑟𝑑] 

The calculation becomes per unit length, yielding: 

𝜌𝐻2𝑂[𝑤𝑓𝑜𝑎𝑚(𝑡𝑏𝑜𝑎𝑟𝑑 + 𝑡𝑓𝑜𝑎𝑚 − ℎ) + 2𝑡𝑠𝑖𝑑𝑖𝑛𝑔(𝑤𝑠𝑖𝑑𝑖𝑛𝑔 − ℎ)]

= (𝑤𝑡𝜌)𝑓𝑜𝑎𝑚 + 2(𝑤𝑡𝜌)𝑠𝑖𝑑𝑖𝑛𝑔 + (𝑤𝑡𝜌)𝑏𝑜𝑎𝑟𝑑 

Where: 

ρ = density 

V = volume 

g = gravity 

m = mass 

h = distance from top of boom to water level 

w = width 

t = thickness 

L = boom length 

Stability 

The team recognized the importance of stability in the design for the floating boom. The 

degree of stability was calculated given varying parameters to ensure that the boom would not 

have the tendency to roll once installed. A benchmark for the degree of stability of a merchant ship 

had a metacentric height between 0.3-1.0 m was determined to be sufficient for our application 

according to Singh in his Experiments in Fluid Mechanics. The greater the metacentric height, the 

greater the stability. In comparison, Table 3 displays metacentric heights for varying vessels: 

Vessel Metacentric height [m] 

Merchant ship 0.3 – 1.0 

Sailing ship 0.45 – 1.25 

Warships 1.0 – 1.5 

River craft Up to 3.5 

Table 3: Metacentric heights for varying vessels (Singh, 2012) 
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To calculate the degree of stability, the center of buoyancy, center of gravity, and resulting 

metacenter must be determined first. The center of buoyancy was calculated by summing up the 

weighted center of gravities for each component of the boom and dividing this total by the total 

boom mass as shown in the equation below: 

𝑦𝑔 = (𝑚𝑠𝑖𝑑𝑖𝑛𝑔𝑦𝑠𝑖𝑑𝑖𝑛𝑔 + 𝑚𝑓𝑜𝑎𝑚𝑦𝑓𝑜𝑎𝑚 + 𝑚𝑏𝑜𝑙𝑡𝑠𝑦𝑏𝑜𝑙𝑡𝑠)/𝑚𝑡𝑜𝑡𝑎𝑙 

Where: 

𝑦𝑔 = center of gravity 

m = total mass for the specified component 

y = distance from the reference point (bottom of the siding) in the y-direction to the center of 

gravity for the given component 

 

The center of buoyancy was calculated using a similar method in which the weighted center 

of displaced water was divided by the total mass of water displaced. For this calculation, all 

materials were assumed to be impermeable to water, and the amount of material submerged was 

based on the waterline calculations described previously. Thus, the equation used was as follows. 

𝑦𝐵 = (𝜌𝐻2𝑂𝑉𝑠𝑖𝑑𝑖𝑛𝑔𝑦𝑠𝑖𝑑𝑖𝑛𝑔 + 𝜌𝐻2𝑂𝑉𝑓𝑜𝑎𝑚𝑦𝑓𝑜𝑎𝑚 + 𝜌𝐻2𝑂𝑉𝑏𝑜𝑙𝑡𝑠𝑦𝑏𝑜𝑙𝑡𝑠)/𝑚𝐻2𝑂 𝑡𝑜𝑡𝑎𝑙 

 

Where: 

𝑦𝐵 = center of buoyancy 

𝜌𝐻2𝑂  = density of water 

V = Total volume submerged in water for the specified component 

𝑦 = distance from the reference point in the y-direction (bottom of the siding) to the center of 

displaced water volume for the specified component 
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The metacenter could then be determined using these parameters. In fluid mechanics, the 

metacenter is the intersection point between two lines connecting the center of gravity and center 

of buoyancy, as show in Figure 46 and Figure 47. The first line runs through the initial center of 

gravity and center of buoyancy, and the second line runs through the initial center of gravity and 

a new center of buoyancy resulting from a tilt in the vessel. This shift can be approximated using 

the least second moment of area for a given shape as demonstrated by Mansoor Janjua.  

 

 

The metacenter can be calculated using the following equation: 

𝑦𝑀 = 𝑦𝐵 + 𝐼𝐴𝐴/𝑉𝑑𝑖𝑠𝑝𝑙𝑎𝑐𝑒𝑑 

Where: 

𝑦𝑀 = metacenter 

𝐼𝐴𝐴 = least second moment of area for a rectangular shape 

𝑉𝑑𝑖𝑠𝑝𝑙𝑎𝑐𝑒𝑑 = total volume of displaced water 

 

After finding these three parameters, the degree of stability, otherwise known as the 

metacentric height, can be estimated by simply subtracting the center of gravity from the 

metacenter: 

𝐻𝑚𝑒𝑡𝑎𝑐𝑒𝑛𝑡𝑟𝑖𝑐 = 𝑦𝑀 − 𝑦𝑔 

Due to concerns regarding the stability and flexibility of the boom following our initial 

calculations, the team refined the design by eliminating the top board of the boom all together. In 

doing so, we were able to achieve a much greater stability. The boom would also be less rigid and 

thus able to bend according to flow in the stream. With the new design involving only two major 

Figure 46: Visual representation of stability 
parameters (“Metacentric Height,” 2016) Figure 47: Metacentric height 
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components, the foam and metal siding, the determining factor for the calculations to follow was 

the desired siding height above and below the water level. The team took into consideration the 

relatively low depth at the micro-hydro's intake, specifically where the boom was to be installed, 

and determined that the siding was to be 12 centimeters in height, with 6 centimeters submerged 

and 6 centimeters above the surface of the water. Again setting the forces of gravity and buoyancy 

to be equal, we were able to calculate the location of foam relative to siding that would yield the 

desired height above and beneath the surface. 

Σ𝐹𝑏𝑢𝑜𝑦𝑎𝑛𝑐𝑦 = Σ𝐹𝑔𝑟𝑎𝑣𝑖𝑡𝑦 

(𝜌𝑉𝑔)𝑓𝑜𝑎𝑚 + (𝜌𝑉𝑔)𝑠𝑖𝑑𝑖𝑛𝑔 = 𝑚𝑓𝑜𝑎𝑚𝑔 + 𝑚𝑠𝑖𝑑𝑖𝑛𝑔𝑔 

𝜌𝑔[(𝑉𝑓𝑜𝑎𝑚 + 𝑉𝑠𝑖𝑑𝑖𝑛𝑔) = 𝑔(𝑚𝑓𝑜𝑎𝑚 + 𝑚𝑠𝑖𝑑𝑖𝑛𝑔) 

Substituting L * w * t for volume, with t = 6, 

𝜌[𝑤[6 − (𝑥 + 𝑦)]]𝑓𝑜𝑎𝑚 + 6(𝑤)𝑠𝑖𝑑𝑖𝑛𝑔] = (𝑤𝑡𝜌)𝑓𝑜𝑎𝑚 + (2𝑤𝑡𝜌)𝑠𝑖𝑑𝑖𝑛𝑔 

Where:

𝑥 = height of foam above water level [cm] 

𝑦 = height of siding above foam [cm] 

𝑤 = width 

𝑡 = thickness 

𝜌 = density 

L = length of boom 
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With the refined design, we were able to meet our goal of achieving the stability of a small 

seagoing vessel. The metacentric height for the refined design was 0.43 m, not yet accounting for 

any hardware to be added to the design. 

3.3.3 Final Design 

Following the decision to eliminate the top component of the boom, the challenge then 

became how to fasten the foam and siding without adding excess weight above the waterline. To 

achieve this, we selected 316 stainless steel M8 threaded rod, which would be implemented above 

and below the foam every 80 centimeters for the length of the boom. With the rods spanning 

through the sheet metal, nuts would be implemented on the outside and inside of the siding, holding 

the sheet metal at fixed locations along the threaded rod. Five 1-meter lengths of threaded rod were 

cut in Wellington to yield 20 sections, each about 240 mm in length after the cuts had been made 

and ends sanded to restore the threads.  

The final design for the boom, depicted in Figure 48, developed using the above calculations 

for buoyancy and stability, consisted of the following components: 

- Six 316 stainless steel sheets: 1 mm thick, 120 mm wide, 2.4 m long 

- Three sheets of EVA foam: 40 mm thick, 220 mm wide, 2.44 m long 

- Five meters of M8 316 stainless steel threaded rod, cut into 20 pieces ≈ 24 cm long 

- Forty M8 316 stainless steel hex nuts 

- Forty M8 316 stainless steel nylon-insert lock nuts 

Figure 48: SolidWorks rendering of the boom and water level 
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3.4 Boom Construction and Installation – Trip 2 

The construction of the boom was conducted during the team's second trip to the project 

site in Horohoro. Eugene brought us to Bunnings Warehouse and Sheetmetal Industries, Ltd. to 

pick up hardware, anchoring materials, and sheet metal in Rotorua. Construction began thereafter 

at the project site in Horohoro.  

The first step in constructing the boom was measuring the hole locations for the threaded 

rod in the stainless steel sheets. The hole locations reflected the buoyancy calculations and final 

design developed by the team. Forty 

millimeters separated the top and bottom rows 

of threaded rod to allow for the insertion of the 

EVA foam between the rods. The center of the 

top row of bolts would be 24 millimeters from 

the top edge of the stainless siding, with the 

bottom row 72 millimeters from the same top 

edge, leaving exactly 40 mm between the 

inserted bolts. The team deemed 10 

millimeters to be an appropriate minimum 

distance from the edge of the stainless siding 

to the edge of any hole, including those on the ends of the boom and those where the sheet metal 

would overlap at each of the three sections. After these marks were made and double checked, 

Aaron began prick punching these locations in 

preparation for drilling, seen in Figure 49. Nate drilled 

holes with an M8 size drill bit in the stainless steel.  

Four stainless steel eye bolts were to be installed on 

each end and each side of the floating boom for 

anchoring purposes. Although the calculated water 

line for the boom was closer to the bottom row of 

bolts, the eye bolts were placed at the midpoint 

between the two rows, to account for any variation 

Figure 49: Aaron prick-punching the sheet metal 

Figure 50: Nate drilling the stainless steel 
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between theory and reality and ensure that the boom would not be anchored from beneath the water 

level. 

Once the stainless steel sheets had been marked according to the aforementioned 

specifications, they were carried to an area where the drilling would occur. The team used a prick-

punch to make divots in the sheet metal to guide the drill bit and prevent it from sliding away from 

the correct hole location. Nate began drilling the holes, seen in Figure 50, first with a smaller bit 

to create a “pilot” hole in the interest of preserving the M8 bits needed to complete each one. Oil 

was used to keep the bits cool during drilling while maintaining a low drill RPM to keep cutting 

speed relatively low. After all 44 holes had been drilled, only one of the two 8 mm HSS drill bits 

purchased by the team had been burned out, which was a testament to the precautions taken to 

preserve the bits. Paige sanded the backside of the stainless steel with course sandpaper on an 

electric sander to smooth out the surface surrounding each hole.  

With the stainless steel siding prepared, the threaded rod and nuts were inserted to conjoin 

both sides and each section of the boom (Figure 51). Four nuts were employed on each piece of 

threaded rod: locking hex nuts on the outside of the siding and standard 316 stainless hex nuts on 

the inside. This would allow the threaded rod to serve as spacers between the siding so that the 

EVA foam would not have to bear any load across its width in the horizontal direction. The sections 

were joined such that the siding would overlap in the direction of the flow along the side that would 

deter debris, so that no point existed that may catch debris along the length of the boom. The four 

eye bolts were installed, two at each end, using locking hex nuts. The EVA, closed-cell foam was 

inserted between the top and bottom rows of bolts and secured using nylon cord tied along the top 

row and at each end of the boom (Figure 52). 

Figure 51: Paige beginning boom assembly  Figure 52: Nate tightening the nylon cord 
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The boom was anchored using three 0.8 meter waratahs, galvanized bow shackles and rope. 

Two waratahs were placed upstream of the boom and on opposite sides of the stream, with the 

third on the opposite bank as the intake, downstream of the boom. A pre-existing piling that served 

as the end of a fence surrounding the intake was used as the final anchoring point on the 

downstream end. The waratahs were driven into the banks with a sledgehammer, with shackles 

and rope connecting them to the boom. Each shackle has a working load limit of 330 kg. The 8 

millimeter diameter rope has a breaking strength of 1,000 kg, but will likely need replacing after 

anticipated wear and tear. Figure 53 displays the boom after its initial installation at the end of the 

team’s second trip to the project site.  

 
Figure 53: Boom's initial installation, anchored in front of the intake 
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 With the boom in the water, the team was curious to see if it was floating at the calculated 

level. Figure 54 shows the water height on the boom shortly after its initial placement into the 

stream. It measured in at around 6.8 cm, very close to our anticipated 6 cm water line.  

3.5 Boom Design Refinement – Trip 3 

3.5.1 Assessment 

         During Week 6, the team returned to the project site for their final trip to assess the 

effectiveness of the boom. There was a large rainstorm that came through the area in the days 

leading up to this trip and the team was curious to see the status of the boom after the severe 

weather. When we got to the site, we discovered that the foam on the upstream side of the boom 

had dislodged due to the heavy flow caused by the 

storm. The leading edge of the boom, without a sort of 

“bow” to protect it in heavier flows, had a tendency to 

submerge, adding a downward force to the foam and 

causing it to be dislodged, seen in Figure 55. After 

consulting with Riki regarding this problem, we 

decided a nose piece installed on this upstream end of 

the boom would prevent this from recurring. The 

Figure 54: Waterline on the boom 

Figure 55: Dislodged foam after storm 
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nosepiece would divert water around each side of it, leaving the foam undisturbed by the water 

flow. In addition to the nosepiece, more nylon was added to the design, which now included 3 

strings along the top and two along the bottom to make sure it was secured (Figure 57). The water 

level on the boom had rose about 1 cm since the last visit, which was attributed largely to the 

upward bowing of the foam pieces between sets of bolts along the length of the boom. Figure 56 

displays this waterline, just over hallway up the boom. In addition, the team also decided to install 

a mesh screen to catch submerged debris. 

3.5.2 Design Modifications 

With this idea in mind, we thought about the shape of the nosepiece that would allow it to 

best serve its function. Considering manufacturability and durability, the team decided to simply 

bend a piece sheet metal into a rounded shape, as completely folding the metal into a v shape 

would create a point of weakness and be more difficult to attach to the existing boom design. The 

team conducted an elementary calculation to determine the length of the metal sheet needed to cap 

the end: 

1/2 𝐶 =  𝜋𝑟 

Where C is the circumference and r is the radius, which is the width of the boom. With this 

calculation, the team determined the minimum length of the nosepiece to be 35 cm, but considering 

the length needed to overlap the siding to fasten the piece, we decided 50 cm would be an 

appropriate length. 

The team was able to get into town to the sheet metal company that had originally provided 

the siding for the boom, Sheetmetal Industries Ltd., where we were able to have a piece cut to 

Figure 56: Water line after 1 week Figure 57: Electric tape around threaded rod to protect 
nylon 
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serve as the nosepiece for the floating boom. The piece was the same thickness and width as the 

siding (1 mm and 120 mm,y)  respectively, and 50 cm in length, as determined. While in Rotorua, 

the team also purchased more nylon cord and electrical tape to minimize the upward bowing of 

the foam sheets between bolts along the length of the boom. The result of these additions can be 

seen in Figure 58. 

 Given the inability of a floating boom to prevent submerged debris from entering the 

micro-hydro’s intake, the team decided to supplement the floating boom installment with a mesh 

screen that would extend from the river bed to the river surface and thwart any submerged debris 

from entering the system’s intake. To accomplish this, the team considered several options. 

Initially, we intended to fasten the mesh screen to the boom to achieve a self-cleaning angle 

without the need for additional anchoring on shore. However, after considerations for the 

functionality of the boom under flood conditions, given that the mesh screen would be anchored 

to the river bed and might sink or warp the boom in this case, we decided to install the mesh screen 

independently, but at a similar angle and directly behind on the intake side of the boom. To do so, 

two additional 1.5 m waratahs were purchased for anchoring, along with rope and shackles to 

secure the top edge of the screen. After measurements of the water depth at this location were 

taken, the team folded the mesh twice over itself for strength, still leaving ample length in 

Figure 58: Addition of the nosepiece and extra nylon 
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accordance with the measurements taken, and installed 10 brass plated grommets equally spaced 

along the top of the 5 meter length of the mesh (Figure 59). 

Following the installation of grommets and anchoring materials, the mesh screen was ready 

to be implemented. Because drilling into the riverbed would require resource consent from several 

local councils, the team chose to anchor the mesh on the bottom of the stream using large rocks 

left over from the micro hydro construction. With these in place, the screen was pulled from both 

ends to the two waratahs installed on the river bank, and pulled taught by another length of rope 

running from end to end along the mesh and through the grommets which had been installed in the 

folded top edge. Figure 60 displays the mesh installed and being anchored with erosion rocks. 

Figure 59: Mesh before and after grommet addition 

Figure 60: Mesh being held down by rocks 
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With the mesh in place, the micro hydro intake was conceivably immune to debris, both 

floating and submerged. However, the screen was not self-cleaning like the boom, and after 

becoming less porous with debris 

buildup over time, would dip beneath 

the surface due to the consequential 

increased force on the unit. To mitigate 

this effect, the micro hydro intake gate 

could be temporarily closed, which 

stops flow to the intake, allowing the 

mesh screen to be cleared by the natural 

flow of the stream parallel to it. After 

this has been done, the top edge of the 

screen returned to its position above the 

surface of the water, allowing it to 

function properly again. The morning 

before leaving the site, the team also 

decided to cut up the extra piece of 

skinny foam to insert into the mesh to 

help keep it afloat (Figure 61). Figure 

62 and Figure 63 show the boom in the water with the nose piece and the final configuration. 

 

 

Figure 61: Mesh and boom system 

Figure 62: Nose piece Figure 63: Full view of intake 
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3.6 Post-Installation and Final Design Refinements – Trip 4 

On March 17, team member Paige returned to the project site to conduct a post-installation 

assessment of the boom. The area had just endured a 20-year storm, with a heavy deluge of rain. 

According to Eugene, there was a month’s worth of rain in one night. This wreaked havoc on the 

stream with flood waters rising over a meter, seen in Figure 64. As expected with a storm of this 

magnitude, the rocks holding down the mesh had dislodged and the mesh was now flowing freely 

in the water, no longer stopping any debris. However, before the storm, the mesh was catching so 

much submerged debris that it was being pulled underwater. To clean the mesh, Riki closed the 

intake to create a back-washing effect and allowing the mesh to be cleared with the current as the 

water was no longer rushing into the intake. 

 

Upon Paige’s arrival to the site, the boom was sitting on the bank of the stream out of the 

water. Riki had removed the boom after the storm, and its far-side lines were detached. While the 

boom was anchored in the water, these lines were submerged, and pulled along with the current, 

catching a great amount of debris, especially in the storm waters. An example of the debris build-

up can be seen on the cable wires that anchor the floating wetland, located just downstream (Figure 

65). This large amount of debris in combination with the flood waters caused one waratah to 

dislodge from the far bank. The other waratah on the far bank was more firmly in place, however 

Flood water 
level 

Figure 64: Flood level waterline 
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the rope could not be pulled through the bow shackle as easily as designed, so the rope was untied 

and let go to the other side of the river. The debris that the far-side lines caught also put the boom 

under great shear stresses, causing 

deformation. The stream side of the 

boom attached to the far-side lines 

was pulled so much that the 

threaded rods were no longer 

perpendicular to the sheet metal 

siding (Figure 66). 

 

In addition, the piece of foam that had dislodged and been severed by the sheet metal siding 

after a small storm in the week following the boom’s initial implementation was now completely 

broken off (Figure 67). Fortunately, there were two extra pieces 

of foam that we could use as replacement piece. In doing so, the 

nose piece had to be removed and the end of the boom partly 

disassembled. Replacing this foam proved to be a more difficult 

task than initially thought. The nylon lines that run above and 

below the piece were challenging to maneuver and got tangled 

up with the installation of the replacement foam piece. After the 

foam was back in place, the lines needed to be straightened out 

and untangled. The nylon’s force from threaded rod to threaded 

rod also caused significant bowing of the sheet metal siding. We 

discovered the 

nylon to no 

longer be long enough with the boom’s new 

shape. Wire ties were used as an extension to 

attach the end of the nylon to the last threaded 

rod. 

         With the boom as well-repaired as it could be, it was returned to the river in working 

condition (Figure 68). Unfortunately, because of the storm waters, no data was taken as the system 

had to be shut down in the week leading up to Paige’s visit. However, in speaking with Riki, he 

Figure 65: Debris after flood on line 

Figure 66: Boom deformation after 
flood 

Figure 67: Broken foam 
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said that the boom was doing its job and there was much less floating debris getting to the intake 

grate. NKNT is also in the process of installing WiFi at the marae. Once this happens, power output 

will be able to be monitored remotely. 

3.7 Greenhouse Modeling 

 During the team’s time in New Zealand, we reached out to local hydroponic specialists that 

had experience growing watercress. One of the most helpful people we were in contact with was 

Neville Stocker, technical director for PGO Horticulture LTD. In addition to conversing with him 

through email, team member Paige was able to visit his business in Tirau, a small town west of 

Rotorua, and have a face-to-face interview with Neville on March 23, 2017. His expertise and 

advice is referenced throughout this section.  

3.7.1 Energy Balance 

For optimum plant growth, the temperature must be maintained within a certain range. 

While New Zealand’s climate is relatively moderate compared to many parts of the world, the 

temperature still dips below 10 degrees Celsius in the winter, and frosting is a concern on 

particularly cold nights according to World Weather Online (“Rotorua Monthly Climate,” 2017). 

Thus, we have performed design calculations to estimate the heating requirements a theoretical 

greenhouse having the appropriate dimensions for the plot of land in Horohoro. 

Figure 68: Boom back in the water after repairs 
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For this calculation, previous literature demonstrates several methods of estimating heating 

costs for greenhouses as described in Section 2.4. Our group decided to pursue a quasi-steady state 

approach that performs a total system heat balance rather than a layer by layer as described by 

Silveston et al. A system of differential equations was solved that includes a water vapor balance, 

a total energy balance, and two energy balances on the double layer shell.  

Since the humidity should be controlled for optimum plant growth and significantly 

changes the specific heat of the air, a water vapor balance was performed that accounted for the 

water vapor entering the greenhouse via air circulation and transpiration and via air circulation, 

condensation, and dehumidification. The resulting balance is shown below. 

𝑀𝑤𝑖 + 𝑀𝑤3 = 𝑀𝑤𝑜 + 𝑀𝑤4 + 𝑀𝑤5 

Where: 

𝑀𝑤𝑖 = total water vapor entering the greenhouse via air circulation 

𝑀𝑤3 = transpiration rate 

𝑀𝑤𝑜  = water vapor leaving the greenhouse via air circulation 

𝑀𝑤4 = water vapor removed via dehumidification 

𝑀𝑤5 = water vapor condensing on the greenhouse shell 

 

The total energy balance around the system assumes that all energy entering the greenhouse 

either exit or be absorbed into items inside of the structure, such as the soil or air. The heat leaving 

the greenhouse can be categorized into three main types of heat loss, namely radiation, 

condensation, and convection. Thus, the total heat balance can be approximated by the following 

equation: 

𝑆1 = 𝐿1 + 𝐿2 + 𝐿3 + 𝑀𝑎𝐶𝑝(𝑡𝐼 − 𝑡𝐸) + 𝑄𝑔 − 𝜆(𝑀𝑤4 − 𝑀𝑤3) 

Where: 

𝑆1 = heat input required to maintain temperature 𝑡𝐼 

𝐿1 = convection heat loss 

𝐿2 = condensation heat loss 

𝑀𝑎  = mass of air in the greenhouse 

𝐶𝑝 = specific heat of air in the greenhouse 

𝑡𝐼 = internal temperature of the greenhouse 

𝑡𝐸 = external temperature 
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𝑄𝑔 = heat loss to the soil 

𝜆 = latent heat of condensation 

 

A double paned plastic shell, consistent with Silveston et al., was chosen for this estimate. 

Since the temperature differs significantly on each side of the cover, a shell balance around each 

side was performed. For the inner layer, heat gains from radiation, condensation, and convection 

inside the greenhouse were set equal to radiation and conduction heat losses to the outer layer. The 

overall balance is shown below: 

ℎ𝐼(𝑡𝐼 − 𝑡𝑔1) + 𝜆𝑘𝑐(𝐶𝑎𝑚 − 𝐶𝐴) + 𝜎𝐹(𝑡𝐼
4 − 𝑡𝑔1

4 ) =
𝑘∗

𝑥
(𝑡𝑔1 − 𝑡𝑔2) + 𝜎𝐹(𝑡𝑔1

4 − 𝑡𝑔2
4 ) 

Where: 

ℎ𝐼 = the interior convective heat transfer coefficient 

𝑡𝐼 = interior temperature 

𝑡𝑔1 = temperature of the inner cover layer 

𝑘𝑐 = convective mass transfer coefficient 

𝐶𝑎𝑚 = mean absolute humidity 

𝐶𝐴 = the absolute humidity 

𝜎 = Stefan-Botlzmann constant 

𝐹 = radiation view factor for the greenhouse shell 

𝑘∗= the thermal conductivity of air between two plastic films 

𝑥 = distance between the plastic films 

𝑡𝑔2 = temperature of the outer cover layer 

 

Radiation view factors were approximated for a given greenhouse geometry and plastic 

transmissivity. A full explanation for the radiative view factor is cited in the appendix of Silveston 

et al. For the outer layer, conduction and radiation heat gains from the inner layer are equated to 

convection and radiation heat losses to the environment. The resulting equation is shown below: 

𝑘∗

𝑥
(𝑡𝑔1 − 𝑡𝑔2)𝑥 + 𝜎𝐹(𝑡𝑔1

4 − 𝑡𝑔2
4 ) = ℎ𝐸(𝑡𝑔2 − 𝑡𝐸) + 𝜎𝐹(𝑡𝑔2

4 − 𝑡𝑠𝑘𝑦
4 ) 

Where: 

ℎ𝐸= external convective heat transfer coefficient 
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𝑡𝐸 = outside temperature 

𝑡𝑠𝑘𝑦= temperature of the deep sky to which heat is radiated 

 

MathCad was used to solve these four questions for four unknown variables, 𝑆1, 𝑀𝑤4, 𝑡𝑔1, 

and 𝑡𝑔2 for specific atmospheric conditions chosen to best represent each month of the year based 

on weather data available for the region. For each month, a day and a night set of conditions was 

utilized, resulting in 24 atmospheric conditionals each representing approximately 15 days. This 

process was repeated for combinations of windy, calm, cloudy, and clear conditions. By summing 

the total heat requirement for each time period, a total annual heat requirement was estimated to 

maintain optimal growing conditions for watercress. A separate heat total was reported for each 

winter month since heating during cold months will be more critical. Additionally, heating may be 

unnecessary during summer months. 

Discussion of Inputs 

Weather 

For each time period, the temperature, humidity, cloud cover, and incident radiation was 

adjusted based on available data. Temperatures, humidity, and cloud cover data was obtained from 

World Weather Online for 2016 and applied to this simulation. The monthly high and low 

temperature values were used to represent the daytime and nighttime temperatures for the model, 

respectively. Average humidity and cloud cover percentage values were reported for each month, 

and were used for both the daytime and nighttime inputs for the model. While we acknowledge 

that these values the humidity and cloud cover will change throughout the day, data for the average 

humidity and cloud cover for each month was not available. 

Radiation Terms  

Incident solar radiation values on a horizontal surface throughout the year at 40° N latitude 

were taken from the ASHRAE Handbook of Fundamentals as cited in Cengal & Ghahar, 2015. 

Since Horohoro is located at 38.2° S, these values were assumed to be reasonably accurate. Values 

were reported for each of the four seasons at this latitude, one for the month of January, April, 

July, and October.  Hourly incident radiation values given in the table were averaged over a period 

of 12 hours to determine an average daily radiation value that was input into the model. It is 

important to acknowledge that incident radiation values do vary throughout the day, but an average 
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was assumed to be appropriate for the model in keeping with the quasi-steady-state approach for 

24 time periods. Since this table reported seasonal radiation values for the northern hemisphere, 

our model switched the January and July data as well as the April and October data to account for 

the seasonal difference between hemispheres. For each cloud cover input, a Cloud Cover Factor 

(CCF) was reported following recommendations from “Solar Radiation on Cloudy Days,” a paper 

written by K. Kimura and D. G. Stephenson in conjunction with the National Research Council of 

Canada. In this paper, a plot of CCF with respect to cloud cover was generated, and our team 

interpolated on this model to estimate the CCF for the average cloud cover for a given month. This 

CCF was multiplied by the Incident Radiation for the simulations. This model was validated in the 

Kimura and Stephenson’s study for weather in several major Canadian cities and was found to be 

reasonably accurate. Transmissivity and absorptivity values for polyethylene were taken from 

Pieters & Deltour, 1997.  

For radiation terms between layers of the greenhouse, the view factors used were based 

upon the geometry of the system. For radiation between the two layers of the cover, a view factor 

of 0.9 was applied with the assumption that the layers behaved as infinite parallel planes with an 

emissivity of about 0.9. For radiation interactions between the cover and the internal greenhouse 

air, a view factor of 0.58 was used. This view factor was also used to approximate radiation 

between the ground and the cover. Details for this calculation are referenced in Silveston et. Al. 

This procedure approximates this grey body view factor by using direct radiation view factors for 

a greenhouse represented by half of a cylinder, where the flat plane represents the plant mass, the 

ground is parallel beneath, and the cover is the curved portion of the cylinder. The emissivity for 

both the plant mass and the plastic shell was approximated to be 0.9 based on their study. Radiation 

view factors between the outer cover layer and the sky was assumed to be unity.  

Convection Terms 

 Convective terms included interior convection on the inner cover layer and exterior 

convection on the outer cover layer. For both convection terms, the convective heat transfer 

coefficient was taken from the ASHRAE Guide and Data book per the method of Silveston et al. 

For this approximation, the interior convective heat transfer coefficient was found to be 7.4 

W/m2/K, and the exterior coefficient was estimated to be 9.1 W/m2/K for still air and 34.1 W/m2/K 

for a windy condition of 28 km/h.  
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Conduction Terms 

 For the cover layer heat balances, a conductive heat transfer coefficient for the air between 

the two plastic layers was estimated based on empirical data. The resulting effective conductive 

heat transfer coefficient was approximately four times the conductivity of still air. Thus, a value 

of 0.10 W/m/K was used for a distance of 25 mm between plastic layers.  

Condensation Terms  

 Condensation heat loss was approximated by multiplying the latent heat of condensation 

by a mass transfer coefficient, the difference in absolute humidity between the bulk greenhouse 

air and the air directly above the inside cover, and the area of the cover. The mass transfer 

coefficient for condensation was calculated by Silveston et al. by applying j-factor correlations. 

For this calculation, the internal air velocity was assumed to be 0.5 m/s. The resulting coefficient 

was found to be consistent with ASHRAE data. The absolute humidity at the greenhouse cover 

was calculated by multiplying the relative humidity by the maximum absolute humidity for the 

temperature of the inside greenhouse cover.  The same method was used to determine the absolute 

humidity of the interior for the specified interior temperature.  

Water Vapor Balance Terms 

 For the water vapor balance, the only unknown was the amount of water that needed to be 

added or removed by the humidification or dehumidification to maintain a given internal relative 

humidity. All other quantities were estimated from known data. The rate of condensing water on 

the cover was found by multiplying the condensation mass transfer coefficient by the area of the 

cover and the difference in absolute humidity for the cover temperature and the interior bulk 

temperature. The evapotranspiration rate was based upon research by Silveston et al., which 

reports that, on a sunny day, the evapotranspiration rate reaches 0.66 mm H20/h, and at night the 

value drops to roughly 0.05 mm H20/h. This value was converted to kg/s using conversion factors 

discussed in the FAO Corporate Document Repository in their Introduction to Evapotranspiration 

page (“Chapter 1,” n.d.). 

3.7.2 Recirculation System 

In section 3.1.3, six different commonly used hydroponic methods were discussed. After 

conversations with hydroponic greenhouse experts, we have chosen to utilize the nutrient film 

technique (NFT) for this watercress design. This method yields high quality lettuce strain as a 
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result of tight nutrient control and a reasonable amount of maintenance. Since the NFT approach 

was chosen for this hydroponic system design, a water recirculation system must be implemented. 

As discussed previously, water is pumped to the top of each channel and nutrient solution flows 

down the incline, delivering nutrients to each of the plants.  

 Our team initially tried to calculate the water requirements and recirculation rates based on 

the uptake rate of nutrients in watercress, but, after speaking with NFT experts, a better approach 

was adopted that focuses on heuristics. Over the last few decades, rules of thumb have been 

established for water flows and circulation rates for watercress grown hydroponically. 

Additionally, the nutrient film technique involves maintaining a specific water level that only 

submerges the base of the roots in nutrient solution, allowing the remainder of the roots to be 

naturally oxygenated from the air. Thus, Neville recommended a set of values for a system having 

the dimensions we specified. Furthermore, he recommended specific materials and parts to 

construct the system. Additional research was performed online and other hydroponic experts were 

consulted to find more information. Our estimate for annual water requirements are based on these 

recommendations. 

3.7.3 Electricity Requirements  

One of the original motivating factors for constructing a greenhouse was to utilize excess 

energy produced by the micro hydro unit. Ideally, the greenhouse could run solely on the micro 

hydro unit’s energy. Thus, determination of the electricity requirements for this greenhouse is an 

important step in this engineering feasibility assessment. 

The first step in this estimation was to establish which components of the greenhouse will 

require electricity and how much electricity they will use. The electrically active components 

identified by our team included the water pump, pH monitoring system, water heating equipment, 

and air heating equipment (if necessary). For each component, the electricity requirements were 

specified in the product’s information. The wattage was then multiplied by the approximate 

amount of annual run time to achieve the estimated total electricity requirement. 

Nutrient Solution Pump 

A small pump will be required to carry the nutrient solution from the bottom of each 

slightly pitched table back to the top. For the purpose of this calculation, we are assuming three 15 

meter long tables, each 1.2 meters in width to be employed within the greenhouse. A 3% grade is 
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typical in such applications, meaning each table will drop 45 centimeters along its length, but head 

losses will be assumed to be 1 meter. To size the pump, the method described in University Upstart 

article “Sizing a Pump for Hydroponics or Aquaponics” was used. In this method, the total flow 

rate required and head required are used to read a pump curve from a supplier such as Active Aqua. 

The flow rate is estimated based on the number of gullies used and a heuristic for the flow per 

gully. In this case, a heuristic of 4-6 GPH was used for our assumption of 25 gullies, resulting in 

approximately 100 – 150 GPH requirement. 

Heat Exchanger 

Because the nutrient solution must be heated and within a certain temperature range, a heat 

exchanger will be necessary to maintain this temperature within the tank. The tank is assumed to 

be 450 liters. Optimum temperature for the nutrient solution is 16 degrees Centigrade, but water 

in the tank will be assumed to be 18 degrees in anticipation of convective heat loss as the solution 

flows down the 15 meter long tables. Heat needed to maintain this temperature within the tank can 

be estimated by summing the heat lost to conduction through the tank and convection as the 

solution travels down the tables and returns to the tank. For a barrier of constant thickness, such 

as the 450 L tank, conduction is defined as follows: 

𝑄

𝑡
=

[𝑘𝐴(𝑇ℎ𝑜𝑡 − 𝑇𝑐𝑜𝑙𝑑)]

𝑑
 

Where:  

𝑄

𝑡
 = heat transferred/time 

𝑘 = thermal conductivity of tank 

𝐴 = area of the conductive surface 

𝑇ℎ𝑜𝑡 = solution temperature = 18 degrees C 

𝑇𝑐𝑜𝑙𝑑 = ambient greenhouse air temperature 

𝑑 = thickness of tank walls 

The heat lost to forced convection as the solution travels down the pitched tables can be estimated 

using the convection equation. 

𝑄

𝑡
= ℎ𝑐 ∗ 𝐴 ∗ (𝑇ℎ𝑜𝑡 − 𝑇𝑐𝑜𝑙𝑑) 

Where: 

𝑄

𝑡
 = heat transferred/time 
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ℎ𝑐 = convective heat transfer coefficient 

𝐴 = area of the convective surface = 54 m2 

𝑇ℎ𝑜𝑡 = solution temperature = 18 degrees C 

𝑇𝑐𝑜𝑙𝑑 = ambient greenhouse air temperature 

Although other forms of heat transfer exist in this circumstance, summing the heat lost to 

forced convection down the tables and conduction through the tank will result in a good estimate 

for solution heat loss with which we can estimate energy usage and provide recommendations for 

a heat exchanger to maintain an ideal solution temperature.  

3.7.4 Cost Estimate 

After the heating, recirculation system, electricity, and structural requirements were 

calculated, a cost estimate for the entire system was estimated. Equipment was specified and a cost 

estimate was provided based on research online and emails with vendors.  A cost estimate for 

electricity was also provided based on a data from NKNT electric bills. The total cost for each of 

the elements analyzed in this paper was summed to estimate a total cost that excludes operational 

labor and project management costs. 
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Chapter 4: Results and Discussion 

4.1 Boom Results 

Our team successfully designed, constructed, and implemented a floating boom and mesh 

system that deflects floating debris downstream and catches submerged debris without negatively 

affecting flow into the turbine system inlet. A demonstration of the floating boom in action is 

shown in Figure 69. Floating debris approaches the boom, slides along the sides, and continues 

downstream.  

The images above highlight the effectiveness of the floating boom. However, we 

acknowledge that for the demonstration above the boom had not yet been anchored. The anchor 

lines to the opposite side of the stream did collect some debris, but this was addressed later in the 

project and these two anchor points were removed. Thus, the final design does not catch significant 

levels of debris on the anchoring lines. 

Figure 69: Boom in action 
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The floating boom's waterline level slightly varied (about 1 cm) from the intended 

waterline that was used to calculate the appropriate height of foam relative to the siding. However, 

the boom did still function well sitting slightly lower in the stream, and there was still sufficient 

siding above the surface of the water to prevent debris from going over the structure. Given that 

closed-cell EVA foam absorbs virtually no water, this difference between theory and practice was 

attributed to the foam bowing slightly upward between pairs of threaded rods along the length of 

the boom, raising its center of buoyancy. The boom also proved to be stable, even in stormy 

conditions. 

In addition to the success of the boom, the mesh effectively caught submerged debris as 

shown in Figure 70. When the mesh system became congested, Riki was able to flush it by closing 

off the inlet and allowing backpressure to wash off the debris. The suction returned upon reopening 

the inlet.  

The Pokaitu Stream at the project site is subject to varying conditions. For one, the stream 

must pass through a series of farms before reaching the marae. The farming activities vary daily, 

and so does the debris washed into the stream. The river’s conditions are also highly dependent on 

the weather, which changes drastically season to season. These variables made it difficult to 

quantify the impact the boom had in terms of an increase in electricity production. In an attempt 

to do so, the team asked Riki to record data each time he cleaned the inlet of the system. The first 

data collection occurred from January 23 – 29, 2017. We hoped to use this data as our control and 

compare it to the data collected after the boom’s installation during the week of February 13 – 20, 

2017. This data can be seen in Table 4 and Table 5. 

  

Figure 70: Debris on mesh 
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Table 4: Pre-boom installation data 

Date Time 

Output 

before 

cleaning 

[kW] 

Output 

after 

cleaning 

[kW] 

Differential 

[kW] 

Yesterday’s 

output [kW] 
Notes 

Jan 23 7:40 AM 1.20 2.49 1.29 39.0 Dirty water, rain 

Jan 24 7:30 AM 2.33 2.49 0.16 52.8 No rain 

Jan 25 7:34 AM 2.38 2.50 0.12 57.5 No rain 

Jan 26 7:45 AM 2.38 2.51 0.13 57.3 No rain 

Jan 27 8:30 AM 2.39 2.51 0.12 57.6 No rain 

Jan 28 7:45 AM 2.31 2.46 0.15 57.7 No rain 

Jan 29 7:50 AM 2.36 2.45 0.09 56.8 No rain 

 

Table 5: Post-boom installation data 

Date Time 

Output 

before 

cleaning 

[kW] 

Output 

after 

cleaning 

[kW] 

Differential 

[kW] 

Yesterday’s 

output [kW] 
Notes 

Feb 13 8:00 AM 2.38 2.43 0.05 57.7 No rain 

Feb 14 8:00 AM 2.32 2.48 0.16 56.7 Light rain 

Feb 15 8:00 AM 2.38 2.44 0.06 56.5 Light rain 

Feb 16 8:00 AM 2.43 2.45 0.02 59.0 Light rain 

Feb 17 8:00 AM 1.88 1.71 -0.17 29.4 Overnight rain. Inlet 

gate put on second 

hole from top. Still 

raining. Boom seems 

fine. 

Feb 18 6:30 AM 1.10 0.00 -1.10 24.7 Turned off due to 

flooding. Boom 

damage, front foam 

twisted. Boom secure. 

No action taken. 

Feb 19 7:20 AM 2.51 2.51 0 24.7 No rain 

Feb 20 8:00 AM 2.46 2.47 0.01 53.7 Light rain 

 

In addition to keeping this log before and after the boom's installation, debris cleared from the 

intake gate was collected in buckets in hopes of correlating type and quantity of debris with 

power output. The contents of these buckets are shown in Table 6 and   
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Table 7. While we were onsite, we never experienced heavy rains, but they would often 

come through while we were back in Wellington. Heavy rainfall in the second week of data 

collection resulted in more debris than normal coming downstream, making these efforts to draw 

conclusions about the effectiveness of the floating boom futile. Furthermore, this data was 

collected during the summer, when floating debris is minimal compared to the autumn months, 

when the boom has proven to be more effective. 

Table 6: Pre-boom installation debris collection 

Date Photo Differential [kW] 

Jan 23 

 

1.29 

Jan 24 

 

0.16 

Jan 25 

 

0.12 
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Jan 26 

 

0.13 

Jan 27 

 

0.12 

Jan 28 

 

0.15 

Jan 29 

 

0.09 
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Table 7: Post-boom installation data collection 

Date Photo Differential [kW] 

Feb 13 

 

0.05 

Feb 14 

 

0.16 

Feb 15 

 

0.06 
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Feb 16 

 

0.02 

Feb 17 

 

-0.17 

 

 Unfortunately, no quantitative conclusions about the boom’s effectiveness could be drawn 

from this data, as the amount of debris does not correlate with the differential in output power 

before and after cleaning. This could also be due to the full system flush that Riki executed when 

he collected the debris and took the data. While a full flush is good for the system, it further 

impeded the data collection in hopes of quantifying the boom’s effectiveness, directly correlating 

the change in output power with the amount of debris collected. We also found that the water 

height of the river is a more significant factor than debris with regard to the amount of power 

produced by the system. 

Fortunately, some observations made by Riki regarding the floating boom's durability 

during storm conditions best define its effectiveness as a way to mitigate intake congestion of the 

system. Riki stated in an email to the team that another severe flood had occurred since the final 

modifications had been made in mid-March, and the boom “proved to be robust” as it weathered 

the storm well. Riki also noted that since the installation of the boom, less maintenance to the 

intake was required, which will in turn allow Riki and others to allocate more focus on projects 
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such as the native tree nursery and prospective hydroponic greenhouse. Lastly, Riki estimated that 

the floating boom provided a slight increase in the system's power output. 

These results do not yet account for the effectiveness of the mesh screen that was installed 

in conjunction with the floating boom. Before the 20-year flood occurred that dislodged the rocks 

used to anchor the mesh to the riverbed, the mesh screen was preventing virtually all debris from 

entering the system's intake. Though it was not self-cleaning, temporarily shutting the intake gate 

to stop flow to the turbines created a back-flushing effect and proved to be an effective way of 

cleaning the mesh. Because the mesh concept has proven to be successful, Riki has plans to modify 

the mesh, anchoring it to the riverbed in a more permanent fashion. A metal gate will be wedged 

and securely fastened behind the mesh in the intake so it will not get washed away by another 

storm.  

4.2 Greenhouse Results 

4.2.1 Greenhouse structure 

Greenhouse Structure 

 Our greenhouse structure assumes a design quoted by Redpath for NKNT’s initial idea of 

building a 6 m x 16 m nursery for riparian trees. Since the desired properties of greenhouse 

structures are similar enough between riparian tree farming and 

watercress growing, we have based our cost estimate on Redpath’s 

previous quote to NKNT (Estimate for Redpath propagation 

greenhouse, 2016). The building type for this model incorporates RHS, 

or rectangular hollow section, framing and an “A” shaped top piece to 

form a pentagonal cross section (Figure 71). The recommended 

covering is a Twin-skin 

long-life UV stabilized Duratough ® clear 180 micron 

external and a Duratough ® clear 180 micron internal 

greenhouse. Since Duratough ® is primarily 

comprised of polyethylene, a double glazed 

polyethylene greenhouse cover was assumed for air 

heating calculations. The ventilation design includes a set of 1.1 m wide ventilators having an 

opening of 0.8 m and allowing for optimal air flow (Figure 72). The end walls consist of high 

Figure 71: Propagation 
greenhouse design from 

RedPath 

Figure 72: Ventilation design (Redpath) 
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quality aluminum framing and an aluminum track that slides to allow entry into the greenhouse. 

The design parameters we have suggested and used in our calculations are a post height of 1.8 m, 

with an additional height of 1.8 m from the top of the RHS region to the peak of the roof and 

cladding. The latter height is not specified in the original quote. This design should be adequate 

for our theoretical hydroponic greenhouse.     

4.2.1 Air Heating Requirements 

Air Heating 

For this assessment, annual air heating requirements were estimated using a quasi-steady-

state energy balance. Modelling was performed in MathCad and used to simulate heating 

requirements for 24 time periods at 3 different conditions as discussed in Chapter 3.7. The resulting 

heating requirements are plotted below. For all iterations of daytime heating, no external heating 

was required. Incident solar radiation accounts for more than enough heat to compensate for heat 

losses. Thus, nighttime heat requirements are the primary focus of this section. Heat energy 

requirements were estimated to maintain optimal growing conditions at night for three sets of 

conditions as displayed in Figure 73. The three conditions were: 

a) still air, average cloud cover consistent with weather data 

b) windy air of approximately 28 km/h and no cloud cover  

c) still air and no cloud cover 

Figure 73: Nighttime Heat Requirement for three Conditions 
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As shown above, the nighttime heat requirement increases during colder months and 

decreases during warmer months as expected. The lowest heat requirement estimated was just 

under 2 kW in January, and the highest requirement of over 14 kW will be required during the 

month of August, the coldest month in this region of New Zealand. For each set of conditions, the 

maximum difference per month is approximately 1-2 kW as shown above for still, clear nights 

compared to windy, clear nights and still nights having an average cloud cover. This result 

indicates that radiation heat loss is a significant contributor to greenhouse heat losses, but the 

radiation heat loss is a smaller contributor to the overall heat requirement than the average external 

temperature.  

Wind speed also seems to have a significant effect on heat requirement for the wind speed 

of 28 km/h tested. Comparing the conditions for b) and c) yields a difference of roughly 1-2 kW 

per month, which is similar to the difference between clear cloud conditions and average cloud 

conditions. Interestingly, under the conditions tested, as wind speed increases the overall heat 

requirement decreases, which may seem counterintuitive. This is a result of convective warming 

of the outer cover. Since radiation heat loss to the sky lowers the outer cover temperature to below 

ambient temperature, an increase in wind speed increases convection, resulting in an outer cover 

temperature closer to ambient. Thus, the total heat requirement is decreased. One might argue that 

for a given greenhouse design heat loss by infiltration would increase with higher wind speeds. 

While this is true, the quasi-steady-state model utilized holds the number of air changes per hour 

constant per the recommendation of Silveston et al. Thus, ventilation remains constant and wind 

speed only affects the convection coefficient affecting the outer cover temperature. Based on this 

data, average external temperature appears to dictate heating requirements more than wind speed 

and cloud cover.  

Using our simulated data, which outputs heating values in kW for a given set of conditions, 

we were also able to estimate annual heating values by averaging a given wattage over the time 

period. Thus, for a given set of nighttime conditions during a month, the resulting wattage was 

multiplied by the number of seconds that the heater runs during the month assuming a 12 hour 

heating period during night. Based on our analysis, nighttime annual heating requirements over 

the course of a year result in an annual energy requirement of 123-144 GJ/yr, depending on the 

conditions. 
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These values do seem reasonable for this size greenhouse when compared with data 

provided in Pieters & Deltour, 1997, who estimated heating requirements for greenhouses of 

several cladding materials for growing tomatoes in Belgium. Pieters & Deltour calculated a heat 

requirement of 1.89 GJ/m2 of a single layer polyethylene covering including daytime and nighttime 

heating. Multiplying this value by the cover of our model greenhouse, 205.2 square meters, results 

in a heating estimate of 387.8 GJ in a year. Our simulation modeled a double layer of polyethylene 

and only nighttime heating. Combined with the fact that Belgium’s climate is colder than New 

Zealand, our value of less than half of the heating requirement for a Belgian greenhouse seems 

reasonable. Further, Silveston et al. reported an estimate of 538 GJ/yr for a greenhouse with similar 

dimensions but 8 meters longer for a single glazed greenhouse in a colder Canadian environment. 

Thus, our estimates do seem reasonable for maintaining optimum growing conditions for a 

hydroponic greenhouse in Horohoro, NZ.  

Limitations of the Model 

For any modelling software or programs, there are limitations that result in error to some 

degree, the degree of which cannot be quantified unless it is verified empirically. While we 

minimized potential sources of error, it is impractical for all sources to be fully minimized given 

the scope and nature of this project. For this model, many parameters used were averages for a 

given amount of time, including average monthly values for weather data, evapotranspiration rates, 

and incident radiation rates among others. However, these values came from reputable sources and 

resulting values should be reasonably close to reality. Further, assuming a quasi-steady-state model 

results in additional error since many transient inputs are assumed to be constant and the resulting 

output heat requirement is assumed constant throughout the time period in which the inputs were 

assumed (i.e. 12 hour nights over the course of a month) in estimations of total energy usage. 

Although a full model validation was outside the scope of this project, resulting heat requirements 

seem reasonable compared to other studies as discussed. Despite these challenges, the resulting 

data should be adequate for generating estimates for this initial feasibility assessment. 

Practical Application to the Hydroponic Greenhouse 

 Once the heating requirement was estimated, a method for providing the heat must be 

selected. Two methods appear to be most feasible for our project site, geothermal heating or an 

electrical heat pump. For geothermal heating, our team consulted with Eugene Berrmyan-Kamp 

from Ngāti Kea Ngāti Tuara to determine if any testing of the ground temperatures had been 
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completed in the area. Eugene recalled that the water temperature was roughly 100°C. A basic 

layout of a geothermal heating unit is shown in Figure 74. 

  In this basic layout, initial heat transfer occurs from the geothermal medium underground 

to the fluid in a pipe. This heated fluid is then circulated through a heat pump where heat is 

transferred to the working fluid in a heat pump. Heat from the pump is then transferred into a 

distribution system that would be present in the hydroponic greenhouse. 

While this design would be the most sustainable and utilize the geothermal resources 

present, it has a very high initial cost. While we did not obtain a quote on the price of a full system, 

Eugene informed us that the cost of tapping into the geothermal land would be approximately 

$150,000 - $200,000. Given design challenges and the very high initial cost, we geared our design 

toward a standard heat pump. 

Figure 74: Geothermal heating loop consisting of a ground loop, heat pump, and distribution system. 
(Williams, 2016) 
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Since a key goal of the project is to utilize excess electricity produced by the micro-hydro 

unit, we researched standard electric heat pumps rather than propane or natural gas pumps. We 

developed a couple of electric heater designs that are sized to heat 

the greenhouse under the worst case conditions. We have sized the 

heater based on a requirement of 18 kW-hours, which allows for a 

20% design buffer based on our maximum heating requirement of 

14.6 kW during still, clear August nights. We recommend using a 

unit such as the PUMY-P YKM-A(-BS) Mitsubishi Electric unit 

seen in Figure 75, sized for 14.0-18.0 kW for effective greenhouse 

heating. An image of this heat exchanger is pictured to the left.  

 

 

4.2.2 NFT System Requirements 

 As described previously, our team selected an NFT system for the hydroponic greenhouse. 

NFT requires a nutrient solution to be continually circulated in pumps to a series of gullies or set 

of tables. We selected a design that incorporates gullies, specifically 25 gullies that are 100 mm 

wide and 100 mm apart to span across the 6 meter wide greenhouse.  

Nutrient Solution Tank  

For a system of this size, Neville recommends using a tank of roughly 450 L or about 120 

gallons. This tank will provide more than enough water for constant recirculation and is also large 

enough such that sodium concentrations remain low enough to keep the frequency of purging low. 

Once sodium concentrations rise above a threshold level, the watercress would be negatively 

affected.  

With any nutrient solution, the storage tank must be purged at some frequency, and the 

waste water must be disposed of properly. While the exact purge frequency necessary to maintain 

the appropriate nutrient solution concentrations can be based on nutrient monitoring, a general 

heuristic estimate of 1/3 tank volume per week can be applied according to Neville. Assuming this 

heuristic holds true, Ngāti Kea Ngāti Tuara would need to replace approximately 40 gallons or 150 

L of nutrient solution per week. The waste solution can be dumped onto local farmland since 

nutrients in the hydroponic solution promote growth of grass in fields (Stocker, 2017). The total 

Figure 75: S Series Mitsubishi 
Electric heater (“S-Series,” 

2017) 
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water demand is thus 150 L per week, or 7,800 L annually. This amount should be feasible for 

Ngāti Kea Ngāti Tuara to take from their purified water system located at the marae. However, 

additional water testing will need to be completed to ensure that the water is suitable for 

hydroponic watercress production. Watercress is very sensitive to trace levels of some elements. 

If the marae water is not suitable for hydroponic greenhouse use, a reverse osmosis system or 

similar unit will need to be installed. 

Tank Heat Exchanger Sizing 

While air temperature is a vital growing parameter and air heating is beneficial during cold 

months, nutrient solution temperature is equally important if not more according to Neville. The 

nutrient solution must be maintained in a specific temperature range to allow for adequate nutrient 

uptake by plant roots. For watercress, a nutrient solution temperature of 14-18 degrees Celsius 

must be maintained. Since heat is constantly lost from the nutrient solution tank through the tank 

walls and from water flowing down the growing tables or gullies, there is significant heat loss to 

the environment. However, since the system will be indoors, air heating would eliminate the need 

for nutrient solution heating, but may also introduce the need for cooling.  

As discussed previously, air heating is often more costly than it’s worth, so we have sized 

a nutrient solution tank heat exchanger under the assumption that the greenhouse is not heated. We 

have chosen the ambient temperature to be held constant at 10 degrees Celsius, the coldest average 

minimum temperature, in order to design the exchanger for the worst case temperature. For this 

calculation, a polyethylene storage tank manufactured by McMaster Carr was used. Under these 

assumptions, the heat exchanger was found to require about 6 kW. This unit will also be able to 

provide cooling if the greenhouse is heated or reaches high temperatures on warm summer days. 
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Nutrient Solution Pump Sizing 

To size the pump, Bright Agrotech recommends sizing based on a pump curve (Figure 76) 

provided by hydroponic pump supplier Active Aqua. The total flow and head must be known to 

use the sizing chart. Following the recommendation of University Upstart Farmers (Storey, 2016), 

we have assumed a flow of 4-6 GPH per trough, resulting in a maximum of 150 GPH needed total. 

Considering a distance of 15 meters at a 3% incline, we calculated a 0.45 meter drop along the 

gullies. Adding in a 0.55 meter buffer for the water height in the tank, we estimate that one meter 

of head will suffice. Thus, we initially sized the pump under the assumption of 1 meter and a 150 

GPH water requirement using the chart pictured below, which results in the smallest pump 

available from the company. However, given an engineering design factor of 15-30% error as 

Upstart Farmers suggests, we have selected a pump one size up, the AAPW250. 

4.2.3 Electricity Requirements 

 Ideally, this theoretical hydroponic greenhouse would run solely on the micro-hydro unit’s 

energy. In this section, we attempt to estimate the total amount of electricity required for the 

greenhouse by each individual electrical component and try to determine if it can be powered by 

the micro-hydro unit. 

Figure 76: Active Aqua submersible pump chart for sizing hydroponic watering pumps 
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Air Heating 

If NKNT decides to purchase a heat pump, we recommend heating at night for the six 

coldest months, May to October. Assuming the heat pump uses approximately 4.47 kW when 

running, the total power requirement is around 9,762 kWh annually for six months of heating at 

night.  

NFT Hydroponic System 

 There are several electronic elements of the NFT hydroponic system: the nutrient solution 

pump, the nutrient solution heat exchanger, automatic dosing system, and thermostat for nutrient 

solution temperature control.  

 The nutrient solution pump sized for this system is very small as a result of the low flow 

rate and head. Our brief calculation estimated an output of only 6-7 watts. While this power 

requirement seems very small, the manufacturer specifications of the pump from Active Aqua says 

the selected pump requires only 16 Watts of energy. Assuming this pump is constantly running all 

year, the total energy requirement for the pump is 504 MJ, or 140 kWh annually based on a 16 W 

requirement.  

 Based on our estimates, the nutrient solution heat exchanger will need to output 6 kW of 

heat for an ambient temperature of 10 degrees Celsius to maintain the appropriate solution 

temperature. The solution will also likely require cooling during summer months, when 

temperatures within the greenhouse will escalate. Pure Hydroponics of New Zealand offers 

nutrient solution heater/chillers that offer 5 times the heating or cooling performance per kW of 

electrical input. A 2 kW heater/chiller from Pure Hydroponics would maintain an ideal solution 

temperature in the greenhouse throughout the year with buffer room to spare based on the COP of 

approximately 5. We estimate that the total energy requirement for the heat exchanger will be 

approximately 4,370 kWh annually, given that it will run a quarter of the year (summer days and 

winter nights) at a power requirement of 2 kW. 

 Automatic dosing control is highly recommended by both Neville Stocker and Paul Mes 

from Pure Hydroponics NZ. Pure Hydroponics recommends the Bluelab Pro Controller, which 

probes and controls pH, conductivity, and temperature, the three main parameters closely 

measured in hydroponic nutrient solutions. They provide exact measurements and automatically 

deliver the appropriate amounts of nutrient or to the system and will adapt with plant feeding. The 

system can also be connected to the heating or cooling system. Based on our study, we recommend 
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using this controller to minimize maintenance and likelihood of error. The electronic controlling 

system requires 5 watts of apparent power according to the user manual provided on the Pure 

Hydroponics website. Since the system requires 5 watts of energy and would be operating 

constantly all year, we estimate the total energy requirement to be 158 MJ, or 43.8 kWh annually. 

Comparison to Turbine Unit Output 

 Based on the calculations above, the maximum power requirement for the equipment 

discussed will be approximately 6.5 kW, the majority of which is drawn from the air heating 

system sized to use 4.47 kW to heat in cold months at night. Since the current output of the micro 

hydro unit is approximately 2.40 kW, and an upgraded system with three additional turbines would 

be just under 5 kW, NKNT would need to draw the additional ~1.5 kW from their electricity 

suppliers during cold winter nights when electricity requirements are highest even with an 

upgraded system. However, during warm months when air heating is unnecessary, the current 

micro hydro unit output would power almost all of the greenhouse, and an upgraded system would 

certainly power the greenhouse based on our estimations. It is important to note that power use of 

the turbine fluctuates season to season depending on events at the marae and heat use, but typically 

between half and three quarters of the energy produced by the turbines is sold back to the electricity 

suppliers based on NKNT electric bills from the past year. Thus, assuming 1.2-1.8 kW of energy 

is available from the current system, approximately 0.3 – 1.0 kW of supplemental power from the 

grid would likely be necessary with the air heating off, but no additional power would be required 

if the turbine unit was upgraded.  

 With the addition of three turbines to the micro hydro unit, the output could be increased 

to approximately 3.6-4.2 kW, assuming the additional turbines output 2.4 kW as the current 

turbines do. During the six months that air heating took place at night, the air heating power 

requirement would be reduced to 589 kWh - 1,900 kWh, and the total requirement would be 681 

kWh – 1,992 kWh assuming the heater/chiller was not turned on. During the remaining six months, 

the total power requirement would be fully covered by the turbine unit.  

4.2.4 Cost Estimate 

Air Heating 

According to NKNT’s December 2016 energy bill at the marae, the cost of electricity from 

the grid is 21.6 cents per kWh. For 9,762 kWh of energy used to heat the greenhouse without aid 
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from the micro hydro unit, it would cost approximately NZ$2,109 annually to heat the greenhouse 

assuming nighttime heating during the coldest 6 months of the year. Assuming 3.6 kW to 4.2 kW 

of energy was available from an upgraded turbine system during this time, the total cost of heating 

would be approximately NZ$127 - $410 annually for 589 kWh - 1,900 kWh of energy. A heat 

pump system of this size would cost approximately NZ$8,000 – 10,000 according to Steve Turner 

of Temprite Industries (NZ) Ltd. 

NFT Hydroponic System 

Based on the nutrient solution pump’s annual electricity requirement of 140 kWh, the total 

cost to run the inline pump will be NZ$30.26 annually if energy is purchased from the grid. This 

is a fairly low energy cost, but the total circulation requirement is equally low. The estimated cost 

of the pump from Bright Agrotech online is NZ$37.01 for the initial purchase. A similar size pump 

from Stocker Horticulture & Hydroponic Supplies LTD in New Zealand costs NZ$38.00. 

According to our estimation for the heat exchanger annual electricity requirement, the total 

grid energy cost to heat the nutrient solution will be approximately NZ$943.50 annually for 

operation during hot summer days and cold winter nights. The estimated cost of the heat exchange 

system is about NZ$5,000. It is important to note that this estimate for electricity usage by the 

nutrient solution heater/chiller was based on the assumption of no air heating in the greenhouse. 

The 130 gallon McMaster-Carr tank used for calculations is approximately NZ$700. 

Lastly, the automatic dosing Bluelab Pro Controller system will utilize 43.8 kWh annually, 

resulting in an annual electricity cost of NZ$9.46. The retail price of the system according to Pure 

Hydroponics is NZ$2,980. 

According to Paul Mes from Pure Hydroponics, the cost of an NFT hydroponic system 

setup, including piping and plant work is approximately NZ$68 per square meter for a given 

greenhouse, which excludes storage tanks, greenhouse structure, and heating systems. Thus, for a 

6 x 16 greenhouse incorporating gullies spaced 100 mm apart, an approximation for the setup 

would be NZ$6,528. Thus, an initial approximation for an NFT Hydroponic System of this size is 

approximately NZ$15,000.  

Greenhouse Structure 

 Our greenhouse structure assumes a design quoted by Redpath for NKNT’s initial idea of 

building a 6 m x 16 m nursery for riparian trees. The total price for the greenhouse materials was 
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quoted at NZ$9,955.00. with construction adding an additional NZ$9,780. Thus, the total 

greenhouse structure cost will be approximately NZ$19,735.  

Total Cost 

 Summing together the costs of the air heat pump, hydroponic nutrient solution pump, 

solution storage tank, heat exchanger, piping/planting, and greenhouse construction, we estimate 

the total cost to be approximately NZ$45,000 - NZ$50,000 for the first year depending on energy 

use. If the turbine system is to be upgraded, this cost will rise to NZ$80,000 - NZ$85,000 per 

estimates from NKNT. Approximately NZ$10,000 is attributed to greenhouse heating, NZ$15,000 

for hydroponic system installation, NZ$20,000 for greenhouse construction, and NZ$35,000 for 

turbine system upgrade. The remainder is associated with electricity costs and a roughly 10% 

buffer. Note that this price estimation does not include any costs associated with labor and project 

management while the greenhouse is in operation.  

Chapter 5: Conclusions and Recommendations 

5.1 Floating Boom and Mesh System 

As demonstrated in the results section, the floating boom and mesh system successfully 

deters floating debris and catches submerged debris. Thus, our initial design goal was achieved, 

and the buoyancy and stability calculations proved to be reasonably accurate. Additionally, the 

storms and flood conditions have proven to be a good test of the boom’s durability, and it has 

survived. However, they have also given the team insight into areas of improvement. With this 

knowledge, the team developed recommendations for future work: 

1. Consider including a light-weight top piece like the Alden Laboratory model, which would 

prevent deformation and keep the foam from bowing upwards between the threaded rod. 

This would require more foam and thus increase the cost. It would also decrease the boom’s 

flexibility, which has proven to be a useful feature, and compromise its stability to some 

degree, should the NKNT choose this course of action. 

2. If option 1 was pursued, the use of thicker foam would be necessary to account for the 

additional weight and water absorption into the foam.  
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3. Drill pilings into the river bed so that the boom can rise and fall with or another permanent 

anchoring system, which would eliminate drag on the ropes and increase longevity. 

4. Permanently anchor the mesh to the riverbed instead of by land to prevent the mesh from 

dislodging during flood conditions. Riki Oneroa plans to wedge a gate into the inlet and 

press the mesh against it, which would secure the assembly. 

 

We anticipate that the floating boom and mesh screen implemented at the inlet of the micro-

hydro unit at Ngāti Kea Ngāti Tuara will continue to lessen the hours spent clearing debris from 

the intake and ultimately increase electricity production. These recommendations are meant to 

convey where the boom and mesh might be improved. 

5.2 Greenhouse Design 

Although air heating in greenhouses is often not necessary given New Zealand’s temperate 

climate, it can significantly boost production during winter months when temperatures drop to 

around ten degrees Celsius. If funds sufficient funds are available, we recommend heating the air 

at night during the coldest six months of the year using a heat pump such as the Mitsubishi Electric 

PUNY-P140YKM-A (-BS) that can output 18.0 kW of heat. However, if cost cuts must be made, 

we recommend eliminating air heating before sacrificing other equipment.  

  For the hydroponic system, we strongly recommend using the nutrient film technique for 

growing watercress per the advice of literature and hydroponic experts. A small hydroponic 

solution pump will suffice for this size greenhouse and we recommend choosing a pump similar 

to the AAPW250 or the 1054 Aqua One 103. We also recommend heating the nutrient solution 

tank with a heat exchanger such as the Pure Hydroponics heater/chiller which can output 6 kW of 

heat in order to maintain proper nutrient solution temperature stored in a tank such as the 

polyethylene tank from McMaster-Carr. Lastly, we suggest purchasing the Bluelab Pro Controller 

auto-dosing system to ensure proper control of the hydroponic system.  

 Based on our analysis, the total water requirement for this system should be on the order 

of 7,800 L annually and the total electricity requirement with air heating will be approximately 

14,315 kWh annually. With energy from an upgraded micro-hydro system, the amount purchased 

from the grid would fall to between approximately 681 kWh – 1,992 kWh, since all equipment 

could be fully powered while the air heat pump is not running. Without air heating, the total 
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electricity requirement will be approximately 4,550 kWh annually. An upgraded micro-hydro 

system could theoretically supply all of this energy assuming the maximum requirement at any 

time is under 2.5 kW. The total cost of the greenhouse and its equipment will be approximately 

NZ$45,000 - $50,000 during the first year, which does not include any costs associated with labor 

and project management. With an upgrade of the hydroelectric unit, this price will increase to 

around NZ$80,000 - $85,000.  

Based on our calculations, we believe the electricity and water requirements are reasonably 

attainable at the marae, and a hydroponic greenhouse is feasible assuming funding is approved and 

marae water quality meets the standard for hydroponic watercress production. Our team 

recommends further research in a cost-benefit analysis of watercress production before moving 

forward with the idea as well a more detailed design and quote from a Hydroponics business such 

as PGO Horticulture LTD. 
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Chapter 6: Appendices 

6.1 News Articles and Publicity of Micro-hydro Project 

 

Link: http://www.maoritelevision.com/tv/shows/project-whenua/S01E010/project-whenua-

series-1-episode-10 

  

http://www.maoritelevision.com/tv/shows/project-whenua/S01E010/project-whenua-series-1-episode-10
http://www.maoritelevision.com/tv/shows/project-whenua/S01E010/project-whenua-series-1-episode-10
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Link: http://www.nzherald.co.nz/rotorua-daily-

post/news/article.cfm?c_id=1503438&objectid=11228119 

 

http://www.nzherald.co.nz/rotorua-daily-post/news/article.cfm?c_id=1503438&objectid=11228119
http://www.nzherald.co.nz/rotorua-daily-post/news/article.cfm?c_id=1503438&objectid=11228119


85 

 

Link: http://news.tangatawhenua.com/2015/08/34490/ 

http://news.tangatawhenua.com/2015/08/34490/
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Link:  http://energynzmag.co.nz/innovations/micro-hydro-projects-gain-in-popularity/ 

http://energynzmag.co.nz/innovations/micro-hydro-projects-gain-in-popularity/
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6.2 Pokaitu Stream Information 
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6.3 Greenhouse Air Heating Calculations 

Before running simulations in the MathCad, an Excel spreadsheet was used to compile 

weather data for all time periods. This data is shown below and comes from sources cited in the 

Methodology section. 

Month Day/Night 
Temperature 

(Deg C) 
Temperature 

(K) 
Max Humidity 

at Cover 
Humidity 

(%) 
Cloud Cover 

(%) 

Jan Day 25 298   80 48 

Jan Night 17 290 0.013 80 48 

Feb Day 26 299   78 51 

Feb Night 17 290 0.013 78 51 

Mar  Day 25 298   77 44 

Mar  Night 16 289 0.012 77 44 

Apr Day 22 295   76 37 

Apr Night 13 286 0.01 76 37 

May Day 20 293   80 43 

May Night 13 286 0.01 80 43 

Jun Day 17 290   81 44 

Jun Night 10 283 0.009 81 44 

Jul Day 16 289   77 35 

Jul Night 9 282 0.008 77 35 

Aug Day 15 288   79 43 

Aug Night 8 281 0.008 79 43 

Sep Day 16 289   84 66 

Sep Night 10 283 0.009 84 66 

Oct Day 19 292   82 41 

Oct Night 11 284 0.009 82 41 

Nov Day 21 294   80 39 

Nov Night 12 285 0.009 80 39 

Dec Day 23 296   78 34 

Dec Night 14 287 0.011 78 34 
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Cloud Cover 
Factor 

Tsky (K) 
Incident Solar 

Radiation (W/m2) 
Trasmissitivity Absorbtivity 

0.93 291 325 50.41 0.13 

0.93 281       

0.91 292 325 0.71 0.13 

0.91 281       

0.97 290 325 0.71 0.13 

0.97 279       

1 285 326 0.71 0.13 

1 274       

0.97 284 326 0.71 0.13 

0.97 275       

0.98 280 326 0.71 0.13 

0.98 272       

1 277 214 0.71 0.13 

1 269       

0.97 278 214 0.71 0.13 

0.97 269       

0.8 283 214 0.71 0.13 

0.8 276       

0.98 282 578 0.71 0.13 

0.98 272       

0.98 284 578 0.71 0.13 

0.98 273       

1 286 578 0.71 0.13 

1 275       
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All information present for variables used in the MathCad program is shown below: 
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Shown below are specifications for a possible heat pump to supply the specified heat: 
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6.4 NKNT Sample Power Bill 


