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Abstract 

The NUPresentation Foundation, a California non-profit community organization, is dedicated to 

supporting the Natural Environment that supports all of us equally. They have found that one of 

the best ways to do this is to provide guidance and education about what is taking place with the 

Natural Environment so that those who are paying attention can become more aware and make 

better choices. The Natural Environment is being destroyed in each moment, and especially 

‘Your Oceans’ which are absolutely vital for ALL Life on earth. Outlined in this proposal are a 

series of opportunities that The NUPresentation will be implementing, and the best part is that 

they are for everyone on the planet. Anyone can become involved with these projects if that is 

what they decide. Beginning with the ALLSolar Research Vessel, this paper will cover what is 

possible with industries from water purification and renewable energies, to forestry, aquaponics, 

permaculture and apiculture, all the way to prefab and modular housing. Each one of these 

areas that have been researched and explored will be profitable, but most importantly, they will 

be done in such a way as to realistically support the Natural Environment. 

  



1. The ALLSolar Research Vessel 

For the purposes of this document The ALLSolar Research Vessel, or the NUVessel, will be 

covered in three main categories. Each of these categories are conveniently listed in the 

NUVessel’s name. As we communicate with more and more companies in the various industries 

related to the needs of the NUVessel and gather agreement, this document will grow. 

• ALLSolar: Pertains to the generation or harnessing of the necessary energy to power 

the NUVessel and all onboard operations. Propulsion is included in this category as well. 

 

• Research: A primary focus for the NUVessel is education, and working with the Natural 

Environment. In connection with the Nations United Unuversal Unuversity, and 

partnering with educators worldwide, the NUVessel will be a floating classroom, 

complete with data collection, and research laboratories. 

 

• Vessel: This relates to the NUVessel’s design, structure, materials, functions, planning, 

operations. 

 

This is a living document, and each of these areas is constantly evolving into something better. 



ALLSolar 

Our focus is to work with the Natural Environment that supports ALL LIFE on the planet equally, 

instead of against it, as most are doing. All of us at The NUPresentation Foundation have a 

clear understanding of the reality of Cause and Effect within Creation, and Life on Earth. What 

this means in simple terms, is that we see that no matter which materials and technologies we 

use to construct and operate the NUVessel there 

will be an impact made on the Natural 

Environment. So, the idea then is to make this 

impact as minute as possible by utilizing our 

intuition and awareness while researching and 

implementing all necessary materials and 

technologies to complete the ALLSolar Research 

Vessel. After all, the NUVessel’s very purpose is 

to demonstrate to the entire world that it is 

possible to work with the Natural Environment 

without destroying it. In this regard, even though 

construction has yet to begin, the NUVessel is 

already leading the way for others to pay 

attention, become more aware, recognize the 

bigger picture, and make better choices. 

The aspect of ALLSolar is a brilliant one. The 

solar power industry is constantly developing 

new and better (read as higher efficiency) panels and other materials for converting sunlight into 

electricity, and we intend to promote solar power in a big way. As the technology improves, so 

too does the affordability. So, for the NUVessel to utilize this technology, simply makes sense. 

Currently, as of 2017 standard silicon solar panels with 22.5% efficiency are widely available in 

the commercial market. Recently, researchers have developed and tested multijunction panels 

at 46% efficiency [1]. The National Renewable Energy Laboratory (NREL) has developed 

techniques and procedures and announced on their website that they are aiming to exceed 50% 

efficiency with their panels [2]. 

As for whether this idea is viable. The MS Tûranor Planet Solar proved without question that it is 

possible to power an oceanic vessel with photovoltaic solar panels, as in 2012 it successfully 

circumnavigated the world [3].  

 From their Wiki: 

The 31-metre boat is covered by 537 m2 of solar panels rated at 93 kW, which in turn connect to two electric 

motors, one in each hull. There are 8.5 tons of lithium-ion batteries in the ship's two hulls. The boat's shape 

allows it to reach speeds of up to 14 knots (26 km/h). The hull was model tested in wind tunnels and was 

tank tested to determine its hydrodynamics and aerodynamics. The boat was designed to be used as 

a luxury yacht after the record attempt was finished. 

The panels used on the Planet Solar at the time of its famous voyage were likely between 20-

22.5% efficiency. This will not be enough for our needs. The overall size of the vessel will be 

                                                           
1 https://cleantechnica.com/2014/12/03/new-solar-cell-efficiency-record-set-46/ 
2 https://www.nrel.gov/pv/high-concentration-iii-v-multijunction-solar-cells.html 
3 https://en.wikipedia.org/wiki/T%C3%BBranor_PlanetSolar 



120 meters long by 60 meters wide, with a slightly convex upper deck, having the potential for 

7200 m2 of surface area exposed to the sun. However, we do have plans for an onboard 

terrarium which will extend partially through the upper deck and could take up to 40% of the 

available surface area for solar panels, leaving us with approximately 4300 m2 of usable space. 

These numbers are of course not set in stone and rely on several factors, both known and 

currently unknown. We are contacting companies in the various industries for consultations, and 

this document will be updated as new information is presented. 

Interestingly, our researchers discovered a company who has developed truly remarkable solar 

condenser technology [4]. To outfit the NUVessel with their designs would not only significantly 

reduce the amount of surface area needed for solar panels, and allow us to do much more with 

the upper deck, but in all likelihood it would provide ALL the required electricity for operations. 

Solar panels are not the only technology that has vastly improved in efficiency over the years. 

Battery and energy storage technology has as well, meaning that batteries are lighter and more 

efficient, and for our purposes more environmentally friendly and sustainable. By utilizing 

technology that is currently available, and what is being developed and constantly refined, we 

are confident that the NUVessel’s energy needs will be met without turning towards the current, 

and long since outdated, marine standard of diesel engines. 

Realistically stepping away from petroleum, and its destructive nature, as a fuel source is only 

one example of better choices that the NUVessel will provide to the entire world. But petroleum 

is not the only pollutant in the water interrupting marine life. Noise pollution from engines and 

propellers can be heard miles away from the vessels themselves using a hydrophone [5]. The 

NUVessel will not be adding to this underwater din and racket, because it will utilize 

magnetohydrodynamic drives (MHD) instead of propellers for its propulsion. Because it will be 

mainly a research vessel, and will remain relatively close to shore, the NUVessel will operate 

just fine at low speeds. This 

is a great benefit as with 

lower speeds and lack of 

propellers there will be no 

chance of striking, injuring, 

or killing surfacing whales, 

dolphins or manatees. 

MHD technology may also 

allow for the NUVessel to 

function as necessary 

without a traditional anchor. 

Anchors and anchor chains 

are very destructive to the seabed and reefs. Using MHD [6] and GPS together in such a way as 

to “tread water” and safely hold a specific position while in port or harbor would be one more 

way that the NUVessel demonstrates better choices.  

                                                           
4 http://www.solartronenergy.com/hcpv-solar/ 
5 http://www.eastbaytimes.com/2009/09/04/drowning-in-sound-large-ships-propellers-creating-underwater-din-
for-whales-other-marine-animals/ 
6 http://www.aptec.com/magnetohydrodynamic_mhd_technology.html 



Research 

The research facilities onboard the NUVessel will be comparable to those of a small-scale 

university research laboratory.  In this first version of the NUVessel, which will be a proof of 

concept to pave the way for a fleet of many vessels, oceanic research opportunities will be 

available for high school, college, and university students interested in the various fields of study 

associated with our oceans. This will provide real-world hands on experience for students with 

the courage to take on such an adventure, while they will still be within an academic setting. 

These facilities will be directed and maintained by a staff of professionals, educators, and 

support crewmembers to ensure compliance to the highest of standards, while conducting 

topnotch testing and research. 

The laboratory will be designed to be state of the art, with strong considerations to the 

dimensions and construction necessities of the NUVessel itself. This will be carried out with the 

professional assistance of an advisory board working alongside the designers, engineers, and 

builders. 

We are very aware that laboratories require a wide array of equipment, utensils, ingredients and 

other such consumables such as catalysts and reagents, to function optimally. These needs, 

along with appropriate tasks and goals to be set for the onboard labs will be established through 

the advice of an adept advisory board which will make the necessary consultations within all 

related fields of expertise. Major and massive improvements in the field of 3d printing, in 

technology and materials, will allow the creation of tools and spare parts, while in port or 

underway. 3d printing will provide a vital role onboard, and clear the way for other logistic 

necessities. 

As an important aspect of research, data collection will also be a top priority of the NUVessel. 

Submersibles, both manned and unmanned will be available for use. These and other 

specialized equipment will require professionals with the ability to manage and deploy them 

according to mission requirements. Onboard and deployable sensors and sensor arrays will 

also play an important role in the collection of raw data. Computers, software, and any such 

specific hardware that is deemed necessary to accomplish the goals of the NUVessel will be 

acquired and utilized. 

$250 million is the estimation of costs for research facilities and data collection. Included in this 

sum is leeway for prospective senior staff and crew members as to specific equipment and 

requirements they may have to enrich the health and welfare of crew and guests, as well as 

seaworthiness and research potential of the NUVessel. 

There will be plenty of work to be done on the NUVessel, so it only makes sense to implement 

wonderful areas on the ship for rest and relaxation.  filled with fruit trees, bushes and 

grasses, and small animals such as birds, squirrels, bees and butterflies. As hinted to in 

the section for ALLSolar, the terrarium will have plenty of sunlight as it will reach 

through the upper deck. Plants and trees will be grown in media that makes sense, 

whether it is aeroponics, hydroponics, or soils. 

  



Vessel 

In continuing with our focus for a realistically environmentally-friendly vessel, very special 

consideration for the hull, that which will always be in contact with seawater. For the hull and 

bulkheads of the NUVessel, it is necessary for a material that can withstand the harsh 

environment of Life at sea. What this means in basic terms is that we want to use materials that 

would not leach into the water, or otherwise be eaten way by corrosion. Steel and aluminum 

ships require constant maintenance, especially regular coats of heavy, toxic lacquers. There are 

two materials currently being used. First is basalt fiber. Those in the industry already know how 

it can be, and is already, used for ship insulation. Basalt fiber is processed lava rock that can be 

utilized in a great many ways. It is a truly amazing material. Next is Carbon Nanotubes (CNT). 

This is a material that has come up many times during the planning of the NUVessel, as it can 

and will be applied to many shipboard applications. It is extremely lightweight, with a very high 

tensile strength. But more importantly, it can be combined with basalt fiber and epoxy to form a 

composite that has shown great potential to be used to construct hulls and superstructures [7]. 

For these two materials to work together to suit the NUVessel’s at sea requirements, a proper 

resin will need to be sourced. It is vital to us that there will be no contaminants leaching into the 

water from any of the materials used onboard, especially from parts in constant and direct 

contact with seawater. Preliminary investigation has showed us that this is possible, as there 

are commercially available hydrophobic resins that may perform to our expectations. But only 

through rigorous testing will the very best has been chosen. 

On the inside. The NUVessel will feature world-class amenities for guests and crew. This will 

include fine dining and a full-service spa, both featuring ALLNatural ingredients harvested from 

the sea, coastlines, and the NUVessel’s very own aeroponic and hydroponic growing facilities. 

Water purification will be a priority. Through both atmospheric generation and desalination of the 

ocean water, the NUVessel can provide itself with clean, potable drinking water, and work with 

onshore installations to supply surplus water to those who need it inland. We are aware of the 

toxicity of and the need to properly handle the dense brine resulting from desalination to avoid 

damaging the environment. A commercial use for the brine may be found with solar farms. 

As a necessity, the ALLSolar Research Vessel Project will be bigger than one ship. Yes, the 

initial build will be the NUVessel, but it will have dozens of smaller crafts to compliment it. To 

those paying attention, harbors and rivers, lakes and streams, are living examples of the 

wasteful disregard humans show to the Natural Environment which supports them. It is easy 

enough to spot plastics and other pollution in the water, but there is more that is unseen. As a 

start, as we build the ALLSolar Vessel, we will also build ALLSolar Skimmers. They will be 

designed to patrol harbors and rivers and collect surface pollutants, similar to the solar-powered 

water wheel in Boston Harbor [8]. The skimmers will have the added duty of data collection for 

the NUVessel’s students and researchers to process and disseminate. 

Careful consideration will be made for a home port with specialized berthing and logistics, as 

well as for ship’s captain and crew once contracts are signed and construction has begun.  

                                                           
7 International Journal of Research in Engineering and Technology eISSN: 2319-1163 | pISSN: 2321-7308 
8 http://www.ecowatch.com/how-a-solar-powered-water-wheel-can-clean-50-000-pounds-of-trash-per-d-
1881928895.html 



2. Documentaries & Reality Shows 

Documentary, Sitcoms, Reality Shows, Telethons, Fundraisers We have already started 

the Documentary with Professional Producers, then when the actual building of The 

NUVessel starts to take place we will move fast forward. As the NUVessel becomes its own 

reality, more Community Sponsors will step up and want to become involved. At certain stage 

of the completion of The NUVessel, we will begin producing and filming our Sitcoms and 

Reality Shows, which will take place on The NUVessel and ongoing. We will also be having 

Telethons and Fundraisers from aboard The NUVessel. The Rich and Famous will come 

aboard and we will constantly be creating New Reality Shows with our Benefit Dinners, 

as they dine on our own ALLSolar HydroPonic RealFood, we will be preparing aboard The 

NUVessel, along with Banquets and Weddings. We always welcome those with new ideas 

who want to work with us, as there will be almost endless opportunities for employment and 

future growth with this ALLHUmanitarian Project that works for everyone. 

“You are The Star...” is one of the Variety Shows we will be having for The Children of The 

World, as they are the future right now. We want to be honest with them, moreso than just 

pretending everything will work out with all the harm that is being done to the earth than just 

saying it will like a political speech. There will be no competition with 'You are The Star,' like 

American idol or other TV Shows that teach people to compete instead of share. We will have 

children from all over participate and share the wonderfulness children already are, without 

any heartbreaks, only a lot of fun and sharing who they are as they provide a Real Focus for 

'YOUR OCEANS NOW.'  The Children will teach the adults about Nature. 

The Documentaries This is the first stage of Monumental PR and Community Sponsorship 

for The ALLSolar Research Vessel. We are already prepared for this Filming Adventure, as 

we will be documenting every part of the building of The NUVessel with The Students of The 

World, who will be involved. Here are several very good examples as to what has already 

taken place that is nothing compared to The ALLSolar Vessel. We will have ongoing ALLSolar 

Documentaries on TV, PBS, NOVA, Discovery and more, because it is a good business to do 

so and creating wonderful jobs for great people at the same time. While we are having The 

NUVessel being built, there will be many Community Sponsors that will want to take part. We 

will be providing a Beneficial Education for all of us on the planet. 

THE SITCOMS We will have an on-board Production Company who will be filming “Kids on a 

Cruise' for Television. This will be the main Sitcom and there will be other shows as we 

progress and become more popular and noticed worldwide. There is no reason that 'Kids on 

a Cruise' will not be an instant hit with young and old alike. The main idea is how the kids 

whose parents run The NUVessel, decide to take on their own adventures, because they are 

more 'techie' than the grownups and they figure out how to make The NUVessel do what they 

want it to. 

REALITY SHOWS While we are having Fundraisers, Banquets, Weddings, and other 

celebrations as examples on The NUVessel for Special Occasions, plus many more Special 

Occasions and organizations, we will be producing Reality Shows, as everyone will want to 

be a part of The ALLSolar History we will be creating. Reality Shows bring in a lot of revenue. 



A Greater Focus 

While the ALLSolar Research Vessel Project is certainly being developed to provide a much 

needed focus for ‘Your Oceans’ and realistically demonstrating what is possible by making 

better choices, there IS more to the story. The NUVessel is a small part to a much bigger 

picture. In the following pages, you will be introduced to our on-land projects directed at this 

time towards the continent of Africa, as a start. 

ALLSolar Water  

The World Health Organization urges cleaner sanitation practices after new data reveals that at 

least two billion people do not have access to clean water. 

The drinking water that is causing nearly 500,000 deaths a year is contaminated with feces, 

causing cholera, dysentery, intestinal worms, schistosomiasis and trachoma, typhoid and polio. 

The most serious threats 

are in impoverished and 

developing areas. Although 

there has been a push 

for safe drinking water by 

the UN General Assembly, 

which led to a 4.9 percent 

increase in budgets 

worldwide, most countries 

say it is not enough. 

The report found that 80 

percent of countries are not 

adequately meeting the UN 

standards. In a statement 

WHO said when people can't provide the most basic necessities, like repairing infrastructure, 

water safety and reliability is sacrificed first. 

"This is a challenge we have the ability to solve," Guy Ryder, chair of UN-Water and director-general of the 

International Labor Organization, said. "Increased investments in water and sanitation can yield substantial 

benefits for human health and development, generate employment and make sure that we leave no one 

behind." 

This is a heavy burden on local communities, but as Ryder said, it is possible. To really meet 

UN standards, the world budget for drinking water would have to triple, that's $114 billion 

annually, to provide underserved areas. Governments can also step up their game by 

increasing and sustaining WASH (water, sanitation and hygiene) access for vulnerable groups, 

especially in rural areas. 

2 Billion People Drink Contaminated Water, Says WHO! 

http://www.who.int/mediacentre/news/releases/2017/water-sanitation-investment/en/
http://www.ecowatch.com/tag/water
http://www.ecowatch.com/tag/drinking-water
http://www.ecowatch.com/tap-water-safe-to-drink-2214500702.html


3. Bamboo Forestry & Industries 

Introduction 

Bamboos include some of the 

fastest-growing plants in the world 

due to a unique rhizome-dependent 

system. Certain species of bamboo 

can grow 91 cm (3 ft) within a 24-

hour period, at a rate of almost 4 cm 

(1.5 in) an hour (a growth around 

1 mm every 90 seconds, or one inch 

every 40 minutes). Giant 

bamboos are the largest members of 

the grass family. Bamboos are of 

notable economic and cultural 

significance in South Asia, Southeast 

Asia and East Asia, being used 

for building materials, as a food 

source, and as a versatile raw product. Bamboo has a higher specific compressive 

strength than wood, brick, or concrete and a specific tensile strength that rivals steel. It is a 

marvelous resource that provides a myriad of benefits for billions of people. Development of 

bamboo resources is economically assisting impoverished people while at the same time 

stabilizing erodible slopes and flood-prone watersheds. The ability to substantially accentuate 

rapid growth through intensive management for commercialization purposes magnifies its many 

benefits.  

Worldwide distribution 

Most bamboo are native to warm and moist tropical and warm temperate climates. However, 

many species are found in diverse climates, from hot tropical regions to cool mountainous 

regions and highland cloud forests. In the Asia-Pacific region they occur across East Asia, from 

50°N latitude in Sakhalin south to Northern Australia, and west to India and the Himalayas. 

China, Japan, Korea, India, and Australia, all have several endemic populations. They also 

occur in small numbers in sub-Saharan Africa, confined to tropical areas, from southern 

Senegal in the north to southern Mozambique and Madagascar in the south. In the Americas 

bamboo has a native range from 47 °S in southern Argentina and the beech forests of 

central Chile, through the South American tropical rainforests, to the Andes in Ecuador near 

14,000 feet. Bamboo is also native through Central America and Mexico, northward into 

the Southeastern United States. Canada and continental Europe is not known to have any 

native species of bamboo.  

Recently, some attempts have been made to grow bamboo on a commercial basis in the Great 

Lakes region of east-central Africa, especially in Rwanda. In the United States, several 

companies are growing, harvesting, and distributing species such as Phyllostachys 

nigra (Henon) and Phyllostachys edulis (Moso).  

https://en.wikipedia.org/wiki/Giant_bamboo
https://en.wikipedia.org/wiki/Giant_bamboo
https://en.wikipedia.org/wiki/Southeast_Asia
https://en.wikipedia.org/wiki/Southeast_Asia
https://en.wikipedia.org/wiki/Building_material
https://en.wikipedia.org/wiki/Compressive_strength
https://en.wikipedia.org/wiki/Compressive_strength
https://en.wikipedia.org/wiki/Tensile_strength
https://en.wikipedia.org/wiki/Sakhalin
https://en.wikipedia.org/wiki/Sakhalin
https://en.wikipedia.org/wiki/Himalayas
https://en.wikipedia.org/wiki/Sub-Saharan_Africa
https://en.wikipedia.org/wiki/Argentina
https://en.wikipedia.org/wiki/Chile
https://en.wikipedia.org/wiki/Central_America
https://en.wikipedia.org/wiki/Mexico
https://en.wikipedia.org/wiki/African_Great_Lakes
https://en.wikipedia.org/wiki/African_Great_Lakes
https://en.wikipedia.org/wiki/Phyllostachys_nigra
https://en.wikipedia.org/wiki/Phyllostachys_nigra
https://en.wikipedia.org/wiki/Phyllostachys_edulis


Ecology 

Bamboo’s growth rate is 

dependent on local soil and 

climatic conditions, as well as 

species, and a more typical 

growth rate for many 

commonly cultivated bamboos 

in temperate climates is in the 

range of 3–10 cm (1.2–3.9 in) 

per day during the growing 

period. Some of the largest 

timber bamboo can grow over 

30 m (98 ft) tall, and be as 

large as 25–30 cm (9.8–11.8 in) in diameter. However, the size range for mature bamboo is 

species-dependent, with the smallest bamboos reaching only several inches high at maturity.  

The two general patterns for the growth of bamboo are "clumping" (sympodial) and "running" 

(monopodial). Clumping bamboo species tend to spread slowly, as the growth pattern of the 

rhizomes is to simply expand the root mass gradually, similar to ornamental grasses. "Running" 

bamboos, though, need to be controlled during cultivation because of their potential for 

aggressive behavior. They spread mainly through their roots and/or rhizomes, which can spread 

widely underground and send up new culms to break through the surface. Running bamboo 

species are highly variable in their tendency to spread; this is related to both the species and 

the soil and climate conditions. Some can send out runners of several meters a year, while 

others can stay in the same general area for long periods. If neglected, over time, they can 

cause problems by moving into adjacent areas. 

Bamboos seldom and unpredictably flower, and the frequency of flowering varies greatly from 

species to species. Once flowering takes place, a plant declines and often dies entirely. 

Although a few species of bamboo are always in flower at any given time, collectors desiring to 

grow specific bamboo typically obtain their plants as divisions of already-growing plants, rather 

than waiting for seeds to be produced. 

Regular observations indicate major growth directions and locations. Once the rhizomes are cut, 

they are typically removed; however, rhizomes take a number of months to mature, and an 

immature, severed rhizome usually ceases growing if left in-ground. If any bamboo shoots come 

up outside of the bamboo area afterwards, their presence indicates the precise location of the 

removed rhizome. The fibrous roots that radiate from the rhizomes do not produce more 

bamboo. 

Bamboo growth is also controlled by surrounding the plant or grove with a physical barrier. 

Typically, concrete and specially rolled HDPE plastic are the materials used to create the 

barrier, which is placed in a 60– to 90-cm-deep ditch around the planting, and angled out at the 

top to direct the rhizomes to the surface. (This is only possible if the barrier is installed in a 

straight line.) If the containment area is small, this method can be detrimental to ornamental 

bamboo, as the bamboo within can become root bound and start to display the signs of any 

https://en.wikipedia.org/wiki/Stolon
https://en.wikipedia.org/wiki/Root
https://en.wikipedia.org/wiki/Rhizome
https://en.wikipedia.org/wiki/Soil
https://en.wikipedia.org/wiki/Climate
https://en.wikipedia.org/wiki/HDPE


unhealthy containerized plant. In addition, rhizomes can escape over the top, or beneath the 

barrier if it is not deep enough. Strong rhizomes and tools can penetrate plastic barriers, so care 

must be taken. In small areas, regular maintenance may be the best method for controlling the 

running bamboos. Barriers and edging are unnecessary for clump-forming bamboos, although 

these may eventually need to have portions removed if they become too large. 

Unlike all trees, individual bamboo culms emerge from the ground at their full diameter and grow 

to their full height in a single growing season of three to four months. During this time, each new 

shoot grows vertically into a culm with no branching out until the majority of the mature height is 

reached. Then, the branches extend from the nodes and leafing out occurs. In the next year, the 

pulpy wall of each culm slowly hardens. During the third year, the culm hardens further. The 

shoot is now a fully mature culm. Over the next 2–5 years (depending on species), fungus 

begins to form on the outside of the culm, which eventually penetrates and overcomes the culm. 

Around 5–8 years later (species- and climate-dependent), the fungal growths cause the culm to 

collapse and decay. This brief life means culms are ready for harvest and suitable for use in 

construction within about three to seven years. Individual bamboo culms do not get any taller or 

larger in diameter in subsequent years than they do in their first year, and they do not replace 

any growth lost from pruning or natural breakage. Bamboo has a wide range of hardiness 

depending on species and locale. Small or young specimens of an individual species produce 

small culms initially. As the clump and its rhizome system mature, taller and larger culms are 

produced each year until the plant approaches its particular species limits of height and 

diameter. 

Many tropical bamboo species die at or near freezing temperatures, while some of the hardier 

temperate bamboos can survive temperatures as low as −29 °C (−20 °F). Some of the hardiest 

bamboo species can be grown in USDA plant hardiness zones 5, although they typically 

defoliate and may even lose all above-ground growth, yet the rhizomes survive and send up 

shoots again the next spring. In milder climates, such as USDA zone 7 and above, most 

bamboo remain fully leafed out and green year-round. 

Animal Diet 

Bamboo is the main food of the giant panda, making up 99% 

of its diet. Soft bamboo shoots, stems, and leaves are the 

major food source of the giant panda of China, the red 

panda of Nepal, and the bamboo lemurs of Madagascar. Rats 

eat the fruits. Mountain gorillas of Africa also feed on bamboo, 

and have been documented consuming bamboo sap which 

was fermented and alcoholic. Chimpanzees and elephants of 

the region also eat the stalks. Young bamboo leaves also can 

serve as fodder thus can be fed to livestock and farm animals 

such as cattle, goats, sheep and cows. 
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Commercial Timber 

Timber is harvested from both cultivated and wild stands, and some of the larger bamboos, 

particularly species in the genus Phyllostachys, are known as "timber bamboos". 

Harvesting 

Bamboo used for construction purposes must be harvested when the culms reach their greatest 

strength and when sugar levels in the sap are at their lowest, as high sugar content increases 

the ease and rate of pest infestation. 

Harvesting of bamboo is typically undertaken according to these cycles: 

1) Lifecycle of the culm: As each individual culm goes through a 5– to 7-year lifecycle, culms 

are ideally allowed to reach this level of maturity prior to full capacity harvesting. The clearing 

out or thinning of culms, particularly older decaying culms, helps to ensure adequate light and 

resources for new growth. Well-maintained clumps may have a productivity three to four times 

that of an unharvested wild clump. Consistent with the lifecycle described above, bamboo is 

harvested from two to three years through to five to seven years, depending on the species. 

2) Annual cycle: As all growth of new bamboo occurs during the wet season, disturbing the 

clump during this phase will potentially damage the upcoming crop. Also during this high-rainfall 

period, sap levels are at their highest, and then diminish towards the dry season. Picking 

immediately prior to the wet/growth season may also damage new shoots. Hence, harvesting is 

best a few months prior to the start of the wet season. 

3) Daily cycle: During the height of the day, photosynthesis is at its peak, producing the highest 

levels of sugar in sap, making this the least ideal time of day to harvest. Many traditional 

practitioners believe the best time to harvest is at dawn or dusk on a waning moon. 

Leaching 

Leaching is the removal of sap after harvest. In many areas of the world, the sap levels in 

harvested bamboo are reduced either through leaching or postharvest photosynthesis.  

Examples of this practice include: 

1. Cut bamboo is raised clear of the ground and leaned against the rest of the clump for 

one to two weeks until leaves turn yellow to allow full consumption of sugars by the 

plant. 

2. A similar method is undertaken, but with the base of the culm standing in fresh water, 

either in a large drum or stream to leach out sap. 

3. Cut culms are immersed in a running stream and weighted down for three to four weeks. 

4. Water is pumped through the freshly cut culms, forcing out the sap (this method is often 

used in conjunction with the injection of some form of treatment). 

In the process of water leaching, the bamboo is dried slowly and evenly in the shade to avoid 

cracking in the outer skin of the bamboo, thereby reducing opportunities for pest infestation. 

Durability of bamboo in construction is directly related to how well it is handled from the moment 

of planting through harvesting, transportation, storage, design, construction, and maintenance. 
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Bamboo harvested at the correct time of year and then exposed to ground contact or rain will 

break down just as quickly as incorrectly harvested material. 

Ornamental Bamboos 

The ornamental plant sold in containers and marketed as "lucky bamboo" is actually an entirely 

unrelated plant, Dracaena sanderiana. It is a resilient member of the lily family that grows in the 

dark, tropical rainforests of Southeast Asia and Africa. Lucky bamboo has long been associated 

with the Eastern practice of feng shui and images of the plant widely available on the Web are 

often used to depict bamboo. On a similar note, Japanese knotweed is also sometimes 

mistaken for a bamboo, but it grows wild and is considered an invasive 

species. Phyllostachys species of bamboo are also considered invasive and illegal to sell or 

propagate in some areas of the US. 

 

Bamboo for Various Uses & 

A Brief Background 

While discussion in this report centers on the 

relatively recent rise in bamboo’s global use, it 

is important to realize that bamboo has long 

been used for a myriad of purposes, including 

construction of dwellings and other structures. 

In fact, bamboo culture has been described as 

an essential part of human history and 

civilization, especially in Asia (Lobovikov et al. 

2007). There is a long history of bamboo use in 

South America as well. 

Today, similar to the last 5,000 years, bamboo 

is used as a primary building material in many 

parts of the world. Currently, over 1 billion 

people are estimated to be living in traditional 

bamboo houses (Lobovikov et al. 2007). Lightweight and high strength bamboo stalks 4-5 

inches in diameter provide structural support, and can also be lashed together to form panels 

used for roofing, flooring, exterior walls and partitions, doors, and window frames. Bamboo 

strips can be woven to form mats and window coverings. In addition, bamboo is used for 

scaffolding in construction projects – often to great heights. While bamboo continues to be used 

in these traditional ways, it has also become an important raw material for production of modern 

building products.  

Bamboo is also used as a raw material in furniture production and papermaking, as a fuel (in the 

form of charcoal, oil, or as a gas produced through pyrolysis), as a fiber for making cloth, and for 

making a range of products from chopsticks and tableware, to packaging materials, to 

medicines and other health care products (Xiang 2010). Another primary use of bamboo is food, 

with shoots consumed both fresh and in a variety of processed forms. Mertens et al. (2008) 

report that some 200 species of bamboo provide shoots for human consumption. Bamboo 
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shoots are now popular throughout Asia and much of the world. China is reported to have both 

the largest and fastest growing bamboo sector, involving more than ten million bamboo farmers, 

providing 35 million jobs (Buckingham et al. 2011; Yiping and Henley 2010; Hogarth and 

Belcher 2013; Xiang 2010), and generating a market value of over $10.5 billion (Buckingham 

and Belcher 2013). China is also dominant in exports of various bamboo products for the global 

market. Countries with significant bamboo resources and bamboo exports include China, 

Vietnam, Indonesia, Thailand, and the Philippines. India has a large Bamboo resource also, 

estimated at about 9 million hectares (or about 30 percent of global total), that as of 2008 only 

contributed about 4 percent of the global market (Sharma, 2008). 

 

Culinary Uses and Edible 

Shoots 

Bamboo shoots or bamboo sprouts are the 

edible shoots (new bamboo culms that 

come out of the ground) of 

many bamboo species including Bambusa 

vulgaris and Phyllostachys edulis. They 

are used in numerous Asian dishes and 

broths. They are sold in various processed 

shapes, and are available in fresh, dried, 

and canned versions. For humans, almost 

the only edible part of bamboo as a “food”, is the shoot (pandas eat bamboo leaves and stems in 

addition to the shoots). Bamboo shoots are very young culms that are harvested before they grow 

too big and before they harden. Note that not all bamboo shoots are edible. Among the edible 

species, the size and shape of the shoots vary. They can be long and slender or bulbous. 

Bamboo shoots are subtly sweet and low in fat.  

Bamboo shoot is a rich source of amino acids, phosphorous, dietary fiber, magnesium, protein, 

iron, potassium, copper, selenium, vitamin B1, nicotinic acid, calcium, zinc, sodium, riboflavin, 

carotene and essential minerals. Young bamboo shoots are mostly used as green vegetables 

for cooking food, achara soup and curry. The young tender leaves can also be cut into small 

pieces and used for making pickles and for preparing meat and fish dishes. Young bamboo 

shoots can be stir-fried with other vegetables or stir-fried just alone. The shoots can also be 

used for producing soft drinks and bamboo wine. 

After harvesting, bamboo shoots are covered in several fibrous layers. The layers are removed 

until the softer interior is exposed. The bamboo shoot is then boiled until tender. Canned and 

vacuum-packed bamboo shoots are available almost anywhere in the world. These are, however, 

not as flavorful since much of the natural sweetness is lost. But they are more convenient 

especially in areas where fresh bamboo shoots are unavailable. Bamboo shoots can be stir fried, 

added to soups, steamed, stewed or braised. Raw bamboo shoots contain cyanogenic 

glycosides, natural toxins also contained in cassava. The toxins must be destroyed by thorough 
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cooking and for this reason fresh bamboo shoots are often boiled before being used in other 

ways. The toxins are also destroyed in the canning process. 

Paper 

In China, people have been making paper from bamboo fibers for more than 1,500 years. In 

Germany, the Hahnemuhle paper mill has been producing art papers for 420 years. Bamboo is 

an environmentally attractive option for papermaking because it is a more renewable resource 

than trees. The bamboo plant, which is actually a tropical grass, grows to maturity in about four 

years, compared to the 25 to 70 years required for most commercial tree species. About 25 

percent of the bamboo can be pruned annually, meaning that bamboo can provide 4 to 5 times 

the usable biomass of the fastest-growing commercial trees. 

Ironically, the computer revolution has not decreased our use of paper as was predicted when 

computers began to appear in our homes and businesses. Instead, the demand for paper 

products has skyrocketed over the last 20 years. In the U.S. alone, per capita consumption of 

paper and paperboard exceeds 800 pounds each year which places enormous strain on forests 

that take decades to recover. The increasing popularity of bamboo paper may help to decrease 

reliance on wood pulp in papermaking and offer some relief to our remaining woodlands. 

Recent demand for bamboo paper has grown considerably as consumers look for 

environmentally friendly products from renewable resources. Responding to the demand, paper 

manufacturers are introducing new bamboo paper products to the market that are comparable 

in strength, brightness, and printability to paper made from wood pulp.  

Bamboo pulps are mainly produced in China, Myanmar, Thailand, and India, and are used 

in printing and writing papers. The most common bamboo species used for paper 

are Dendrocalamus asper and Bambusa blumeana. It is also possible to make dissolving 

pulp from bamboo. The average fiber length is similar to hardwoods, but the properties of 

bamboo pulp are closer to softwood pulps due to it having a very broad fiber length 

distribution. With the help of molecular tools, it is now possible to distinguish the superior fiber-

yielding species/varieties even at juvenile stages of their growth, which can help in 

unadulterated merchandise production. 

Why should we use Bamboo Paper? 

Listed below are several reasons to purchase and use bamboo paper products: 

• It’s a quickly renewable resource. Bamboo is the single fastest growing species of 

plant on the planet with some species growing more than a meter a day. In sharp 

contrast to trees which require decades to recover from harvesting, bamboo reaches 

maturity in 3 to 5 years or less and when it is cut, the stem is left in the soil to sprout a 

new shoot and start the growing process again. 

• It thrives in depleted soil. In environmentally stressed areas where rainforests have 

been clear-cut and burned, bamboo is one of the few plants that can grow easily and 

begin the process of returning nutrients to the soil. Bamboo also grows on 

mountainsides and on steep slopes where few other cash crops can. 
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• Its paper is recyclable. Just like paper made from wood pulp, bamboo paper can be 

recycled to lessen our impact on the environment and further reduce our reliance on 

trees. 

• It helps to reduce soil erosion. The rhizomes (roots) of the bamboo plant branch out 

from the stalk which helps to secure soil from erosion and retain precious soil moisture. 

This also helps to prevent silt from choking rivers and streams and affecting aquatic life. 

• It provides jobs and economic development. In economically depressed areas where 

unemployment and lack of income foster civic unrest, bamboo offers farmers a viable 

cash crop and jobs in bamboo paper mills give residents a chance to provide a higher 

standard of living for their families. The exportation of bamboo paper products also 

allows poor countries a chance to build their economies and provide better roads and 

services. 

As more and more consumers look for everyday products that are environmentally responsible, 

the emergence of bamboo paper products on the world's markets offers us a chance to save 

our remaining hardwood forests and reduce the catastrophic environmental effects of clear-

cutting and deforestation. The impact of bamboo paper on the worldwide paper industry is still 

being determined but the largest manufacturers are taking notice of this trend in the 

marketplace and introducing innovative uses for bamboo paper every day. 

Fiber 

Bamboo can be made into many different kinds of fiber, including tissue or paper, using the 

same manufacturing methods applied for traditional slow growth trees. We believe it is a good 

idea to alleviate the burden that trees bear due to industries’ appetite for pulp and paper, and 

use rapidly renewable bamboo instead. 

There are different ways to create fiber and the method used depends on the type of fiber you 

want to end up with. For example, we can make tissue, wet wipes, clothing, batting, cardboard, 

or writing paper. All require varying manufacturing processes. 

There are two types of fiber derived from bamboo. The first is usually described as mechanical 

and the second as chemical. Very little of the mechanical fiber is in circulation and is not widely 

used. This fiber is more linen like and therefore not suitable for garments such as underwear, t-

shirts or socks. The fiber produced via solvent spinning is technically classified as 'viscose' and 

is properly labeled as 'viscose from bamboo'.  

The production of viscose from bamboo can and should be improved. R&D is underway to 

improve the process. Hopefully, a process similar to lyocell using organic solvents will someday 

be the standard for bamboo production. In the meantime, to discount all of the known positives 

of bamboo because it is not the darkest shade of green or 100% eco-friendly would be as bad of 

a decision as saying that organic cotton is not green or eco-friendly because of the amount of 

water used to grow it or because caustic soda is used in the processing. 

 

 



 

Some facts to consider about the Greenness of bamboo would be: 

• Bamboo is grown without pesticides or chemical fertilizers.  

• Bamboo requires no irrigation.  

• Bamboo rarely needs replanting.  

• Bamboo grows rapidly and can be harvested in 3-5 years.  

• Bamboo produces 35% more oxygen that an equivalent stand of trees.  

• Bamboo is a critical element in the balance of oxygen and carbon dioxide in the 

atmosphere.  

• Bamboo is an excellent soil erosion inhibitor.  

Bamboo fabric is breathable, 

thermal regulating, wicks moisture 

better than polyester performance 

fabrics, will resist odor and is 

absorbent and fast drying keeping 

you dryer and more comfortable 

than any cotton or polyester 

fabrics. 

 

Construction 

Bamboo has long been used as an assembly material 

in Hong Kong because of its versatility. 

Bamboo, like true wood, is a natural composite 

material with a high strength-to-weight ratio useful for 

structures.  

In its natural form, bamboo as a construction material is 

traditionally associated with the cultures of South Asia, 

East Asia, and the South Pacific, to some extent in 

Central and South America, and by extension in the 

aesthetic of Tiki culture. In China and India, bamboo was 

used to hold up simple suspension bridges, either by 

making cables of split bamboo or twisting whole culms of 

sufficiently pliable bamboo together. One such bridge in 

the area of Qian-Xian is referenced in writings dating back 

to 960 AD and may have stood since as far back as the 

third century BC, due largely to continuous maintenance. 
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Bamboo has also long been used as scaffolding and Bamboo scaffolding can reach great 

heights. 

The practice has been banned in China for 

buildings over six stories, but is still in 

continuous use for skyscrapers in Hong 

Kong. In the Philippines, the nipa hut is a 

fairly typical example of the most basic sort 

of housing where bamboo is used; the walls 

are split and woven bamboo, and bamboo 

slats and poles may be used as its support. 

In Japanese architecture, bamboo is used 

primarily as a supplemental and/or 

decorative element in buildings such as 

fencing, fountains, grates, and gutters, 

largely due to the ready abundance of quality 

timber.   

 

 

Bamboo and prefab is a match made in heaven. Bamboo Living Homes [9], is a company that 

prefabricates gorgeous bamboo homes and ships the disassembled products to anywhere in 

the world for reassembly on-site. One of their fastest bamboo building crews put together two 

houses in just two days in Hawaii. 

Various structural shapes may be made by training the bamboo to assume them as it grows. 

Squared sections of bamboo are created by compressing the growing stalk within a square 

                                                           
9 http://www.bambooliving.com 

Fast made bamboo living houses 
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form. Arches may similarly be created by forcing the bamboo's growth into the desired form, 

costing much less than it would to obtain the same shape with regular wood timber. More 

traditional forming methods, such as the application of heat and pressure, may also be used to 

curve or flatten the cut stalks. 

Bamboo can be cut and laminated into sheets and planks. This process involves cutting stalks 

into thin strips, planning them flat, and boiling and drying the strips; they are then glued, 

pressed, and finished. Long used in China and Japan, entrepreneurs started developing and 

selling laminated bamboo flooring in the West during the mid-1990s; products made from 

bamboo laminate, including flooring, cabinetry, furniture, and even decorations, are currently 

surging in popularity, transitioning from the boutique market to mainstream providers such 

as Home Depot. The bamboo goods industry (which also includes small goods, fabric, etc.) was 

around $25 billion by 2012. The quality of bamboo laminate varies among manufacturers and 

varies according to the maturity of the plant from which it was harvested (six years being 

considered the optimum); the sturdiest products fulfill their claims of being up to three times 

harder than oak hardwood while others 

may be softer than standard hardwood. 

Bamboo intended for use in 

construction should be treated to resist 

insects and rot. The most common 

solution for this purpose is a mixture 

of borax and boric acid. Another 

process involves boiling cut bamboo to 

remove the starches that attract insects.  

Bamboo has been used as 

reinforcement for concrete in those 

areas where it is plentiful, though 

dispute exists over its effectiveness in 

the various studies done on the subject. 

Bamboo does have the necessary 

strength to fulfil this function, but 

untreated bamboo will swell with water 

absorbed from the concrete, causing it to 

crack. Several procedures must be 

followed to overcome this shortcoming. 

Several institutes, businesses, and 

universities are researching the use of 

bamboo as an ecological construction 

material. In the United States and France, 

it is possible to get houses made entirely 

of bamboo. Which are earthquake - and 

cyclone-resistant and internationally 

certified. Three ISO standards are given 

for bamboo as a construction material. 

Bamboo is extensively used for fishing and aquaculture applications                                                         
on the Dayu Bay in Cangnan County, Zhejiang, China 

Bamboo pavilion in the Shenzhen Biennale, China 
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In parts of India, bamboo is used for drying clothes indoors, both as a rod high up near the 

ceiling to hang clothes on, and as a stick wielded with acquired expert skill to hoist, spread, and 

to take down the clothes when dry. It is also commonly used to make ladders.  

Textiles 

Since the fibers of bamboo are very short (less than 3 mm (0.12 in)), they are not usually 

transformed into yarn by a natural process. The usual process by which textiles labeled as 

being made of bamboo are produced uses only rayon made from the fibers with heavy 

employment of chemicals. To accomplish this, the fibers are broken down with chemicals and 

extruded through mechanical spinnerets; the chemicals include lye, carbon disulfide, and strong 

acids. Retailers have sold both end products as "bamboo fabric" to cash in on bamboo's current 

ecofriendly cachet; however, the Canadian Competition Bureau and the US Federal Trade 

Commission, as of mid-2009, are cracking down on the practice of labeling bamboo rayon as 

natural bamboo fabric. Under the guidelines of both agencies, these products must be labeled 

as rayon with the optional qualifier "from bamboo".  

Musical instruments 

Bamboo's natural hollow form makes it an obvious choice for many musical instruments, most 

commonly flutes. 
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Other uses 

Food is cooked in East Timor in bamboo in fire. This is called tukir.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Bamboo has traditionally been used to make a wide range of everyday utensils, particularly in 

Japan, where archaeological excavations have uncovered bamboo baskets dating to the Late 

Jomon period (2000–1000 BC). 

Bamboo has a long history of use in Asian 

furniture. Chinese bamboo furniture is a 

distinct style based on a millennia-long 

tradition. Several manufacturers 

offer bamboo bicycles, surfboards, 

snowboards, and skateboards. 

Due to its flexibility, bamboo is also used to 

make fishing rods. The split cane rod is 

especially prized for fly fishing. Bamboo has 

been traditionally used in Malaysia as a 

firecracker called a meriam 

buluh or bamboo cannon. Four-foot-long 

sections of bamboo are cut, and a mixture 

of water and calcium carbide are introduced. 

The resulting acetylene gas is ignited with a 

Tukir, cooking in 
bamboo in East Timor 

Bamboo is used for mussels 
breeding and propagation 
(Abucay, Bataan, Philippines). 

Sun drying of Mahua (Madhuca) using Traditional Supa prepared 
from Bamboo in Chhattisgarh Village, India 
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stick, producing a loud bang. Bamboo can be used in water desalination. A bamboo filter is 

used to remove the salt from seawater.  

Many minority groups in remote areas that have water access in Asia use bamboo that is 3–5 

years old to make rafts. They use 8 to 12 poles, 6–7 m (20 to 24 ft) long, laid together side by 

side to a width of about 1 m (3.3 ft). Once the poles are lined up together, they cut a hole 

crosswise through the poles at each end and use a small bamboo pole pushed through that 

hole like a screw to hold all the long bamboo poles together. Floating houses use whole 

bamboo stalks tied together in a big bunch to support the house floating in the water. Bamboo is 

also used to make eating utensils such as chopsticks, trays, and tea scoops. 

The Song Dynasty (960–1279 AD) Chinese scientist and polymath Shen Kuo (1031–1095) used 

the evidence of underground petrified bamboo found in the dry northern climate 

of Yan'an, Shanbei region, Shaanxi province to support his geological theory of gradual climate 

change.  

Found both in the temperate, tropical, and subtropical regions of the globe, this flowering 

rhizome-dependent plant is capable of adapting to harsh soil and weather conditions. Bamboo 

plant comprises of 1200 species and approximately 90 genera. 

Bamboo trees are mostly predominant in villages, riverbanks, streams, ponds, forests, 

roadsides and farms. The bamboo trees can be found in every continent mostly in Asia, 

America and Africa except Antarctica. Bamboo plant is distinguished by its oval leaves and 

hollow stems that have nodes in between the segments. Both the bamboo leaves, branches and 

stems tend to remain greenish in color during its lifetime except during fire outbreak or harsh 

sunlight. 

 

It can survive for up to 20 years while the flowers can survive between 6 to 12 years but 

dependent on the type of specie. It is distinguished from other trees due to its outstanding 

flexible nature whereby it can bend, twist and withstand windbreak and harsh weather 

conditions without breaking. Studies attribute the bamboo plant as the strongest woody plant in 

the world due to its ability to be drawn out or stretched with a high weight-to-strength ratio. 

 

Bamboo plant can be monopodial (running specie) for example p. Pubescens, phyllostachys 

edulis, p. Mitis or sympodial (clump forming) in nature. Some bamboo genus are Fargesia, 

Phyllostachys aureosulcata, Phyllostachys edulis, Phyllostachys nigra, Bambusa, Guadua 

bamboo, dwarf bambusa, Guadua angustifolia, Phyllostachys, sweet bamboo, Dendrocalamus 

giganteus and golden bamboo. Bamboo is among the most valuable woody plant due to its 

numerous useful and beneficial purposes. 
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Incredible Benefits of the Bamboo Plant 

Every country has had at one time in its history a type of highly valued plant. Interestingly, 

certain plants can be utilized as both food, herbal medicines or for other essential purposes. As 

a result, it is always good to identify everything we 

can benefit from these nature's gifts to us.  

Bamboo can be harvested a lot more frequently 

than the average crop, making it a great 

sustainable resource. It also grows incredibly 

densely, absorbs up to 5 times the amount of O2, 

and produces 35% more Oxygen than other plants 

in the same amount of space, which helps 

decrease the amount of greenhouse gases 

released into the atmosphere.  

And because bamboo is cut and not uprooted 

when it’s harvested, the plant can regrow without having to be replanted, aiding in soil 

sustainability. The extensive root system holds soil together, preventing soil erosion and helps 

to retain water, which is why bamboo requires less water than the average plant and can rely 

solely on rain water. 

And the best news for the consumer? Since it is naturally bacteria and pest-resistant, there is no 

need for the use of pesticides or any other chemicals. It also means it can be composted and 

disposed of in an environmentally friendly way at the end of its useful life cycle. 

Super Health Benefits of Bamboo Leaves  

Since it is very well known as the multifunctional plant, many ancients also discovered that 

bamboo has the great benefits for some diseases. They even consumed young bamboo which 

Golden Bamboo Dwarf Bamboo 



has white color as their cooking dishes. Young bamboo has been eaten even until now. It is also 

known as healthy food. 

Bamboo plants have a great function in traditional treatment among Asians. The countries such 

as China, South Korea and even Japan has been taken the advantages of bamboo since 

ancient times.  

According to biomedical research revealed that the bamboo can prevent the toxicity. Besides 

bamboo is also well known as the effective plant to protect against stress or mental problem. 

While inflammation, cancer and lipotoxicity can be prevented by this long stem tree. In other 

side, there is another part of bamboo which is really useful for human health, it is bamboo 

leaves. It contains enormous function especially related to health. It is also used as the 

medicinal usage. 

Since ancient times, bamboo leaves has been revealed that contain significant portion of the 

total biomass of its plant. It is the easier to be harvested. 

Bamboo plant is a rich source of resins, arginine, silica, riboflavin, choline, thiamine, betaine, 

gluteline, cyanogenic glycosides, tyrosine, niacin, protein, albuminoids, histidine, oxalic acid, 

reducing sugar, phenylamine, nuclease, waxes, valine, urease, proteolytic enzyme, taxiphyllin, 

methionine, benzoic acid, urease, threonine, isoleucine, lysine, cysteine, acetylcholine. 

 

1. Antimicrobial Properties. Singh et al., (2010) subjected the ethanolic and aqueous extracts of 

bamboo for antimicrobial activity against the strains of Staphylococcus aureus, E.coli, Bacillus and 

P.aeruginosa. The results showed that bamboo extracts have effective inhibitory ability against 

Staphylococcus aureus. Both the ethanolic and aqueous extracts proved highly effective comparable to 

penicillin. Researchers agree that both the methanolic, ethanolic and methanol-ethanolic extracts of the 

bamboo plant is a potential source of antimicrobial drugs 

  



2. Antibacterial Properties. Bambusa bambose L. leaves extract is broad spectrum and contains 

antibacterial properties. As a result, the leaves can be used for tackling bacterial diseases. Bamboo leaves 

are very benefit as antibacterial against the staphylococcus aureus which is contained by skin cosmetics. It 

actually leads the dangerous properties from cosmetics which can influence the health. It will cause acne, 

comedo, cellulitis and even allergies. Thus bamboo leaves are the effective way to prevent that problem. 

You can use bamboo leaves to be extracted in hot water and you can drink it as you usually do so when 

drinking tea. 

 

3. Rhinorrhagia Treatment. Rhinorrhagia, which is also known as nosebleed is a health condition 

marked by hemorrhage from the nose. This can be attributed to the rupture of small vessels lying atop of the 

anterior part of the cartilaginous nasal septum. Studies reveal that herbal medicine from the shoots, seeds, 

leaves and roots of the bamboo plant can be used for treating rhinorrhagia. 

 

4. Anthelmintic Purposes. Bamboo leaf can be used for preparing herbal drugs for destroying parasitic 

worms due to its strong anthelmintic compositions. 

 

5. Anti-inflammatory Properties. Researchers reveal that combining a methanol extract of Bambusa 

arundinacea with nonsteroidal anti-inflammatory analgesic offers a strong anti-inflammatory effect. As a 

result, it can be used for tackling chronic inflammatory conditions such as arthritis, rheumatoid. 

 

6. Astringent Properties. Due to the strong astringent properties of the bamboo plant, it can be used for 

preparing a herbal astringent lotion for reducing bleeding from minor abrasions or cuts. It can also be used 

for preparing cosmetics applied on the skin to make the skin less oily. 

 

7. Antispasmodic Effects. Due to the antispasmodic effects of the bamboo plant, it can be used for 

preparing antispasmodic drugs for relieving spasm of the involuntary muscles. 

 

8. Aphrodisiac Properties. Due to the aphrodisiac properties of the bamboo plant, it can be used for 

producing medicines for stimulating sexual desires.  

 

9. Anticoagulation Effects. Bamboo leaves have been proven effective for preventing the formation of 

blood clots due to its anticoagulant properties. As a result, herbal medicines from the leaves can be used for 

preventing and treating disorders caused by abnormal blood clots. 

 

10. Phlegm Treatment. Both the roots, branches, leaves, seeds and leaves of the bamboo plant can be 

used for preparing herbal medicines for treating phlegm. The medicine helps to clear the thick viscous 

substance secreted by the mucous membranes of the respiratory passages, especially during cold. 

 

11. Laryngitis Treatment. Herbal medicines from bamboo shoots can be used for treating laryngitis, 

which is a health condition caused as a result of the inflammation of the larynx. This inflammation usually 

results in painful cough, harsh breathing, huskiness or loss of voice. 

 

12. Febrifuge Properties. Bamboo leaves, stems, and roots can be used for preparing herbal medicines 

for treating and reducing fever. 

 

13. Antioxidant potential of bamboo. Bamboo is known for its high anti-oxidizing properties and as 

such can aid the removal of potentially damaging oxidizing agents in a living organism. 

 



14. Anti-cancerous Properties. The alkaline extract of Sasa senanensis leaves is believed to be 

effective for tackling cancerous growths due to its anti-cancer properties. 

 

15. Anti-diabetic Properties. Bamboo shoots and its extracts can be used for preparing herbal medicines 

for regulating the blood sugar level.  Bamboo leaves have been proven as the effective way to heal many 

kind of diseases including balancing the sugar level and even lowering it well. Some uses bamboo leaves as 

tea which has specific smell which is also good to neutralize our mind. The component such as fiber in 

bamboo leaves is very effective for balancing blood sugar. That condition will lead to the weight loss and 

prevent diabetes. Besides, will also help a body to hold detoxification. 

 

16. Bamboo Leaves for Detoxification. The soluble fiber in bamboo leaves have natural anti-

inflammatory properties and also support the detoxification process. Compounds that arise in the processing 

of bamboo leaf concoction can help the body in loaded all toxins from the body's sweat or tract secretions. 

The effects of drinking a concoction of bamboo leaves is very effective to cope with respiratory problems 

and also disorders of the liver. 

 

17. Balanced Cholesterol Level. The herbal medicines from the bamboo plant parts can be used for 

regulating the cholesterol level. Drinking bamboo leaves tea or even consume shoots of bamboo will 

influence the cholesterol lower meanwhile it will increase fecal volume and it is also good for dietary fiber. 

 

18. Healing of Skin Eruptions. Bamboo bark can be decocted and used for treating skin eruptions. 

 

19. Antileprotic Properties. Due to the antileprotic properties of the bamboo plant, studies reveal that the 

leaves can be used for preparing medicines for treating leprosy. 

 

20. Laxative Effect. The pungent bamboo seeds can serve as a laxative for stimulating the evacuation of 

feces. 

 

21. Aids Digestion. Due to the high dietary fiber content of young bamboo shoots, studies reveal that 

including them in our diets aids easy digestion of food. It also boosts our appetite. 

 

22. Stimulating Properties. The leaves can be used as a stimulant for raising the levels of physiological 

or nervous activities in the body. 

 

23. Impact Male Fertility. A study focused on the benefits of bamboo revealed that bamboo leaves and 

shoots are very effective to stimulate and influence the fertility among male. The ethanolic extract of bamboo 

could change the function of integrity and it shows that bamboo leaves and shoots are very important for 

male fertility. 

 

24. Construction Purposes. Long bamboo stems are normally used for construction purposes such as 

building houses, bridges, pillars, fences, roofing and flooring etc. The stem also serves as a stake, which 

can be driven into the ground to support a plant or mark a boundary. The stems can also be used for 

constructing furniture, baskets and utensils. 

  



25. Treat Lung and Stomach-heat (Digestive System). Health Benefits of Bamboo Leaves for 

stomach is very powerful. For those who is suffering a diseases on lung, chest or even heart. Straightly think 

about bamboo leaves! Bamboo leaves can clear the heat inside the body especially stomach, lung and also 

heart while it is also good for promoting urination. Bamboo leaves can even leach out the heat or problem 

inside the lung, heart and also stomach which is also used to heal urinary dysfunction which is signed by 

depression. Besides, bamboo leaves can also prevent digestive system which generally lead to the feeling 

of uncomfortable inside the stomach. Bamboo leaves will prevent this problem very well and it has been 

known since very long time ago. Digestive problems can cause the stomach to be uncomfortable. This 

problem typically include abdominal bloating, excessive gas, constipation or diarrhea. It turns out the 

processed bamboo leaves into tea could form a compound that serves to regulate the digestive system. 

Drinking tea from the leaves of bamboo can make the stomach become more comfortable. You can drink 

this concoction before eating bamboo leaves. 

 

26. Treat the Respiratory Disorder. Bamboo leaves tea is mixed with honey will heal respiratory 

disorders even though it has been already known as delicious dishes. Since it contains many kind of health 

compounds such as proteins, vitamins, minerals, amino acids, carbohydrates and so on, this multibenefit 

plant is very good to treat respiratory problem. Besides the most powerful part is young bamboo which is 

known as shoots. It is very good for dished and also for medicine. 

 

27. Thyroid Function. Consuming bamboo leaves and also shoots are very useful to influence thyroid 

hormones such as thyroxine and also triiodothyronine. It can regulate the cortical cerebral neuronal 

migration during a fetal brain. 

 

28. Anti-Tumor. A study ever demonstrated the benefit of bamboo leaves in which it was useful as anti-

tumor. The extract of bamboo leaves can give the significant benefit to be anti-tumor efficacy and it 

addressed to immunopotentiation. 

 

29. Prevent Free Radicals. Bamboo leaves have been known as the antioxidant properties which are 

very effective to heal body and prevent it from free radicals. Besides, some study already demonstrated that 

bamboo leaves also contains minerals and vitamins which can be useful to prevent free radicals. For those 

who wants to prevent the body from free radical, you only need to make bamboo leaves as tea and it can be 

drunk every day safely. The reason why bamboo leaves are good for prevent free radical is that bamboo 

leaves contain micronutrients or antioxidant and it can reduce cell damage caused by free radical. 

 

30. Balance Health. Health Benefits of Bamboo Leaves for health balancing could be the best one. Bamboo 

leaves is also good to balance the health because it does not have dangerous components such as caffeine 

in coffee. It is healthy and friendly leaves for tea. Bamboo leaves tea can be drunk together with lemon or 

other essential aroma such as mint and jasmine. As we all know that jasmine and mint will affect the peace 

and fresh into the brain and soul. That is why bamboo leaves is very good to balance the health of body and 

its mind and soul.  

 

31. Health for Nail and Hair. Bamboo mostly grow without any chemicals or pesticides. That is why 

bamboo is very good to be consumed either for dishes or natural medicine. Some study also revealed that 

bamboo leaves contain silica which can strengthen all the human body cells. It mostly stimulate and support 

the health of hair and nail. This silica is really good for human health cells since it is better than supplement. 

Besides, the silica contained in bamboo leaves are also good for the health of bone. It can prevent any 

damage on bone moreover it is also good for dental health. Blend of bamboo leaves contain vitamin E and 

antioxidant compounds that are good for maintaining healthy tissues in the body. Consumption blend of 

bamboo leaves will enhance the growth of new hair tissue is more fertile and strengthen nails layer. 

 



32. Promote Health and Wellness. The bamboo leaves provide the soluble fiber which generally good 

to prevent digestive system and in fact it also promote the overall wellness and health. Bamboo leaf tea that 

has been molded into it also does not contain caffeine and safe when mixed with other ingredients. You can 

add lemon, jasmine aroma or fresh mint leaves. Refreshing effect of bamboo leaf tea will make the body 

fresh and warm. Concoction of dried bamboo leaves can be against wind and flatulence. 
 

33. Prevent the Asthma. Bamboo leaves now is getting popular with its benefit for treating and healing 

diseases. Another benefit of bamboo leaves is that bamboo leaves can prevent the asthma caused by the 

symptom of inflammatory. 

 

34. Prevent Birth Disorder. Consuming bamboo leaves tea will prevent maternal hypothyroxinema during 

a period of fetal neuronal cell migration in baby. It will help to morphological changes in fetal brain and it will 

combat the problem such as an autism. Consuming bamboo leaves and shoots are very important to 

strengthen baby neuronal cells and will prevent the birth defect. 

 

35. Protective Effects. The protective effects rises as one of the benefit of bamboo. Bamboo leaves can 

protect the body against N- Methyl-Daspartate. It is induced cell death in primary cultured cortical neuron 

and the anti-plasmin. It is caused and determined by using fibrin and fibrinogen degradation products 

(FDPs) assay. This multibenefit plant is quite proved as the benefit plant in the world since it is very rich in 

vitamins and also minerals. 

36. Prevent Hypertension. Bamboo leaves are formed into a tea or concoction has a calming effect. This 

will make the body become fresher. In addition, natural bamboo leaf has a function to lower blood pressure, 

regulate the vascular system of the heart and also maintain healthy blood vessels. 

 

37. Helps Skin Care. Fresh bamboo leaves also can be the best material to treat the skin. Take a few 

pieces of fresh bamboo leaves and mash until smooth. Give it a few drops of olive oil or honey and used as 

a mask to cleanse the skin. Fibers and granules on bamboo leaves can make your skin softer. It also does 

not cause irritation. 

 

38. Help Heal and Closing Wounds. Isoorientin substances found in fresh bamboo leaves have a very 

good system to help heal wounds and wound closure in a faster way. Even granting the wound with fresh 

bamboo leaves smoothed can close the wound for about 29 hours. This research has been conducted by 

medical experts in China and Japan. 

 

39. Relieve Menstrual Pain. When menstruation then usually women would feel uncomfortable especially 

as abdominal pain, back pain, and bone pain. Also coupled with a decrease in the levels of hb so that the 

body becomes weaker. To overcome this problem then it could use a fresh bamboo leaf decoction. You can 

create a blend of 5 pieces of fresh bamboo leaves, then wash thoroughly. Boil four cups of water and 

leaving up to one glass. Drink at night before bed and you will lessen menstrual pain. 

 

40. Smooth urinating. Bladder problems usually will cause a burning sensation and pain during urination. 

These problems can occur for many reasons such as virus infection or germs and lack of drinking water. To 

overcome this problem naturally then you can boil about 20 pieces of fresh bamboo leaves with 3 cups of 

water. Let boil and leaving up to 1 cup only. To get a more potent properties it is advisable to add 2 

tablespoons of pure honey. 

 

 

 

http://hanchunk.blogspot.com/2015/04/almond-tremendous-benefits-for-your-skin.html


The Side Effects of Consuming Bamboo Leaves Tea by Pregnant 

Women 

Bamboo leaf tea that has been processed into 

and through all kinds of drying procedure will 

produce a very distinctive smell. Mixture of 

tea used to be derived from bamboo leaf 

jasmine or frangipani. However, side effect of 

consuming bamboo leave also is that it can 

lead to abortifacient to pregnant women. Its 

leaves contain many kind of compounds 

found surprisingly can increase abortion 

frequency.  

 

 

A Commercial View 

China is reported to have both the largest and fastest growing bamboo sector around the world, 

involving more than ten million bamboo farmers, providing 35 million jobs, and generating a 

market value of over $10.5 billion in 2013. 

All tropical regions of Africa have the potential to benefit from growing this fantastic plant as this 

will bring self-sufficiency to this continent while supporting the ALLNatural Environment which 

supports ALL of US.  

Let’s review the following evaluation example for 650,000 $ investment in growing bamboo:  

Costs:  

Land = 400,000$ (for 10 acre)  

Land preparation + containers = 100,000$  

Seeds = 5$ to 15$ (~max: 30,000$) 

Planting+ Maintenance+ Harvesting labor = 20,000 

Marketing = 100,000 $  

Each bamboo to be sold =~ 20 to 30$ 

4 year cycles of harvesting  

Assume: 1 linear foot of pole grows per square foot of land  

Income: 

1$ per linear foot of pole or ~40,000$ /acre 
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4. Prefab or Modular Housing Projects 

Welcome to our housing projects, your gateway to quality and affordable Executive and Budget 

Homes in Africa as an element of becoming self-sufficient at this level of life. 

Due to the recent increase in population growth and urbanization, the African housing sector 

has been unable to provide sufficient affordable housing to residents. Our projects have 

embarked on the idea of Africans being able to own an environmental friendly home at 

reasonable prices.  

The homes of the future will not only be more sustainable and affordable; they will also be much 

faster to build. Prefab architecture is paving the way, and now there's more variety than ever to 

choose from. Don’t let the term “prefab home” scare you away, today’s prefabricated homes are 

downright fabulous. Not only do they provide home buyers with a custom, energy-efficient 

building solution, they’re also typically more affordable than traditional stick-built homes. While 

the total cost of a prefab home is highly variable based on size, amenities, and location, you can 

expect to pay between $180 and $220 per square foot on average, an amount that often 

includes the home’s interior fixtures and amenities. 

Essentially, prefab homes are homes that are constructed in a factory before being shipped to a 

building site in pieces, where they’re then assembled on-site in a matter of days. They are not 

subject to the same zoning restrictions that frequently limit the placement of manufactured and 

mobile homes. In other words, prefab homes must meet the same building codes as traditional 

“sticks and bricks” construction, so you can build a prefab home practically anywhere. 

http://inhabitat.com/tag/prefab/


 

  



Types of Prefab Homes 

There are several different types of prefab homes including the following: 

1. Modular Homes 

Modular homes consist of one or more modules that are built in a factory and then transported 

separately to the building site, where construction is completed. Each module usually comes 

fully-outfitted with interior fittings – plumbing, electrical, doors, closets, and stairs – so there’s 

little finishing work to be completed when the home is assembled. Build times from the point of 

order to move-in are roughly three to four months. They have a sleek, modern, boxy look 

because the modules are built in squares or rectangles that are then stacked or arranged onsite 

according to the predetermined building plans. However, some modular builds are combined 

with panelized walls or roofing that changes the boxy appearance into almost any style of home. 

Modular Dwelling, Architectural components, the building’s blueprints and design 

• Structural engineering, to ensure the structural integrity of your home 
• State building permit 
• Floor structure (not including foundation) 
• Roofing 
• Lighting fixtures 
• Plumbing fixtures 
• Windows 
• Siding 
• Cabinets and trim 
• Flooring 
• Countertops 
• Appliances 
• Smart home automation system, to remotely manage electricity use, lighting, and security 

systems 
• Installation of home on prepared foundation 

Some other modular home builders, do offer a greater variety of finishing packages, enabling 

you more personalization of your home’s finished appearance, but you’re still fairly limited 

relative to what you can buy on your own. You can’t simply choose a brand appliance package if 

the company doesn’t offer it – you’d either have to opt not to receive the appliances in a 

package, or you’d have to choose from the appliances the company offers. 

2. Panelized Homes 

Panelized homes are built in panels – a whole wall, for instance – then each panel is 

transported to the building site and is constructed into a home. Typically, panelized homes 

require more finishing work than modular homes, as the interior finishing work, such as painting, 

installing cabinetry and stairs, and installing flooring, must be completed on-site. 

http://www.moneycrashers.com/building-prefab-home-types-cost/
http://www.moneycrashers.com/building-prefab-home-types-cost/


Factory build-time is still similar to that of modular homes (about 6 to 12 weeks), but on-site 

build time is longer. It might take a week to construct the panels onsite, then it could take 

an additional month to complete the interior work, depending on the schedules of the 

subcontractors. Total build time can be estimated at three to five months, give or take, 

depending on subcontractor schedules. There is a wide variety of panelized home styles, such 

as Cape Cod, modern, ranch, or French country. They can be built in almost any style or 

aesthetic according to the home buyer’s preference. Because the homes are built in panels, 

they can be constructed on-site in a variety of home styles with few limitations. 

Panelized home builders, usually have fewer inclusions, which can be viewed as positive or 

negative. If you want more control over the final aesthetic of your home, picking and choosing 

appliances and fixtures yourself, then panelized construction is your best bet. But if you’re more 

concerned with a quick build, and you just want to choose a design package that’s already been 

selected, then modular builds are probably best. 

With a panelized home, you normally receive: 

• All major framing components (walls and roof) 
• Architecture – the blueprints and design 
• Structural engineering – ensuring the panels and their placement on your foundation are 

structurally sound 
• State building permit 

3. Pre-Cut Homes 

Pre-cut homes are “kit” homes, such as log cabin kits or dome homes. The homes are cut to 

design specs in-factory, then are shipped as a kit to the building site to be constructed on-site. 

Some pre-cut homes are panelized homes, but not all panelized homes are pre-cut homes. 

One factor that sets apart pre-cut homes from panelized homes is that pre-cut homes are often 

designed for the motivated home buyer who wants to construct the home on-site themselves 

using the materials and instructions supplied by the manufacturer. The kits come with a detailed 

list of instructions and parts, much like a piece of brand furniture. The home buyer then works to 

piece the home together, either alone or with the help of a general contractor. 

The basic difference between a panelized home and a kit home is intention – most panelized 

home builders intend for the panels to be pieced together by their company on-site, while kit 

home builders have no such intention, unless construction is an add-on feature. Also, not all 

pre-cut homes come with full walls or ceilings pre-manufactured. 

For instance, some pre-cut log cabin homes simply provide the pre-cut logs and framing 

materials ready to be assembled on-site. These tend to have the longest on-site build times, 

which range drastically depending on whether the home buyer completes construction him or 

herself, or if he or she enlists the help of a contractor. Total build time can be estimated at a 



minimum of five months, although it could be much longer. Particularly considering dome homes 

and log cabin kits, pre-cut homes are often a specific aesthetic. These aesthetics vary 

depending on the type of kit you choose. There are actually a wide variety of aesthetics to 

choose from. 

4. Shipping Container Homes 

Shipping container homes (homes made, quite literally, from industrial steel shipping containers) 

have made a splash in the media because of their funky and creative designs. Much like 

modular homes, shipping container homes can be stacked and pieced together like Legos to 

create homes, offices, and funky eateries.  

However, before you settle on shipping container building, just be aware that it’s not the same 

as building a prefab home. Shipping containers may be sturdy and strong, but they aren’t 

designed for residential use. This means you need to check your local building codes to see 

whether there are more restrictions for building homes using shipping containers. And unless 

you’re quite handy with a welding torch, you’ll likely need to hire an architect and general 

contractor to figure out exactly how to construct the home. These are still on the fringes of 

modular building, which means there are more hoops to jump through. 

If you love the look and feel of shipping container homes, there are a few modular 

manufacturers who have redesigned the shipping container specifically for residential and 

commercial use as well.  

 

http://www.moneycrashers.com/building-prefab-home-types-cost/


Size and Aesthetics 

The sky’s the limit when it comes to prefab home size. There are tiny modular structures, such 

as Eco-Cottage’s 250-square-foot Starling model, boasting one bathroom and zero bedrooms, 

and there are sprawling, several thousand-square-foot options, such as Blu 

Homes’ Breezehouse, which offers up to five bedrooms and five bathrooms, and almost 3,000 

square feet of space. 

One reason modular homes have become so popular is because they meld nicely with the small 

house trend. Building a house of any size is never cheap, but those who want to keep costs and 

energy expenses low can opt for a tiny, pre-built modular home that requires much less in terms 

of foundation and utilities expenses, and can be constructed much faster than a stick-built 

home. 

If you’re interested in building a prefab home, you really aren’t limited by aesthetic. You may just 

have to choose a particular type of prefab home based on your style preferences. Some 

manufacturers combine different types of prefab building methods to open up the aesthetic 

possibilities.  

Home Package Inclusions 

When considering a prefab home, it’s very important to pay close attention to what is and isn’t 

included in the home package you select. For instance, modular homes are often (but not 

always) sold with a full package of fixtures, appliances, windows, and flooring, while pre-cut and 

panelized homes often consist just of the materials necessary for a wall, roof, or frame. These 

walls and roofs may or may not include insulation, wiring for electrical, windows, doors, or even 

drywall. In some cases you can pay additional for the completed wall structure, but in most 

cases you have to work with an onsite contractor to help you complete and finish your home, 

including the finishing of the roof and walls. 

What’s Typically Not Included? 

The base price of a prefab home doesn’t account for many of the expenses required to build a 

home, so you must be prepared to pay additional expenses, which may include: 

• The land the house will be built on 
• Soils testing 
• Site survey 
• Utility hookups, if necessary (water, waste water or septic, electrical, cable) 
• The prepared foundation for the home to be built on (concrete slab or pier and beam framing) 
• Landscaping 
• Driveways and sidewalks 
• Garage or carport (may be available from some manufacturers) 
• A local contractor or builder to finish the interior of a panelized or pre-cut home 

http://www.nationwide-homes.com/ecocottages/main.cfm?pagename=ecoplandetail&planId=1238
http://www.bluhomes.com/breezehouse
http://www.moneycrashers.com/small-house-living/
http://www.moneycrashers.com/small-house-living/
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These expenses are variable based on location, size of home, and even municipal requirements 

or personal preference. For instance, if you’re building in the country, you may not need or want 

much in the way of outdoor landscaping. However, if you’re building in the city – or in a 

neighborhood with strict home owners’ association standards – you may be required to put in 

some kind of landscaping.  

Some builders may offer a more turnkey service, including site prep, soils testing, and 

foundation preparation. You’d hate to rule out a turnkey service just for being more expensive 

on the surface, when in reality the total cost differences might be negligible. 

 

Options and Upgrades 

In addition to the modular home finishes that come standard in a preselected home build, it’s 

important to understand that there may be a selection of upgrades to choose from for an 

additional price. There are companies who offer a single finish package, but you can upgrade 

items, such as opting for bamboo floors instead of cork floors. 

Other modular home manufacturers may have more options when it comes to customizing your 

final project. Once you’ve selected the floor plan you like, you can make alterations to the color 

finishes, the doors, baseboards, appliance packages, and more. 

While some manufacturers have many more options than the others, you still don’t have as 

many options with them as you would have if you were working with a designer or simply 

shopping online for the perfect finishing touches.  

http://www.piecehomes.com/site/HTML/aboutmaterials.html


Price 

One of the major selling points of buying a prefab home is that, generally speaking, they’re less 

expensive to build than a stick-built home. In United States, the average cost per square foot of 

a completed home to be built – not including the cost of land (including taxes or fees), the setup 

of utilities, or exterior touches (driveways, landscaping, and porches) – is estimated about $110. 

However, many modular home builders command a price much higher than that due to their 

designer finishes – closer to the $220 per square foot range. So to build a 250-square-foot 

home, you could expect to pay between $27,500 and $55,000, and if you want to build a 2,500-

square-foot home, you could expect to pay between $275,000 and $550,000, not including the 

cost of land, site costs, or taxes. 

There are a couple reasons why prefab homes tend to cost less than site-built homes: 

• Less Waste. When you have several groups of contractors delivering materials to a site and 
building a house on location, there’s a lot of waste created in the form of excess materials. 
When a home is built in panels or modules in a factory, the system can be improved and waste 
can be reduced. 

• Less Labor and Time. During a traditional build, multiple groups of subcontractors (such as 
plumbers, electricians, painters, and framers) all come out separately to do their designated 
work. This work is often delayed or hampered by the work of other subcontractors. When 
modules or panels are built in-factory, the labor can be more effectively managed so that the 
work is done quickly and efficiently. 

Also, buying a modular prefab home is essentially a “one-stop shop.” While not all finishes are 

low-cost, you may still get a deal because the modular home builder is buying product in bulk 

and passing the savings on to the buyer. You also save the stress and time it takes to 

painstakingly pick out your own appliances and fixtures. 

Overall, you can expect to save approximately 10% to 20% on the total cost of building a 

modular home as compared to building a stick-built home. These cost savings are expected to 

be less for a panelized home, as the construction takes longer and you still have to hire a 

contractor to complete the home once it’s built on-site. 

Quality 

Modular and panelized homes are often considered safer and better-built than traditional 

construction. But it’s not just the module-to-module framing that makes prefab homes high-

quality. Other reasons include: 

• Ongoing Inspections. Prefab homes are inspected and re-inspected at every step of the 

manufacturing process, ensuring that all materials are constructed and built to code. Most site-

built homes only go through a single inspection, which means some interior framing problems or 

shoddy workmanship could sneak by under the radar. 



• Built to Withstand Shipping. Because prefab homes have to be shipped to the building site, 

they must be able to withstand the shipping process. This means that additional structural 

support may be added that isn’t added during traditional onsite construction. 

• Built in a Safe Environment. Modular and panelized homes are built in a factory that’s safe 

from environmental stressors. Materials won’t be affected by extreme weather conditions which 

can damage a home’s integrity even before it’s built. 

Energy Efficiency 

Prefab homes may be more “green” than stick-built homes. There are several reasons for this: 

• Construction Is Less Wasteful. Because everything’s factory-built, there’s less waste 

in the form of construction materials. 

 

• Companies Are More Likely to Reuse Waste. The waste that is generated at the 

factories is often recycled and reused. For instance, many prefab log home 

manufacturers grind the unused logs and wood into wood chips or pulp to be sold or 

reused onsite. 

 

• Seams May Be Tighter. Factory-built homes made with factory-made parts may have 

tighter seams than traditional stick-built homes, which means less air escapes between 

rooms or the outside environment. Tight seams helps to contain the heat or air 

conditioning you use. Also, when room-to-room seams are tighter, you can easily 

separate your home into zones by opening or closing air vents, ultimately using less 

energy to heat and cool the areas you use the most. 

 

• Energy-Efficient Options Are Offered. Many modular homes that offer finishing 

packages include energy-efficient and sustainable materials, such as Energy Star 

appliances and cork or bamboo flooring. You may even be able to find modular home 

builders that offer upgrades to solar panels or energy-efficient tankless water heaters. 

Building a Prefab Home 

It’s one thing to understand the ins-and-outs of what a prefab home is, but it’s quite another to 

undertake the actual building and construction of your home. The good news is, the process 

isn’t all that different from that of a traditional-build home, but it goes a lot faster. 

Before You Start: Buying the Right Land 

Even though prefab construction is widely accepted as a quality form of home-building, buying 

the wrong piece of land can add thousands of dollars to your total cost, or even waylay your 

plans entirely. Consider the following before buying a home tract: 



1. City or Neighborhood Building Restrictions 

Always check the city’s and neighborhood’s building ordinances to make sure you’re allowed to 

build a prefab home – or more specifically, the type of prefab home you want to build. For 

instance, some neighborhoods require landowners to use specific builders or to build homes to 

a specific aesthetic. If your dream home is a geodesic dome, it may not fit into a neighborhood 

filled with ranch-style homes. 

2. Easy Access 

Remember that your modules, panels, or kit must be delivered to your home via oversized truck. 

If you’re constructing a modular home, a crane is used to place the home on top of the 

foundation. If the only way to access your home’s plot is by narrow, windy roads, or if your 

building site is tucked away behind a forest, you may be in for a rude awakening when it comes 

to site preparation costs. Some people even had to pay an additional $3,000 to have cedar 

trees cleared from their property in order for the construction vehicles to access their building 

site. If you can find a nice plot of land that’s easily accessible by road, you’ll be able to save 

money in the long run. 

3. Soil Sample 

Before you buy your land, check with the current landowner to see if you can pay for exploratory 

digging or a soil survey. The type of soil your home is built on can significantly affect the cost of 

laying a proper foundation. For instance, a home built on clay soil or atop significant rock can 

skyrocket your foundation expenses. The fine sediment of clay expands when it gets wet, then 

contracts when it dries out. This constant expansion-contraction can lead to irregularity in the 

“settling” of a home, opening it up to cracking and shifting of drywall, windows, and doors, and 

problems with utility connections. A home built on clay should have its soil pre-compacted 

before the foundation is laid, and in some cases, it may need support beams fitted under the 

home to prevent damage from shifting soil. On the other end of the spectrum, if your land 

consists of too much rock, it can be quite expensive to drill through to create a level foundation. 

As an example, a septic system could cost even up to $13,000 to install, taking three solid days 

for a drilling company to drill through the rock where the septic system is laid. There’s not a right 

or wrong type of soil to build on, but you do want to know what you’re working with before you 

buy your land so you can account for the costs of proper site preparation. 

4. Utilities 

Assuming you want to use utilities like water, gas, and electricity, it’s important to check with 

your city or county to see where the closest hookups are to your desired building site. You’ll 

likely have to pay for hookups to these services. Otherwise, if you live outside a municipal 

district, you may have to pay to install a well or septic system. It’s important to know what you’ll 

have to do (and how much you’ll need to pay) in order to make your home fully functional. 



Timeline 

Just because a prefab home can be built in a matter of days or weeks does not mean that the 

process is that short. We suggest that if you’re organized and ready to go, you can build a 

modular home in a matter of about four months, from planning to move-in. That said, most 

modular and panelized home manufacturers suggest allowing at least 8 to 12 weeks for home 

fabrication, so it’s reasonable to estimate it could take from four to six months to go through the 

entire process from start to finish. 

According to 2012 Survey of Construction from the Census Bureau, the average single family 

home takes seven months to build, from permit to completion, with homes built on an owner’s 

property averaging roughly eight months. This means that choosing a prefab home could save 

you between two and four months of time, depending on the specifics of your build. 

There are three general phases to prefab home construction: 

1. Planning 

The planning phase is actually the least predictable phase in terms of length. This is because 

depending on where you live, where you plan to build, and what the real estate market is like, it 

may take time to find the perfect home site, secure building permits, finalize home details, 

interview and select a general contractor, and close your home loan. Expect a minimum of one 

month to complete this phase. Also, remember that many prefab builders can take care of some 

of this work for you – particularly the process of securing building permits. As long as you’ve 

already selected your prefab home builder, some of these tasks can be undertaken 

simultaneously. 

2. Manufacture and Site Prep 

The manufacture and site prep is pretty predictable in terms of time, but may vary based on the 

manufacturer you choose and its specific manufacturing timeline. It is suggested that you allow 

six weeks for the build and prep, but many modular manufacturers, suggest a longer time-frame 

– often 8 to 12 weeks. Keep in mind that this middle phase is also affected by your general 

contractor’s schedule. If he or she can’t complete prep work on the site due to bad weather or 

scheduling problems with subcontractors, your schedule may be pushed back even if your 

prefab home is ready to go. 

3. Construction 

This is when the magic happens – your home arrives and is put in place. But just because you 

think you’re at the finish line doesn’t mean you’re quite there yet. A modular home can be 

delivered and put together in a matter of days, but it still takes time to “button up” the site post-

delivery. For instance, it needs to be weatherproofed to prevent water from seeping between the 

modules, utilities need to be connected (both inside the home and outside to the grid), the 

http://eyeonhousing.org/2013/10/how-long-does-it-take-to-build-a-house/


interior walls need to be fastened, and inspections need to be completed. If you’re constructing 

a panelized or pre-cut home, even more needs to be done for your home to be move-in ready. 

All the interior fixtures need to be installed and the finishing completed. You should expect a 

minimum of six weeks for this phase before you can move into your home. 

Advantages 

Building a home of any kind has pros and cons, but prefab home building is an excellent way to 

control costs while moving the process quickly along. Pros and cons vary based on your 

particular situation, budget, preferences, and timeline. But keep in mind that prefab homes are: 

1. Less expensive than traditional home builds. Costs of prefabs are typically cheaper than 

stick-built homes by an average of 10% to 20%. 

2. Faster than traditional construction. Generally, it takes one to four months longer to build a 

traditional home than to construct a prefab. 

3. Flexible size and aesthetic. There are many options when it comes to design, layout, and size, 

and finally, 

4. Modulars offer “One-Stop Shopping” options. Modular home packages are often “all 

inclusive.” 

5. Energy Efficient. The way prefab homes are built, the materials they use, and the airtight 

construction combine to create a highly energy-efficient space that can reduce ongoing utility 

bills. 

 

  

http://www.moneycrashers.com/how-to-make-your-apartment-more-energy-efficient/


Prefabricated (prefab or modular) homes used to be associated with ugly, cookie-cutter models 

that sacrificed style and individuality in favor of a McDonald's-like consistency. Times have 

changed. Nowadays, prefab homes have a stunning array of customization options, and are 

more likely to be associated with world-class contemporary design than big-box mediocrity. 

 

Africa Prefab Homes: Demand and Needs 

Food, shelter and clothing are the among basic survival needs of 

mankind. Africa continent is home to more than 1 billion people, in its 

cities less than 10 per cent of people live in decent housing. According 

to UN reports, estimates that 7000 new homes a day are needed in 

Africa to cope with its housing needs and prefabrication method is the 

way to resolve the shortage of housing in Africa.  

Our planet population continues to escalate and conventional building 

methods can no longer keep pace. In most African cities, affordable 

housing for the urban poor is non-existent - with about 15% of the 

world population living in slums and housing demands only 

increasing, prefab building technologies allow developers and 

governments to rapidly erect housing complexes. Prefab housing creates affordable housing 

solutions and a substantial number of jobs for the local population. 

When researching on the subject of Prefabricated Homes, you can see a long history in North 

America. Seems to have started in the 1600s from Britain, early version of prefab homes, did 

not take off until the arrival of “house kits ". 

 

Modular Prefab Homes / Prefab Public & Multipurpose Buildings / 

Africa Social Housing / Modular Cement Homes / Single Prefab 

Homes / Family Homes for Africa /Solar & Wind Power for Homes 

Prefabricated housing will help to release fiscal pressures on the African countries, as the cost 

of the home is much more reasonable compared to traditional brick and mortar houses. The 

prefab materials have high ratings against fire, wind and earthquakes, and is the best response 

to address the demand for housing projects in Africa. 

The wall and the ceiling will be constructed with panel systems which have become a popular 

choice for many construction projects. Architectural and structural components combine to 

create the entire building process smoothly. 

Prefab homes are produced with the intent to make the home affordable, quick to produce and 

easy to assemble. They were intentionally designed to be flexible and can be assembled or 

constructed directly on the building site, with virtually no waste on the location. And of course, 

having a flexible unit which allow people in disaster zones to quickly erect and rebuild housing. 

As well, eco-friendly energy options such as solar and wind, can provide African 

homeowners with lights and warm water during unpredictable electricity shortages.  



 

With a housing shortage in Africa and other developing regions, there has been a large demand 

for prefab homes as they are a perfect option to confront housing crisis and by providing an 

affordable, durable and quick solution. 

Modular Prefabricated Homes - Design and Functionality 

 

There is a misconception that modular homes look too much alike. But in fact, Modular homes 

have no design limitations. You can create any modular home ranging from a traditional center 

hall colonial, to one that is Mediterranean or African in style. You can add any style window or 

architectural detail that you desire, and an architect can help with that process. 

https://www.drmprefab.com/images/stories/africa/Construction_Site-large.jpg
https://www.drmprefab.com/images/stories/africa/Interior_Rooms.jpg


A great architect does much more 

than designing a good looking house. 

Certainly, curb appeal is a large part of 

the task, as this is what people see first, 

but an architect is responsible for the 

functional design of the home as well.  

Modular homes are versatile as rooms 

or floors can be added to the existing 

home easily. Of course, engineers will 

need to check the strength of the ground 

floor to ensure that it will support the 

weight of the additional floor above for 

previous structures. That being said, 

improvements can be done at a much lower cost and in a shorter time period compared to stick-

built additions.  

 

Smart - Energy Efficient Homes 

Solar power / wind power / solar water heater / thermal comfort 

windows / rain water harvesting / Earthquake Resilient 

We understand the needs of 

a homeowner living in Africa 

and will incorporate 

alternative energy sources in 

order to deal with the power 

shortages. Solar and wind 

energy ensure that 

homeowners always have 

lights and a warm shower. 

Other alternative energy 

packages will also be 

available.  

Green modular homes are 

inherently more sustainable 

than site-built housing. Very 

little material in the 

construction facility goes to 

waste. The modular home 

industry also tends to build 

smaller amounts and it is considered as a green and logistical advantage. Any green home 

buyer should appreciate that modular homes are a very environmentally sustainable option in 

Africa too.  

 



SOLAR WATER HEATER, low-pressure glass vacuum, is also known as thermosiphon solar 

water heater. Thermosiphon refers to a method of passive heat exchange based on natural 

convection, which circulates liquid without the necessity of a mechanical pump. That is a kind of 

solar collector and storage are connected together with the cylinder storage on the top and 

collector panel on the bottom. There is no need of pump to push the fluid around and no need of 

pipeline between the collector and storage. It is a simple and safe solution to get heat power 

from the sun. 

Average Price Range 

But how much do prefab homes cost? As you might expect, prices vary depending on the type 

of design and range of installed features. A cutting-edge design is going to cost considerably 

more than designs without as much flourish, and high-end, professional grade appliances will be 

more expensive than standard ones. Some prefab home manufacturers are clearly carving out 

the high-end niche for themselves, and might only be marginally less expensive than houses 

built directly on the home's foundation. Others seek to limit choices and design extravagances 

in favor of economy. 

We took a look at 20 US companies that sell contemporary prefab homes, and the prices broke 

down depending on whether the company is involved in the fabrication phase only, or if it's also 

involved in the delivery and/or construction phase, as well. 

• Fabrication only: around $140-210 per square foot on average 

• Fabrication, Delivery, and Assembly: around $240-350 per square foot on average 

 

A true apples-to-apples cost comparison is difficult, because there are numerous additional 

expenses, some of which are covered in some companies' estimates, and not in others'. These 

include design, engineering, architecture, and utility hookup costs. None of the companies cover 

the cost of permitting, inspections, or foundations (if needed). 

A table of cost and lead time information is below. Beneath that, we've put pictures and costs of 

these vendors' designs, prices they're advertising as of 2017. 

 

 

  
This 1,100 square foot B-House 
design by Anderson Anderson 

Architecture was constructed in 
Japan with a budget of $154,000. 
This works out to about $140/SF. 



January 2017, Report on Prefab/Modular Home Prices for 20 U.S. Companies 

Company Approx. cost per sq. ft. Design focus Lead time 

Alchemy 
Architects 
(weeHouses) 

$120-277 
 
 
 
 

Up to 4 "blocks" with 4 
different orientations - 
numerous 
color/material/appliance 
options. Custom designs 
also available. 

9 months for 
fabrication (standard); 
longer for custom 

Anderson 
Anderson 
Architecture 

$140+ plus installation Sustainable, modular 
design (including the 
1100-sqft, $150,000 B-
House, and the two-
story Menlo Park 
House) 

5+ months 

Asul $99-200 Customized 
components around 
steel-frame Adaptable 
System core. 

4-6 months for 
construction 

Blu Homes $365 
(Breeze/Sidebreeze) to 
$590 (Origin), not incl req 
site work (depends on 
location) 

Seven contemporary 
designs, from small, 
simple Origin ($591/sqft) 
to two-story family home 
Sidebreeze ($365/sqft) 

24+ weeks after 
permitting 

Davis Studio 
A+D 
(pieceHomes) 

$140-160 (module 
costs), $240-260 
(constructed cost) 

Wide range of standard 
designs, including the 
320-sqft "320" to the 4-
bed, 3-bath "2250" and 
premium designs. 
Additional units like 
guest houses and 
extensions also 
available. 

6-9 mo for 
engineering/permitting 
+ 3-6 mo for 
construction 

E-Space 
Systems 

approx. $200 Three-size range, from 
100-sqft Mini Ten Ten, 
to 400-sqft Mini Twenty 
Twenty 

as little as 6 days for 
construction (MINI) 

Garrison 
Architects 

$200-250 Green, net-zero energy 
buildings (including the 
Red Hook Green, and 
1500-sqft, $304,000 
NZ99 [Net Zero for the 
99%]) 

4-6 months to 
manufacture 

Hive Modular $140+ (base) + build 
costs 

Three lines (B, C and X) 
based on general 
geometries (X are 
custom designs), 
countless configurations 

approx 12 weeks 



Ideabox $117 (c.3/1740 sqft) - 
$152 (c.1/918 sqft) 

Four lines, including 
RV/park and ADU 
(accessory dwellings) 

12 weeks for site work 

Jenesys 
Buildings 

$35 (Sierra) - $53 (E-
Cube) (shell only) for 
homes; approx $160-220 
completed 

Four house styles, plus 
three laneway styles 
(Vancouver) 

n/a 

kitHAUS $235-302 Five lines, from 117-sqft 
k3 to 300-sqft k6 

6-8 weeks for 
manufacturing & 
delivery 

LivingHomes $139 (C6/CK) - $260 
(RK) (Modules only); 
$214-385 (Complete) 

Thirteen styles, 
configurable by buyer. 
Elaborate, contemporary 
designs by 2 architects. 
Most styles include 
decking. 

46 weeks (standard) - 
54 weeks (custom) 

MA Modular $150 base price Nine standard, plus 
semi-custom and 
custom designs (1-3 
bedroom). Touts 
relatively low price vs 
competition 

180 days or less 

Method 
Homes 

$136-194 base + soft & 
site costs 

Eight series, including 
the wood-heavy Cabin 
Series, to the triangle-
based HOMB Series. 
Several architectural 
firms & styles. 

typically 2-4 months 
after permits ready 

Minarc 
(mnmMOD) 

$218+ (not incl 
transportation) 

Kit-based mixed-media 
units, incorporating 
recyclable materials; 
net-zero energy 

4-6 months 

Proto Homes $210 Wide range of sizes 
(Tiny to X-Large); iPad 
integration for home 
control and monitoring; 
central "Core" 
construction 

3-5 months (location 
dependent) 

Rocio 
Romero (LV 
Series) 

$120-195 (DIYers $87, 
high-end $250) 

Seven modular kits with 
different dimensions and 
exterior treatments; 
contractor or DIY ready 

avg 3-6 months for 
delivery & 
construction 

Sander 
Architects 

$225+ 2000-sqft minimum, 
custom-designed homes 
using a steel backbone; 
ideal client has large 
space requirements and 
unique design vision 

15+ months for design 
& construction 



Tumbleweed 
Tiny House 
Company 

$283 (Roanoke) - $337 
(Elm) (base price) 

Four primary models, 
187-269+ sqft, with 
many configuration 
options; plans, 
workshops & how-to 
DVDs available for 
DIYers 

7-10 weeks from 
order to delivery (To-
Go option) 

Turkel Design 
(Lindal 
Cedar) 

$60-120 
(designs/plans/materials) 
x 3-4 (complete) 

Nine designs, 1700-
3000 sqft. Ecofriendly 
designs, including LEED 
certification, renewable 
energy features. 

8 months 
manufacturing, 
delivery & assembly 

 

 

This four-module Alchemy 
weeHouse has 3 bedrooms, 3 
baths, and 2,200 square feet. 
Its cost in 2007 was about 
$280,000, or about $127/SF. 

 

This B-Line Medium 
001 by Hive Modular, 
installed in 
Minneapolis, is a 3-
bed, 3-bath with 1,780 
SF. Build costs are on 
the order of $185/SF, 
so this model would 
cost about $329,000 
for the building and 
appliances. 



 

 

 

 

  

This Blu Homes 2-
bedroom, 1-bath design 
(Origin) has 1,944 
square feet of living 
space, and starts at 
about $125,000 
complete, or $95,000 
for the shell alone. 

This 2,100-square foot 
"mv3" by pieceHomes 
can be outfitted with 
2, 3, or 4 bedrooms, 
and 2.5 or 3.5 baths. 
At an estimated 
$185/SF, the mv3 runs 
at about $388,500. 

The E-Cube, one of four 
lines by Jenesys 
Buildings, comes in three 
different layouts. Shell 
packages range from 
$42-53/sqft plus tax. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

Co-marketed with 
Ikea, ideabox's 
aktiv features a 
745-sqft footprint 
and costs $86,500. 
Naturally outfitted 
with Ikea flooring, 
countertops, 
cabinets, bedroom 
and bath, and 
basic furnishings. 

This 4-bedroom, 3-
bath modular home 
by LivingHomes has 
2,480 SF. Similar 
homes from 
LivingHomes run 
$180-250/SF. 



 

 

 

 

  

This 289 SF unit by 
kitHAUS is actually the 
largest that the 
company offers, the K1. 
This high-ceiling prefab 
unit starts at $75,000, 
or almost $260 SF. 

This M2 by Method 
Homes has 1,240 SF 
of interior space, 
and 248 SF of deck 
space, and 
comprises 2 beds 
and 2 baths. Pricing 
starts at $230,000, 
or about $185/SF. 

This Luna model, 
like other MA 
Modular prefab 
models, starts at 
$140/SF. The Luna 
is 3-bedroom, 2-
bath, and 1,540 
SF; price starts at 
$216,500. 



  This 99 sq ft quaint 
Gifford home by 
Tumbleweed has a 
porch and optional 
loft. Larger models 
can be outfitted 
with bathrooms and 
kitchenettes. The 
Gifford costs 
$12,000 for the base 
kit, $2,000 more 
assembled, or $69 
for the plans only. 

This "Sunlight 
Residence," by 
Proto Homes, 
built in Los 
Angeles, has 
2,650 SF (incl. 
garage) of living 
space, 3 beds, and 
2.5 baths. Based 
on its November 
2011 sale, the 
home itself is 
valued at approx. 
$437,000. 

This LVL home 
by Rocio Romero 
was built in New 
York, with total 
costs at 
$363,000, 
including pre-
construction 
work, the LVL 
Kit, and 
construction. 
With 1,453 SF, 
that works out 
to $242/SF all-
included. 



5. Renewable, Environmental friendly, Clean Energies 

Geothermal / Wind / Solar / Marine   

History 

Prior to the development of coal in the mid-19th century, nearly all energy used was renewable. 

Almost without a doubt the oldest known use of renewable energy, in the form of traditional 

biomass to fuel fires, dates from 790,000 years ago. Use of biomass for fire did not become 

commonplace until many hundreds of thousands of years later, sometime between 200,000 and 

400,000 years ago. Probably the second oldest usage of renewable energy is harnessing the 

wind in order to drive ships over water. This practice can be traced back some 7000 years, to 

ships on the Nile. Moving into the time of recorded history, the primary sources of traditional 

renewable energy were human labor, animal power, water power, wind, in grain 

crushing windmills, and firewood, a traditional biomass. A graph of energy use in the United 

States up until 1900 shows oil and natural gas with about the same importance in 1900 as wind 

and solar played in 2010. 

In the 1860s and '70s there were already fears that civilization would run out of fossil fuels and 

the need was felt for a better source. In 1873 Professor Augustine Mouchot wrote: 

“The time will arrive when the industry of Europe will cease to find those natural resources, so necessary for 

it. Petroleum springs and coal mines are not inexhaustible but are rapidly diminishing in many places. Will 

man, then, return to the power of water and wind? Or will he emigrate where the most powerful source of 

heat sends its rays to all? History will show what will come.” 

In 1885, Werner von Siemens, commenting on the discovery of the photovoltaic effect in the 

solid state, wrote: 

“In conclusion, I would say that however great the scientific importance of this discovery may be, its practical 

value will be no less obvious when we reflect that the supply of solar energy is both without limit and without 

cost, and that it will continue to pour down upon us for countless ages after all the coal deposits of the earth 

have been exhausted and forgotten.”  

Development of solar engines continued until the outbreak of World War I. The importance of 

solar energy was recognized in a 1911 Scientific American article:  

"In the far distant future, natural fuels having been exhausted, “solar power” will remain as the only means of 

existence of the human race". 

The theory of peak oil was published in 1956. In the 1970s environmentalists promoted the 

development of renewable energy both as a replacement for the eventual depletion of oil, as 

well as for an escape from dependence on oil, and the first electricity generating wind 

turbines appeared. Solar had long been used for heating and cooling, but solar panels were too 

costly to build solar farms until 1980.  

The IEA 2014 World Energy Outlook projected a growth of renewable energy supply from 1,700 

gigawatts in 2014 to 4,550 gigawatts in 2040. Fossil fuels received about $550 billion in 

subsidies in 2013, compared to $120 billion for all renewable energies.  
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Overview 

Renewable energy flows, involve natural phenomena such as sunlight, wind, tides, plant growth, 

and geothermal heat.   

Renewable energy is derived from natural processes that are replenished constantly on 

a human timescale. In its various forms, it derives directly from the sun, or from heat generated 

deep within the earth. Included in the definition is electricity and heat generated from solar, 

wind, ocean, hydropower, biomass, geothermal resources, and biofuels and hydrogen derived 

from renewable resources. 

Renewable energy resources and significant opportunities for energy efficiency exist over wide 

geographical areas, in contrast to other energy sources, which are concentrated in a limited 

number of countries. Rapid deployment of renewable energy and energy efficiency, and 

technological diversification of energy sources, would result in significant energy security and 

economic benefits.  

Clean, Natural RealAir is definitely the most important element of survival on earth which is 

being deliberately polluted and poisoned every day by many different ways including fossil fuels. 

Renewable clean energies reduce all environmental pollutions such as air pollution caused by 

burning of fossil fuels and therefore improve public health, reduce premature mortalities due to 

pollution and save associated health costs that amount to thousands of billion dollars annually.  

Climate change and global warming concerns, coupled with high oil prices, peak oil, and 

increasing government support, are driving increasing renewable energy legislation, incentives 

and commercialization. According to a 2011 projection by the International Energy Agency, 

solar power generators may produce most of the world's electricity within 50 years, reducing the 

emissions of greenhouse gases that harm the environment.   

In 2011, small solar PV systems provided electricity to a few million households, and micro-

hydro configured into mini-grids served many more. Over 44 million households 

use biogas made in household-scale digesters for lighting and/or cooking, and more than 166 

million households rely on a new generation of more-efficient biomass cook stoves. 

Renewable energy has the ability to lift the poorest nations to new levels of prosperity. At the 

national level, at least 30 nations around the world already have renewable energy contributing 

more than 20% of energy supply. National renewable energy markets are projected to continue 

to grow strongly in the coming decade and beyond, and some 120 countries have various policy 

targets for longer-term shares of renewable energy, including a 20% target of all electricity 

generated for the European Union by 2020. Some countries have much higher long-term policy 

targets of up to 100% renewables. Outside Europe, a diverse group of 20 or more other 

countries target renewable energy shares in the 2020–2030 time frame that range from 10% to 

50%. 

Based on REN21's 2016 report, renewables contributed 19.2% to humans' global energy 

consumption and 23.7% to their generation of electricity in 2014 and 2015, respectively. This 

energy consumption is divided as 8.9% coming from traditional biomass, 4.2% as heat energy 

(modern biomass, geothermal and solar heat), 3.9% hydroelectricity and 2.2% is electricity from 

wind, solar, geothermal, and biomass. Worldwide investments in renewable technologies 

amounted to more than US$286 billion in 2015, with countries like China and the United 

States heavily investing in wind, hydro, solar and biofuels. Globally, there are an estimated 7.7 
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million jobs associated with the renewable energy industries, with solar photovoltaics being the 

largest renewable employer. As of 2015 worldwide, more than half of all new electricity capacity 

installed was renewable.   

Renewable energy resources exist over wide geographical areas, in contrast to other energy 

sources, which are concentrated in a limited number of countries. Rapid deployment of 

renewable energy and energy efficiency is resulting in significant energy security, climate 

change mitigation, and economic benefits. The results of a recent review of the literature, 

concluded that as greenhouse gas (GHG) emitters begin to be held liable for damages resulting 

from GHG emissions resulting in climate change, a high value for liability mitigation would 

provide powerful incentives for deployment of renewable energy technologies. In 

international public opinion surveys there is strong support for promoting renewable sources 

such as solar power and wind power. At the national level, at least 30 nations around the world 

already have renewable energy contributing more than 20 percent of energy supply. National 

renewable energy markets are projected to continue to grow strongly in the coming decade and 

beyond. Some places and at least two countries, Iceland and Norway generate all their 

electricity using renewable energy already, and many other countries have the set a goal to 

reach 100% renewable energy in the future. For example, in Denmark the government decided 

to switch the total energy supply (electricity, mobility and heating/cooling) to 100% renewable 

energy by 2050.   

While many renewable energy projects are large-scale, renewable technologies are also suited 

to rural and remote areas and developing countries, where energy is often crucial in human 

development. As most of renewables provide electricity, renewable energy deployment is often 

applied in conjunction with further electrification, which has several benefits: Electricity can be 

converted to heat (where necessary generating higher temperatures than fossil fuels), can be 

converted into mechanical energy with high efficiency and is clean at the point of 

consumption. In addition to that, electrification with renewable energy is much more efficient and 

therefore leads to a significant reduction in primary energy requirements, because most 

renewables don't have a steam cycle with high losses (fossil power plants usually have losses 

of 40 to 65%).  

Renewable energy systems are rapidly becoming more efficient and cheaper. Their share of 

total energy consumption is increasing. Growth in consumption of coal and oil could end by 

2020 due to increased uptake of renewables and natural gas.   

Renewable energy often provides energy in four important areas:  

- Electricity generation 

- Air and water heating/cooling 

- Transportation  

- Off-Grid energy services 
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Power generation 

 

By 2040, renewable energy is projected to equal coal and natural gas electricity generation. 

Several jurisdictions, including Denmark, Germany, the state of South Australia and some US 

states have achieved high integration of variable renewables. For example, in 2015 wind power 

met 42% of electricity demand in Denmark, 23.2% in Portugal and 15.5% in Uruguay. 

Interconnectors enable countries to balance electricity systems by allowing the import and 

export of renewable energy. Innovative hybrid systems have emerged between countries and 

regions. 

 

Energy storage 

  

Energy storage is a collection of methods used to store electrical energy on an electrical power 

grid, or off it. Electrical energy is stored during times when production (especially from 

intermittent power plants such as renewable electricity sources such as wind power, tidal 

power, solar power) exceeds consumption, and returned to the grid when production falls below 

consumption.  

 

Heating 

 

Solar water heating makes an important contribution to renewable heat in many countries, most 

notably in China, which now has 70% of the global total (180 GW). Most of these systems are 

installed on multi-family apartment buildings and meet a portion of the hot water needs of an 

estimated 50–60 million households in China. Worldwide, total installed solar water 

heating systems meet a portion of the water heating needs of over 70 million households. The 

use of biomass for heating continues to grow as well. In Sweden, national use of biomass 

energy has surpassed that of oil. Direct geothermal for heating is also growing rapidly. The 

newest addition to Heating is from Geothermal Heat Pumps which provide both heating and 

cooling, and also flatten the electric demand curve and are thus an increasing national priority.  

 

Transportation 

 

A solar vehicle is an electric vehicle powered completely or significantly by direct solar energy. 

Usually, photovoltaic (PV) cells contained in solar panels convert the sun's energy directly 

into electric energy. The term "solar vehicle" usually implies that solar energy is used to power 

all or part of a vehicle's propulsion. Solar power may be also used to provide power for 

communications or controls or other auxiliary functions. Solar vehicles are not sold as practical 

day-to-day transportation devices at present, but are primarily demonstration vehicles and 

engineering exercises, often sponsored by government agencies. However, indirectly solar-

charged vehicles are widespread and solar boats are available commercially. 
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Many East Africans lack access to electricity 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The International Energy Agency (IEA) estimated that 1.2 billion people worldwide did not have 
access to electricity in 2013. More than 620 million of those people live in sub-Saharan Africa. In 
terms of energy access, East Africa is the most affected region of the continent. These statistics 
convey the dire situation faced by many East Africans, especially those in rural areas. Even 
those fortunate enough to have access to electricity experience a service that flows sporadically 
and is costly. 

For comparison, the average energy price in the East African Community (EAC)—which is 
made up of the Republics of Burundi, Kenya, Rwanda, South Sudan and Uganda and the 
United Republic of Tanzania—is 14.8 US cents per kilowatt-hour. The average energy price in 
Canada, one of the lowest in the world, is 8.11 US cents per kilowatt-hour. However, Canada’s 
gross domestic product (GDP) per capita is US$43,248.50 compared to the EAC’s GDP per 
capita of US$770.18. The IEA predicts that, by 2040, renewables will potentially provide more 
than 40% of all power generation capacity in the region. To help alleviate energy challenges, the 
continent’s abundant renewable energy potential should be harnessed. 
  

  

Number and share of Africans without access to electricity by country in 2012 
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Alternative energy in East Africa 

East Africa needs more renewable energy solutions than ever. With electricity demand in Africa 
projected to triple by 2030, it’s essential to meet this demand by investing in renewable 
technologies and diversifying its energy sources. A prime location for solar energy to flourish, 
the communities of East Africa can achieve a higher quality of life when empowered with 
renewable energy. 

East African region is leading the continent’s charge to embrace renewable energy, including 
solar, geothermal and wind power. 

Kenya, Ethiopia and Rwanda are investing heavily in these forms of clean energy and moving 
away traditional hydropower sources as demand for power continues to surge and economies 
grow. 

Countries lying on the Great Rift Valley, known for its huge geothermal power potential, are 
investing heavily in resource prospecting, with Kenya leading in both exploration and 
development. East Africa is also geographically located in the tropics, which equates to big solar 
potential. 

“Countries in the east African region have realized the benefits of embracing renewable energy 
and many have drafted and put in place policy documents to guide exploitation of clean 
energy,” said Pavel Oimeke, director of renewable energy at Kenya’s Energy Regulatory 
Commission (ERC). “Many countries have also developed legislation that could see a major 
take-off of the sub-sector. And with funds being available, this region should see huge 
investments in exploitation of natural resources for power production.” 

East Africa is also investing heavily in microgrid technology in order to provide energy access to 
the more than 75 percent of the population that currently lives without electricity, according to 
international development agency Practical Action. A major part of this microgrid solution is in 
the use of solar energy including off-grid solar photovoltaics (PVC), according to Denise 
Umubyeyi, finance and business development manager at Practical Action East Africa. 

“Investment in micro and mini grids plus use of solar PVC could greatly increase both 
penetration and access to power for millions of people,” said Umubyeyi, “and this is where 
governments, private sector and development partners should direct their energies.” 

Renewable energy potential in Africa 
 
Africa is home to vast renewable resources, including geothermal, wind, hydro and solar 
energy. These energy resources have not been harnessed to their full potential, as modern 
renewables account for less than 2% of the sub-Saharan energy mix. 
However, there is an increase in the use of renewables in the region. For instance, Kenya is 
now the world’s ninth-largest producer of geothermal energy. The Lake Turkana Wind Power 
Project, also located in Kenya, is a 40,000-acre wind farm that aims to provide reliable and low-
cost wind power to Kenya’s national grid. 

The EAC currently uses hydropower as its predominant electricity source. However, over-
reliance on a single source of energy can lead to potential challenges. In Africa, there is a 
concern that hydropower systems could be compromised by reduced rainfall and increased 
evaporation. Further, the development of these systems has put indigenous communities who 
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rely on natural flood cycles to sustain their life at risk, as the flood water is being used to fill 
reservoirs to generate hydropower. Energy diversification can help reduce the stresses placed 
on the environment and communities in the area. 
 
Ethiopia leads in wind power with its 120-MW Ashegoda wind farm located in the north of the 
country, which was built in 2013. Ethiopia is already producing another 51 MW from wind 
generated from two different sites in the south of the capital Addis Ababa. 
 
Electricity demand in Africa is projected to triple by 2030. To meet this demand, it is essential to 
invest in other renewable technologies to help diversify energy sources. Investment activity is 
already evident in the EAC region, but will need to increase considerably in order to make a 
significant impact on the availability of electricity. 

Between 2010 and 2015, the EAC attracted approximately US$4 billion of investment in utility-
scale renewable energy. The region saw US$139.8 million raised by companies expanding their 
activities in off-grid renewable energy projects in 2015 alone. According to CB Insights, the 
renewables industry has been one of the top industries for early-stage investments in East 
Africa since 2012, behind mobile and Internet software and services. The industry has seen a 
mixture of investments from sources including angel investors, venture capitalists and incubator 
programs.  
 
Solar energy has seen the bulk of investment activity in renewables, as East Africa is in a prime 
location for solar energy to flourish. 

  

  

Investment in renewable energy in EAC partner states, 2010 to 2015 
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Energy in Kenya and the Potential for Renewables 

Kenya’s National Energy Policy is designed “to facilitate provision of clean, sustainable, 
affordable, reliable and secure energy services at least cost while protecting the environment.” 
The efforts come alongside a critical time for Kenya – economic growth and energy demand are 
higher than ever. The current supply, although increasing slowly, cannot keep up with demand. 
In response, the Kenyan government is using three policy tools to facilitate the adoption of 
renewable energy. The aim is to increase the country’s energy supply, close the demand gap, 
and ultimately enable economic growth for Kenya. At Invested Development, we’re interested in 
seeing what this means for the market, the customers, and the smaller players – the kind we 
like to invest in. 

 

Kenyans are renowned culturally for their willingness to embrace new technologies. In 
fact, Intel created the “Technology Metabolism Index” showing how technology diffuses through 
the total population of a given country once introduced.  Kenya received a +5, the highest 
possible rating for diffusion of new technologies. This is reflected in Kenya’s speedy adoption of 
mobile phones and small-scale (<20 Watt panels) solar home systems for off-grid rural 
solutions. Kenya has the largest private sector-dominated solar PV home systems market in a 
developing nation, with annual growth rates of 10- 20% in recent years, according to the World 
Trade Organization. Overall installed capacity of renewable sources has increased on average 
5% per year since 1980, on par with overall increases. 

Geothermal, bagasse, and small hydro demonstrate assured potential capacity levels, as shown 
in the chart below with numbers from SREP. Solar, which is variable, has some of the highest 
levels of solar irradiation in the world (approaching 6kWh/m2) due to Kenya’s proximity to 
Equator. Similarly, the elevated lands across the West and surrounding Nairobi, along with Lake 
Turkana and Lake Victoria, provide significant opportunity for wind energy, with average speeds 
reaching as high as 10m/s. 
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Understanding the benefits of renewable, Kenya has integrated pro-renewable energy tools into 
its National Policy Documents and its long-term strategic plan for development Kenya Vision 
2030.  For Kenya, relying on renewables is a way to ride the wave of innovation, increase eco-
tourism, supply energy to its people both on-and off-grid to stimulate economic development, 
and work toward achieving Millennium Development Goals. 

Energy Demand in Kenya 

Less than 20% of the total population and 5% of the rural population in Kenya has access to 
electricity (World Bank, 2009). As mobile technology becomes a part of Kenyan culture and 
Nairobi positions itself as the technology hub of East Africa, demand is growing fast for 
electricity from both on- and off-grid consumers. Evidence of this includes frequent rolling 
blackouts due to insufficient supply and the growing popularity of off-grid solutions such as 
small-scale (<20 Watt panels) solar home systems. 

Although overall electric production has increased at 5% per year since 1980, consumption of 
electricity per capita has only increased at 1.2% per year (World Bank, 1980-2009). This is a 
result of the growing population and the inefficiencies that exist on the grid: transmission losses, 
theft, undiversified sources, and prohibitively high costs for infrastructure development. The 
population is growing at 3% per year on average (with a growing youth demographic on mobile 
phones to boot). A significant increase in the country’s energy supply is necessary in order to 
keep up with demand and continue to increase per capita electricity consumption. 
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Energy Supply in Kenya 

Historically, Kenya has been dependent on hydroelectric sources of energy; at its peak, it 
supplied over 80% of the country’s electricity. Since the late 1990s, however, hydroelectric 
production has been unstable and even declined in recent years.  Although a renewable source, 
relying on hydroelectric is risky in areas prone to devastating droughts, Kenya and its neighbors 
included. East Africa is becoming increasingly vulnerable to climate change and the reliability of 
hydroelectric as a primary energy source is insecure. 

 

Kenya has two other options:  oil or renewables other than hydroelectric. Production from each 
source has increased over the last decade, however oil is a short-term solution while other 
renewables are more sustainable. Oil was a key substitute during the drought in 2000, even 
though it bears risks including price volatility and negative environmental impact. Despite the 
downsides, it’s likely that oil will continue to be an energy source in Kenya for the foreseeable 
future as oil was recently discovered in the country. 
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Nevertheless, the government realizes that oil dependence is unsustainable.  Therefore, its 
long-term development strategy focuses increasing dependence through feed-in tariffs for 
renewables such as solar, wind, and geothermal. Kenya has several national policy documents, 
long-term plans, and strategic initiatives designed to promote and invest in renewable energy for 
the country, including: 

• Kenya’s Scaling Up Renewable Energy Program (SREP) Investment Plan 
• Least Cost Power Development Plan (LCPDP) 
• Rural Electrification Master Plan 
• The Energy Act of 2006 
• The Feed-in Tariff (FiT) Policy 
• The Kenya National Climate Change Response Strategy 
• Kenya Vision 2030 

Mainstream technologies 
 

1-Wind power 

 
 

Airflows can be used to run wind turbines. Modern utility-scale wind turbines range from around 

600 kW to 5 MW of rated power, although turbines with rated output of 1.5–3 MW have become 

the most common for commercial use. The largest generator capacity of a single installed 

onshore wind turbine reached 7.5 MW in 2015. The power available from the wind is a function 

of the cube of the wind speed, so as wind speed increases, power output increases up to the 

maximum output for the particular turbine. Areas where winds are stronger and more constant, 

such as offshore and high altitude sites, are preferred locations for wind farms. Typically full 

load hours of wind turbines vary between 16 and 57 percent annually, but might be higher in 

particularly favorable offshore sites. 

Wind-generated electricity met nearly 4% of global electricity demand in 2015, with nearly 63 

GW of new wind power capacity installed. Wind energy was the leading source of new capacity 

in Europe, the US and Canada, and the second largest in China. In Denmark, wind energy met 

more than 40% of its electricity demand while Ireland, Portugal and Spain each met nearly 20%. 

Globally, the long-term technical potential of wind energy is believed to be five times total 

current global energy production, or 40 times current electricity demand, assuming all practical 

barriers needed were overcome. This would require wind turbines to be installed over large 

areas, particularly in areas of higher wind resources, such as offshore. As offshore wind speeds 

average ~90% greater than that of land, so offshore resources can contribute substantially more 

energy than land stationed turbines. In 2014 global wind generation was 706 terawatt-hours or 

3% of the world’s total electricity.   
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According to the World Bank, Kenya has nearly 1,000 MW of wind capacity potential, but 

currently only a meager 6 MW is installed on the outskirts of the capital, Nairobi. However, the 

country is developing what will become Africa’s largest wind farm, the 300-MW Lake Turkana 

Wind Power Project, which is expected to be completed in 2019. The $686 million project is 

financed through a consortium led by the African Development Bank (AfDB). 

As we are strongly intended to develop our projects in a fully environmental friendly framework, 

we do recognize that there are some major problems with traditional wind turbines from this 

aspect, which include: 

 

1-Threatening birds’ life 

2-Making huge sound pollution  

 

Therefore we searched for the latest technologies of wind turbines aiming at minimizing such 

problems and came across one of the best ones called INVELOX technology. It has also more 

benefits which is going to be elaborated below. 

 

INVELOX Technology [10] 

INVELOX is a wind delivery system suitable for wind power harnessing. One of its innovative 
features is its capability of incorporating multiple wind turbine generator systems in 
a Venturi section. It captures wind flow through an omnidirectional intake or multi-unidirectional 
intakes and thereby there is no need for a passive or active yaw control to orient the wind 
turbine. It accelerates the flow within the Venturi section which is subsequently expanded and 
released into the ambient environment through a diffuser. This allows for harnessing wind 
power at multi stages. When two or three turbines are in the Venturi section, the second and 
third turbine harness the wind power that otherwise cannot be harnessed by the first turbine 
due to its power 
conversion limitations. 
The objective of the 
present work is to 
report on measured 
performance of the 
system when single, 
double and triple 
turbines are placed in 
the Venturi section. 
The results show that 
it is possible to 
harness wind power 
using multi-stage 
turbine configurations 
and therefore increase 
the total harnessed 
power of the system. A large intake captures wind, funnels it down using tapered pipes leading to a 

concentrator that ends in Venturi section and finally wind exits from a diffuser. Turbine(s) are placed inside the 
Venturi section of the INVELOX. Inside the Venturi the dynamic pressure is very high while the static pressure is 
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low. The Turbine converts dynamic pressure or kinetic energy to mechanical rotation and thereby to electrical power 
using a generator. 

1. Wind is captured at the top of the funnel shaped system. The omnidirectional intake area 
allows wind collection from any direction. 

2. Wind is funneled through the system 

3. Wind is concentrated and further accelerated in the Venturi Effect section of the system. The 
Venturi effect is the phenomenon that occurs when a fluid that is flowing through a pipe is 
forced through a narrow section, resulting in a pressure decrease and a velocity increase. 

4. Wind is delivered to the turbine/generators to convert the accelerated wind to electrical 
power. 

5. Diffuser returns wind to nature. 

 

This technology is scalable, equally suitable for use in major wind farms or micro-generation 
settings. It will produce power effectively at much lower wind speeds than current systems do, 
which means it has a dramatically wider geographical range. 

HIGHLIGHTS 

• Performance of multi stage wind turbines installed in a new wind energy harnessing concept is 
described. 
• Two and three turbines have been considered. 
• We carried out field measurements in a prototype. 
• Higher power output has been measured in comparison to single wind turbine. 
• There is interference among the wind turbines affecting output. 

  



INVELOX Benefits 

OPERATION and PERFORMANCE 

• <2¢ per kWh at utility scale 

• Multiple turbines/single tower 

• Near zero downtime 

• Operates at low (2 mph) and high (over 50 mph) wind speeds 

• Cut-in speed of 1 meter per second or or about 2 mph 

• No cut-out speed 

• Cost effective, safe, and easy maintenance 

• OPEX $3 per MWh 

• 50% less operating and maintenance costs than traditional wind 

• Less than 5 year payback 

• No FAA or security radar interference 

• CAPEX of 75¢ per watt at utility scale 

• Can be retrofitted to towers, silos, or existing buildings 

• Building integration 

• No yaw or pitch system 

• Scalable from watt to megawatt 

• Weather resistant 

 
ENVIRONMENTAL 
 
• No harm to humans, animals, or our flying friends (as we could even install a net at the 

entrance for guaranteeing this purpose) 

• Will not disrupt bird migration 

• Minimal noise or vibration 

• Increased geographical locations 

• Building integration 

• Installation close to end user 

• Architectural integration into communities 

• Can be used for landmarks, art installations, and signage 

• No optical flickering 

• Unlimited applications and design 

• Intake & wind turbine/generator (WTG) were decoupled 

• An intake tower replaces wind turbine generator high on a pole and the wind turbine/generator 

are located at ground level 

• Intake can be increased at a different rate than the turbine diameter 

• Speed increase of 10X or more is possible, this means significant increase in output power for 

the same size rotor 

• Speed control is possible 

• High speed increase (i.e., 10X) results in ultra-low cut-in speed (i.e. 0.4 m/s = 0.90 mph if the 

traditional cut-in speed is 4 m/s) 

• No large rotating blades on the top of the tower eliminates all environmental impacts, such as 



wildlife, bird migration, people, radar, etc. 

• Multi-stage wind energy conversation systems become possible 

• Heavy equipment (more than 200 tons) removed from the top of a tower 

• Having WTG at the ground level reduces O&M cost by 50% 

• 10X speed increase will result in significantly increase in mass flow. 

• Increased in mass flow will result in increased in output power 

• Ultra low cut-in speed allows capacity factor of 70% up to 95% 

• Speed Control results in operation even during high wind speed periods, thereby increasing 

AEP 

• There are many options for material selection/construction 

• INVELOX can be combined with other sources of energy 

• Given the same capacity, INVELOX rotors can be 75 to 85% smaller than the traditional rotors 

•Increased performance while reducing CAPEX & OPEX 

• Offering near–zero downtime 

 
A size comparison and land use of INVELOX to traditional wind power systems of the same 
power is shown in the below table. 

Notes: 
 
(1) Depends on customer requirements and wind data 
 
(2) Requires no active or passive yaw control or pitch control 
 

System 
Type 

Blade 
Diameter(1) 
[m] 

Tower 
Height(1) 
[m] 

Intake 
Diameter(1) 
[m] 

Directional Land 
Use 
[Acres] 

Cut-in 
Speed 
[m/s] 

1.8 MW 
INVELOX 
System 

5 to 10 20 to 40 10 to 40 Passive 
Omnidirectional(2) 

Less 
than 10 

0.9 

1.8 MW 
Traditional 
Windmill 

70 to 85 80 to 95 70 to 85 
(Sweep 
Diameter) 

Requires Active 
Yaw Control 

60 to 
80 
 

 

 

How do you make more energy with INVELOX? 

INVELOX does not create or add energy to the natural wind; it is a passive mechanism that 
converts part of existing static pressure energy into dynamic pressure or kinetic energy. 
INVELOX captures, accelerates, and concentrates wind to turbo-charges wind and harvest 
more efficiently. For example: the power density of wind at 7 m/s mph is less than 200 
W/m2 while a power density of about 12,000 W/ m2 can be realized at 27 m/s. 

How does INVELOX “power curve” compare to common horizontal access turbines power 
curves? 



This technology has developed a “fuel injection” system for wind. The wind “fuel” is 
concentrated and accelerated, and then injected over multiple WTGs (wind turbine-generators) 
in a row or series. The key is INVELOX increases wind speed. So the power curves that exist 
for the “off-the-shelf generators” that we place in the INVELOX system hold true, however, with 
the INVELOX system we begin to produce power much earlier and can operate much longer 
with much smaller blades. 

Will there be any noise from the towers? 

Moving parts (turbines or generator) are enclosed at or below ground level; reducing excess 
noise generated by the traditional turbine-generator systems. Tower noise is not anticipated to 
be a problem. With the INVELOX system rotating blades are inside an enclosure at the ground 
level, the low frequency blade noise/vibration is eliminated by over 60% reduction in blade size. 

Will INVELOX system harm birds? 

The INVELOX system should not kill any birds or flying creatures since it has no moving 
components at the intake, on the top of the tower. If need be, a net can protect birds or flying 
friends from entering the turbine generator area.  

What about Betz limit? Does INVELOX wind power generation system breaks the Betz limit? 

Betz only worked on power coefficient, in other words, he worked on efficiency of blades and his 
theory was that the blades cannot capture more than 59% of the wind power. Betz limit has 
nothing to do with energy production. Energy production has to do with how low the cut in speed 
is and how fast the turbine reaches its power rating. Betz did not cover these subjects in his 
work. Betz work was on traditional turbines in open flow, free stream wind. He did not do 
formulations for ducted turbines. INVELOX is not claimed to break the Betz limit. However, 
based work done by others in open literature, there is a reasonable argument that the Betz law, 
developed in early 1900’s, is limited to open flow systems and does not apply to shrouded wind 
turbines. 

How do you explain 600% more energy? 

We found INVELOX system was able to produce 600% more energy with these benefits: 
• Low cut in speeds as low as 2mph (much lower than traditional turbines which are 8mph or 
more). 

• Comparing the output energy with the same turbine-generator-load system mounted on the top 
of tower at the same height as our intake. 

• Turbines in the INVELOX system reach high power output at much lower wind speeds. When 
comparing free stream wind speed at about 15 mph, the turbine on the top of a tower generated 
less than its maximum power. But the same turbine inside INVELOX will increase the wind 
speed from 15 mph to 30 mph at the Venturi, allowing the same turbine-generator to reach its 
maximum power. 



• The combination of the above factors results in an energy production improvement between 85 
to 620%, with an average of about 314% more energy. 

What about the fact that the industry successfully has grown using the larger blades on the top 
of tall towers?  

It is time to change and make industry changing improvements. Like any other dated technology 
that has been replaced with a more cost effective or efficient system, INVELOX is the next 
generation and is a more effective way of generating wind power. Cars replaced horses, and 
touch phones replaced rotary phones, and PCs replaced huge mainframe computers not 
because the old industry was wrong, in fact they were very good for their time, but their useful 
time came to an end and they were replaced. If one argues that the industry is always right, no 
new invention should take place and no evolutionary, revolutionary, or disruptive technological 
advances will ever be made. 

Current wind technology is the only industry that relies on concentration of equipment instead of 
concentration of the source of energy. Depending on the power rating of each generator, 200 to 
500 turbine-generators are used for a 500MW wind power plant. In contrast only 4 generators 
(each 880 MW) are used in a 3,500 MW coal power plant (7 times larger than wind power 
plant.) This is based on concentration of the source of energy (i.e. coal) and the wind power 
plant is based on concentration of equipment. INVELOX concentrates wind to deliver to 
turbines. 

Will the technology scale to utility-size turbines, say 2 – 15 MW? 

Yes, the technology is scalable from community size to utility size units—where the cost of 
generating power will be greatly reduced. INVELOX can be used for both on and off-shore 
power generation. 

How much room or acreage is required per kW? 

For utility scale units (over 1MW) about 1.5 to 2 acres are needed per 1 MW. For small wind 
(below 200 KW) approximately 0.5 acre per 100 KW in needed. 

What materials are used to construct the INVELOX systems? 

INVELOX systems can be made out of a variety of materials depending on the customer 
requirements and environmental conditions.  

How do you protect the intake structure and turbine from adverse weather conditions (rain, 
sleet, snow, ice, hurricanes, etc.)? 

The intake is of a material that can withstand all these effects and will vary based on climate. 
The structure is constructed from materials that are compatible with the location/conditions. 
There is a drain or door to let collected water or snow release. The turbine is within the duct and 



it is protected. In high winds or hurricane winds the turbine/generator can be moved or by-
passed. 

Is the geometry of the intake structure critical to performance? 

Of course the geometry and configuration of the INVELOX system is critical, this is the whole 
idea. 

What about flow-dynamics of the system, will air/wind move around it instead of going in?  

Like traditional common wind turbines the wind cannot avoid the tower. Some wind hits the 
tower and moves in and down the funnel. Unlike traditional turbines, the wind that is captured by 
INVELOX results in a much higher power coefficient. 

Can INVELOX be in regions where the available wind is insufficient for traditional turbines? 

Traditional windmills are not effective in slow wind speed areas (class 1 or 2). Traditional wind 
works best in class 3, 4, 5, or 6.  INVELOX is a wind delivery system that captures, 
concentrates and accelerates wind. Because INVELOX speeds up wind, it can work in all 
classes of winds and be effective. 

What about other ducted or shrouded turbines, how does INVELOX compare? 

Many other ducted concepts have been explored dating back to the 1930’s. Benefits discovered 
from past ducted turbine concepts: 

• Speed increase was proven 

• Power increase was demonstrated 

• At small scale, outperformed traditional windmills 

• Lower cut-in speed 

• Speed increase may result in 8X more power for the same rotor size 

Challenges discovered from past ducted turbine concepts: 

• Duct & WTG were installed at the same location, high on top of a tower 

• The mechanics of rotating a large duct in the air becomes too expensive to be cost effective 

• When scaling to utility scale, duct becomes too large to build, install, and operate 

• There was very little benefit in terms of environment and wildlife, and influence on people 

• O&M cost went up not down 

• Land use & cost was not reduced 

• CAPEX was increased for the gain in performance 

• The systems were limited to small wind applications 

• All in all, a solid business case could not be made 

 
INVELOX has resolved challenges of previously attempted ducted concepts. 
 



The general approach taken by INVELOX can be categorized under shrouded or ducted wind 
turbines that have origins as far back as the 7th to 9th century. The first official patent was 
granted in Finland in the 1930s. Various forms of the technology have surfaced around the 
globe in every decade without a notable impact on the market and scalability. For additional 
information, please see the history of ducted wind turbines. 

In general, the following has been agreed on by researchers and engineers in the field:  

1) Ducted turbines do perform much better than traditional windmills (referred to as open flow 
systems). 

 2) The primary reason that ducted turbines perform better is the increase in wind speed or 
increased in dynamic pressure. Since the duct or shroud is a passive structure, the increased in 
speed comes from conversion of static air pressure to dynamic pressure, the latter increases 
harvestable energy available to the turbine. 

 3) Scaling the technology to power capacities larger than 100kW has been proven not 
economically feasible due to minor performance increases.  

4) The key challenge is increasing turbine size in order to maintain a significant increase in 
performance; the speed increase should be more than two times. However, for speed ratio of 2 
or larger, the size of the duct or shroud becomes economically unaffordable. Such a large 
system with large turbine and shroud does not offer any cost reduction to offset the cost of 
additional structure (i.e. shroud) on the top of the tower. The O&M cost increases because there 
are more parts to maintain while the added structure (shroud) becomes problematic on the top 
of very tall towers. 

As it is shown in the history of ducted wind of turbines, INVELOX solves the challenges of the 
traditional ducted turbines. In brief:  

1) The intake and turbine are placed at two different locations allowing INVELOX systems to be 
designed for speed ratios as high as 12 by optimizing the intake and diffuser sizes without 
increasing the turbine size inside the Venturi section of INVELOX. Alternatively, optimizing the 
turbine size without increasing the intake or diffuser sizes.  

2) The turbine-generator system is located on the ground level causing a significant reduction in 
O&M costs (estimated at 50% reduction when compared to tower-mounted turbines). 

3) The INVELOX system does not need yaw system, a gear box, or pitch control. Removal of 
these components allows for additional savings.  

4) The turbine size is significantly reduced depending on the wind speed magnification (from 1.5 
to 12 times). Since the harvestable power in wind is governed by the universal equation for 
power (Power = (Cp)(0.5)(air density)(3.14)(R2)(V3)), the reduction in turbine size can be 
determined when speed magnification is known. For example, if free stream (or undisturbed) 
wind speed is 12 m/s, the radius of the turbine is 42 m (rotor diameter of about 84 m), the air 



density is assumed to be 1.23 kg/m3, and Cp (Power Coefficient) = 31%. The power available to 
an open flow turbine (traditional windmill) is estimated to be 1.8MW. If INVELOX offers a speed 
magnification of about four; this means the turbine catches wind speeds of about 48 m/s. Using 
the same values for air density, free stream wind speed, and a power coefficient of Cp = 31%, 
the turbine diameter (or blade radius) can be calculated to generate the same power. The 
estimated size of the rotor diameter for generating 1.8MW is about 10.5 m (or radius of about 
5.25 m). In other words, the rotor diameter is reduced by about 88%. The rotor is one of the 
major cost elements in terms of material, design, manufacturing, transportation, installation, and 
repair expenses). Reducing the size of the rotor results in overall cost reductions. 

INVELOX Performance 

Feature 
INVELOX system compared with 
conventional system (based on 100 MW 
wind power plant dosing) 

Improved Performance [%] or Ratio 

Larger power output per tower 280% More 

Smaller turbine diameter 84% Smaller 

Smaller footprint per 100 MW wind farm 90% Smaller 

Fewer towers for 100 MW power plant 67% Fewer 

Shorter tower height 50% Shorter 

Ratio of annual energy output (MWH) per 
tower 

3 to 1 

Lower cut-in wind speed 80% Lower (to 2 mph) 

Savings [%] or Ratio 

Savings in WTG cost 10% 

Savings in plant construction cost 15% 

Savings in annual production cost 14% 

Savings in annual maintenance cost 50% 

Environmentally Friendly 

Invelox places the turbine blades at or below ground level 

Wildlife It is wildlife friendly 

Public Health (nearby residence and 
farmers) 

None 

Bird migration Could be minimized to nonissue 

FAA or security radar interference None 

Turbine-generator fire on tower top None 

Catastrophic failure due to large turbine-
generator load 

None 

Aesthetic and public appeal Enhanced 

 

  



2-Solar energy 

 

 
 

Solar energy, radiant light and heat from the sun, is harnessed using a range of ever-evolving 

technologies such as:  

• Solar heating 

• Photovoltaics 

• Concentrated solar power (CSP) 

• Concentrator photovoltaics (CPV) 

• High-concentration photovoltaics (HCPV) 

• Solar architecture  

• Artificial photosynthesis 

• Hybrid Parabolic Solar Concentrator – SOLARBEAM 9M [11] 

 

Solar technologies are broadly characterized as either passive solar or active solar depending 

on the way they capture, convert and distribute solar energy. Passive solar techniques include 

orienting a building to the Sun, selecting materials with favorable thermal mass or light 

dispersing properties, and designing spaces that naturally circulate air. Active solar technologies 

encompass solar thermal energy, using solar collectors for heating, and solar power, 

converting sunlight into electricity either directly using photovoltaics (PV), or indirectly 

using concentrated solar power (CSP). 

A photovoltaic system converts light into electrical direct current (DC) by taking advantage of 

the photoelectric effect. Solar PV has turned into a multi-billion, fast-growing industry, continues 

to improve its cost-effectiveness, and has the most potential of any renewable technologies 

together with CSP. Concentrated solar power (CSP) systems use lenses or mirrors and tracking 

systems to focus a large area of sunlight into a small beam. Commercial concentrated solar 

power plants were first developed in the 1980s.  

In 2011, the International Energy Agency said that "the development of affordable, inexhaustible 

and clean solar energy technologies will have huge longer-term benefits. It will increase 

countries' energy security through reliance on an indigenous, inexhaustible and mostly import-

independent resource, enhance sustainability, reduce pollution, lower the costs of 

                                                           
11 http://www.solartronenergy.com/ 
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mitigating climate change, and keep fossil fuel prices lower than otherwise. These advantages 

are global. Hence the additional costs of the incentives for early deployment should be 

considered learning investments; they must be wisely spent and need to be widely shared". In 

2014 global solar generation was 186 terawatt-hours, slightly less than 1% of the world’s total 

grid electricity. Italy has the largest proportion of solar electricity in the world, in 2015 solar 

supplied 7.8% of electricity demand in Italy.  

 

Solar thermal 

 

 

 

 

 

 

 

 

 

 

 

 

The United States conducted much early research in photovoltaics and concentrated solar 

power. The U.S. is among the top countries in the world in electricity generated by the Sun and 

several of the world's largest utility-scale installations are located in the desert Southwest. 

The oldest solar thermal power plant in the world is the 354 megawatt (MW) SEGS thermal 

power plant, in California. The Ivanpah Solar Electric Generating System is a solar thermal 

power project in the California Mojave Desert, 40 miles (64 km) southwest of Las Vegas, with a 

gross capacity of 377 MW. The 280 MW Solana Generating Station is a solar power plant 

near Gila Bend, Arizona, about 70 miles (110 km) southwest of Phoenix, completed in 2013. 

When commissioned it was the largest parabolic trough plant in the world and the first U.S. solar 

plant with molten salt thermal energy storage.  

The solar thermal power industry is growing rapidly with 1.3 GW under construction in 2012 and 

more planned. Spain is the epicenter of solar thermal power development with 873 MW under 

construction, and a further 271 MW under development. In the United States, 5,600 MW of solar 

thermal power projects have been announced. Several power plants have been constructed in 

the Mojave Desert, Southwestern United States. The Ivanpah Solar Power Facility being the 

most recent. In developing countries, three World Bank projects for integrated solar 

thermal/combined-cycle gas-turbine power plants in Egypt, Mexico, and Morocco have been 

approved.  

 

Photovoltaic development 

 

Photovoltaics (PV) uses solar cells assembled into solar panels to convert sunlight into 

electricity. It's a fast-growing technology doubling its worldwide installed capacity every couple 

of years. PV systems range from small, residential and commercial rooftop or building 

integrated installations, to large utility-scale photovoltaic power station. The predominant PV 

The 377 MW Ivanpah Solar Electric Generating System with 
all three towers under load, Feb 2014. Taken from I-15. 

Solar Towers of the PS10 and PS20 solar 
thermal plants in Spain 
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technology is crystalline silicon, while thin-film solar cell technology accounts for about 10 

percent of global photovoltaic deployment. In recent years, PV technology has improved its 

electricity generating efficiency, reduced the installation cost per watt as well as its energy 

payback time, and has reached grid parity in at least 30 different markets by 2014. Financial 

institutions are predicting a second solar "gold rush" in the near future.  

At the end of 2014, worldwide PV capacity reached at least 177,000 megawatts. Photovoltaics 

grew fastest in China, followed by Japan and the United States, while Germany remains the 

world's largest overall producer of photovoltaic power, contributing about 7.0 percent to the 

overall electricity generation. Italy meets 7.9 percent of its electricity demands with photovoltaic 

power—the highest share worldwide. For 2015, global cumulative capacity is forecasted to 

increase by more than 50 gigawatts (GW). By 2018, worldwide capacity is projected to reach as 

much as 430 gigawatts. This corresponds to a tripling within five years. Solar power is 

forecasted to become the world's largest source of electricity by 2050, with solar photovoltaics 

and concentrated solar power contributing 16% and 11%, respectively. This requires an 

increase of installed PV capacity to 4,600 GW, of which more than half is expected to be 

deployed in China and India.  

 

Solar-assisted heat pump 

 

A heat pump is a device that provides heat energy from a source of heat to a destination called 

a "heat sink". Heat pumps are designed to move thermal energy opposite to the direction of 

spontaneous heat flow by absorbing heat from a cold space and releasing it to a warmer one. A 

solar-assisted heat pump represents the integration of a heat pump and thermal solar panels in 

a single integrated system. Typically these two technologies are used separately (or only 

placing them in parallel) to produce hot water. In this system the solar thermal panel performs 

the function of the low temperature heat source and the heat produced is used to feed the heat 

pump's evaporator. The goal of this system is to get high COP and then produce energy in a 

more efficient and less expensive way. 

It is possible to use any type of solar thermal panel (sheet and tubes, roll-bond, heat pipe, 

thermal plates) or hybrid (mono/polycrystalline, thin film) in combination with the heat pump. The 

use of a hybrid panel is preferable because it allows to cover a part of the electricity demand of 

the heat pump and reduce the power consumption and consequently the variable costs of the 

system. 

 

Hybrid Parabolic Solar Concentrator – SOLARBEAM 9M Technology 
 

Concentrating photovoltaic (CPV) technology uses optics such as lenses or curved mirrors to 

concentrate a large amount of sunlight onto a small area of solar photovoltaic (PV) cells to 

generate electricity. CPV multi-junction solar cell efficiencies of 46% are being reached 

compared to conventional solar power tower steam engine efficiency of 14% and average PV 

panel efficiency of 15%. SOLARBEAM 9M technology, is so far our most favorable type of solar 

energy application in our different NUProjects. 
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Chart showing multi-junction solar cell technology (purple) leading in efficiency compared to conventional 

PV Crystalline solar cells 

 



HISTORY OF CONCENTRATED SOLAR POWER (CSP) 

The concept of harnessing the sun’s energy dates back as far as 1774 when Antoine Lavoisier 

created a large device that had a glass lens that focused the sunlight onto a focal point over 

material for combustion. Later in 1878 a parabolic collector was showcased and reflected the 

sun’s energy onto a steam boiler, which operated a small engine that ran a printing press. 

Recently, the development of sophisticated CSP & HCPV technology increased but had yet to 

meet the affordability of conventional PV panels or provide confidence in the reliability.  

 

TECHNOLOGY 
SolarBeam 9M Concentrator technology achieves peak 45 kW (153,500 BTU/hour) of thermal 

heat per hour by tracking the sun with flawless precision and collects the sun’s radiation from a 

63 m2 (678 sq.ft) surface area and beams the energy onto a 25x25cm (10x10”) receiver. 

Instead of using traditional sun light sensors or inclinometers to determine the sun’s position, 

the SolarBeam uses a sophisticated celestial tracking system. The result is that the dish does 

not hunt for the sun, rather it is a consistent sun-lock system throughout the year performing a 

seamless movement. 

 
APPLICATIONS 
SolarBeam 9M Hybrid Concentrator is a low maintenance system capable of providing hybrid 

technology for: 

 

• HCPV: High Concentration Photovoltaic Power 

• Stirling Engine Electricity Generation 

• Solar Water Desalination 

• Process Heating 

• Solar Air Conditioning 

 

DESIGN 

 

 

 



Meticulous attention to detail starts from the mechanical design stage. Stress point simulation is 

performed to ensure maximum strength and durability in different weather conditions. The 

patented manufacturing dish stamping process provides a reliable and cost effective parabolic 

dish system. The reflective petal is made of a special reflective material specifically engineered 

for maximum solar reflectance and superior corrosion resistance to wind storms and hail. Our 

engineers designed the drivetrain with dual slew drive motors for virtually maintenance free 

operation and outstanding performance. The system was designed to allow easy attachment of 

accessories such as cooling system, control module, and inverter directly on the post. 

 

TECHNOLOGICAL BREAKTHROUGH 

The Engineered Optical Light Lens (OLL) has been designed to achieve a uniform square light 

distribution on a single 200mm x 200mm 

HCPV dense array module (20 KW). OLL 

technology compensates for imperfections of 

manufacturing the reflective dish and 

assembly and creates a uniform light pattern 

on the HCPV module. 

 

Standard HCPV Fresnel systems use multiple 

Fresnel lenses and optical devices for each 

HCPV cell which adds to cost, complexity, and 

reliability issues. OLL technology solves the 

problem by using only one device per dish. 

 

INSTALLATION 

The whole SolarBeam 9M assembly is designed to be assembled in a fast and easy manner. 

One system can be assembled in one day. 

The dish is pre-assembled on the ground and the 3 major components are put in place in 3 easy 

steps: 

 

Step 1: Pole 

Step 2: Drivetrain 

Step 3: Dish 

 

The SolarBeam 9M can be installed on sloped terrain and is designed for scalability. 

 

SAFETY 
To ensure a reliable system, the SolarBeam 9M has been engineered with various safety 

features. Below are a few of the many features provided in the system: 

 

Wind Conditions; 

The SolarBeam 9M tracks the sun in winds up to 55 km/hour (34 mph). For winds that have a 

consistency above 65 km/hour (40 mph) the SolarBeam 9M tilts to its “safety stow” 

position. 



 

Power Outage;  

In an event of a power outage, a UPS (Uninterruptable Power Supply) moves the dish to the 

“safety stow” position. When the power resumes, a 1 hour lock-out ensures that the UPS is 

charged before it resumes auto tracking. 

 

Pressure Loss;  

If the pressure in the primary loop drops below 7 PSI, the SolarBeam 9M automatically moves 

the dish to the “safety stow” position. 

 

ELECTRICITY GENERATION 

HCPV multi junction cell technology is at 44% efficiency and innovations in HCPV technologies 

are pushing the efficiency to 50%. The SolarBeam 9M has maximized these advancements 

effortlessly. The cost can per watt can be as low as $1 per watt installed. The SolarBeam 9M 

with integrated HCPV dense array module is 4 times more affordable than existing Tower, 

HCPV Fresnel, or trough technology (4 year payback vs 20 years for a 25 Megawatt power 

plant). The LCOE is at 4.4 cents per kWh. 

 
 



With the combination of high efficiency CPV dense array modules and affordable solar 

concentration dish technology, SolarBeam 9M technology provides solar power plants with an 

LCOE of 4.4 cents or $1/watt installed system @ 5 MW solar power plant block.  

 

How the 9M Solar Concentrator (Solar Dish) Compares with HCPV Solar Fresnel 

Lens Technology 

HCPV solar Fresnel lens system focuses the sun’s energy onto a HCPV module solar cell using 

a Fresnel lens plate and additional optics to concentrate the light on a single HCPV multi-

junction solar cell. The major setback for this technology is the manufacturing cost, 

maintenance, and reliability since many components are required to generate power – thus 

affecting the LCOE. 

A typical 20KW HCPV Fresnel lens system requires approximately 71 m2 (8 meters X 8 

meters) of CPV module area.  

 

Optical Light Lens (OLL) 
 
Unlike the conventional HCPV solar Fresnel lens systems, Solartron’s Optical Light Lens (OLL) 

technology creates Square Light Pattern on the HCPV Solar Dense Array multi-junction solar 

cell assembly. The Solar Concentrator with HCPV dense array module drastically reduces cost 

by using only one OLL to correct any imperfection of reflected light and concentrates the light 



on the HCPV dense array multi-junction solar cell assembly. A 20 KW HCPV multi-junction 

dense array module requires only 0.04 m2 (20 cm X 20 cm) of CPV module area. 

 

ROI for 10 MW Solar Electricity & Solar Thermal  

Utilizing the latest technology enhancements in optics, 

manufacturing and assembly, the solar concentrator solar 

dish has the lowest cost for a mechanical tracking and optics 

system. The hybrid solar concentrator not only competes with 

the low cost per watt of conventional PV panels but also 

provides thermal heat that can be used for solar water 

desalination or process heating.  

 

• Solar Concentrator Electricity Production: 20kW  

• Yearly kWh: 53,500 

• Payback: 2.4 years 

 
Features at a Glance for Solar Concentrator CPV multi-junction System: 

• LCOE @ 4.4 cents / $1 per watt installed CPV system 

• Can be deployed on uneven terrain 

• Equipped with advanced cooling system for CPV solar cells 

• Highly reliable and simple to operate 

• 1000 X optical concentration 

• No mirror alignment 
 

A brighter future through solar power for Africa 
 
Africa’s economy is on an upward trajectory, growing at the second-fastest rate in the world. 
The continent’s economic growth has remained stable amid a weak global economy. In 2015, 
Africa’s real GDP averaged a 3.6% increase, topping the world average of 3.1%. This economic 
stability is predicted to continue, making the continent a favorable environment for investment in 
long-term renewable projects. 
While there is growing activity in solar investment, some investors may be wary of the foreign 
exchange risk and rising interest rates in the region. According to the Kenyan Ministry of Energy 
and Petroleum, the nation’s uncoordinated approach to policy implementation, its poor 
promotion of solar energy projects and its weak enforcement of standards and regulations are 
barriers to the adoption of solar energy. Additionally, solar projects tend to have a high upfront 
cost and there have been issues with theft of panels. Entrepreneurs can view these challenges 
as an opportunity to provide innovative solutions. 
Despite the barriers associated with investing in and initiating solar energy projects, there is 
great potential already being explored. Modern renewables can empower local communities to 
achieve a higher quality of life. Harnessing solar energy on a smaller scale can contribute to 
rural development and electrification without requiring governments to overextend the national 
grid to remote locations.  

The tiny country of Rwanda is leading in solar energy, with an 8.5-MW solar farm that was 
commissioned in 2014. The $24 million farm in Agahozo has 2,800 solar panels. Though this 
may seem small compared to American or European standards, it accounts for 7 percent of the 
country’s installed power capacity. 

http://www.oecd-ilibrary.org/development/african-economic-outlook-2016/summary/english_142c87c6-en;jsessionid=2109q9vjgk2u0.x-oecd-live-03
http://www.erc.go.ke/images/docs/National_Energy_Petroleum_Policy_August_2015.pdf
http://www.erc.go.ke/images/docs/National_Energy_Petroleum_Policy_August_2015.pdf


In Kenya, private investor Greenmillenia Energy Limited is developing a 40-MW solar plant in 
the north of the country that is expected to start feeding electricity to the national by grid mid-
2015. Greenmillenia has applied for a generation license from the Kenya’s energy regulator 
ERC.  

Solar cells powering rural East African communities 
 
East Africa lacks the sufficient infrastructure for transmitting electricity from generating stations 
to the rural communities where 74.4% of East Africans live, leaving four out of five East Africans 
without electricity. The infrastructure currently in place is also quite inefficient, with power 
transmission and distribution losses in sub-Saharan Africa averaging 18%. 

Distributed generation can offer a leapfrog over the need to build out costly transmission 
networks and infrastructure. Distributed solar and solar micro grids are a great fit due to East 
Africa’s high solar insolation rates. Kenya Power is already rolling out this technology across the 
region, using solar micro grids to bring energy to remote Kenyan communities through the Last 
Mile Connectivity project. Startups are also exploring the opportunity to bring solar generation 
directly to the homes of rural East Africans who are not connected to the grid. 
 

Early-stage East African companies strive to provide affordable solar power 

Off Grid Electric and M-KOPA Solar are two East Africa–based companies striving to bring 
clean and affordable energy to the region. In 2015 they were the top off-grid solar companies to 
raise capital in the EAC.  

Off Grid Electric provides clean, transformative energy to households that suffer from 
expensive, unreliable grids or that have no grid access at all. Graham Smith, the senior director 
of Off Grid Electric, says: “Typically our customers are people who live well beyond the grid; 
their day doesn’t need to end when the sun sets.” 

Capital raised by off-grid solar companies, world and EAC totals and by company, 2015. Taken 
from EAC Renewable Energy and Energy Efficiency Regional Status Report. 
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East Africa is well suited geographically for solar electricity generation, receiving some of the 
highest levels of horizontal irradiation in the world. Some areas of East Africa have irradiation 
concentrations reaching over 2,400 kilowatt-hours per square meter and are among the highest 
levels in the world.  

East Africa’s population is rapidly increasing. The average annual population growth rate was 
2.7% over the five-year period from 2010 to 2014 for the EAC. The region has a young 
population with a growing middle class, and the use of mobile infrastructure is on the rise. 
These population trends mean that energy demand will also increase, and meeting this demand 
with renewables is essential to a sustainable energy outlook for the region. 
 

3-Geothermal energy 

 

High Temperature Geothermal energy is from thermal energy generated and stored in the 

Earth. Thermal energy is the energy that determines the temperature of matter. Earth's 

geothermal energy originates from the original formation of the planet and from radioactive 

decay of minerals (in currently uncertain but possibly roughly equal proportions). 

The geothermal gradient, which is the difference in temperature between the core of the planet 

and its surface, drives a continuous conduction of thermal energy in the form of heat from the 

core to the surface. The adjective geothermal originates from the Greek roots geo, meaning 

earth, and thermos, meaning heat. 

The heat that is used for geothermal energy can be from deep within the Earth, all the way 

down to Earth's core – 4,000 miles (6,400 km) down. At the core, temperatures may reach over 

9,000 °F (5,000 °C). Heat conducts from the core to surrounding rock. Extremely high 

temperature and pressure cause some rock to melt, which is commonly known as magma. 

Magma convects upward since it is lighter than the solid rock. This magma then heats rock and 

water in the crust, sometimes up to 700 °F (371 °C).  

From hot springs, geothermal energy has been used for bathing since Paleolithic times and for 

space heating since ancient Roman times, but it is now better known for electricity generation.  

Horizontal irradiation shown globally and for Africa 
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Low Temperature Geothermal refers to the use of the outer crust of the earth as a Thermal 

Battery to facilitate Renewable thermal energy for heating and cooling buildings, and other 

refrigeration and industrial uses. In this form of Geothermal, a Geothermal Heat 

Pump and Ground-coupled heat exchanger are used together to move heat energy into the 

earth (for cooling) and out of the earth (for heating) on a varying seasonal basis. Low 

temperature Geothermal (generally referred to as "GHP") is an increasingly important 

renewable technology because it both reduces total annual energy loads associated with 

heating and cooling, and it also flattens the electric demand curve eliminating the extreme 

summer and winter peak electric supply requirements. Thus Low Temperature Geothermal/GHP 

is becoming an increasing national priority with multiple tax credit support and focus as part of 

the ongoing movement toward Net Zero Energy. New York City has even just passed a law to 

require GHP anytime is shown to be economical with 20 year financing including the Socialized 

Cost of Carbon.  

Kenya leads the geothermal power sector in Africa with 350 MW of capacity, and according to 

the ERC, Kenya has more than 10,000 MW of geothermal resource potential. Extensive 

resource survey work is currently taking place to the west of Nairobi.  

 

Enhanced geothermal system 

 

Enhanced geothermal systems (EGS) are a new type of geothermal 

power technologies that do not require natural convective hydrothermal 

resources. The vast majority of geothermal energy within drilling reach 

is in dry and non-porous rock. EGS technologies "enhance" and/or 

create geothermal resources in this "hot dry rock (HDR)" 

through hydraulic stimulation. EGS and HDR technologies, like 

hydrothermal geothermal, are expected to be baseload resources 

which produce power 24 hours a day like a fossil plant. Distinct from 
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hydrothermal, HDR and EGS may be feasible anywhere in the world, depending on the 

economic limits of drill depth. Good locations are over deep granite covered by a thick (3–5 km) 

layer of insulating sediments which slow heat loss. There are HDR and EGS systems currently 

being developed and tested in France, Australia, Japan, Germany, U.S. and Switzerland. The 

largest EGS project in the world is a 25 megawatt demonstration plant developed in the Cooper 

Basin, Australia. The Cooper Basin has the potential to generate 5,000–10,000 MW. 

 

Expanding geothermal energy in Kenya 

 

Although Kenya produces just enough power to meet its current demand for households and 

businesses tied to the grid, it is constantly plagued with power outages. A large part of the 

problem is the country’s reliance on hydropower, which fuels about half of Kenya’s installed 

capacity. Since there is no reserve margin for reduced hydropower generation in times of 

drought, the government must pay for emergency generation. Given its cost, it is not a viable 

long term solution. Tapping the resource’s full potential could produce five times the 

population’s entire demand in Kenya.  

 

Kenya’s Geothermal Investments Contribute to Green Energy Growth, Competitiveness 

and Shared Prosperity 

 

 
 

Kenya is stepping up its ambitious green-energy centered power development program to 

increase electricity supply by 5,000 megawatts by 2018. Kenya is investing in 280 megawatts of 

geothermal energy as part of its accelerated green energy growth program. The new 

geothermal power lowers electricity bills by over 30%. Kenya’s rapid investment in geothermal 

power in recent years is increasingly paying dividends through the supply of reliable, clean 

energy and by lowering the cost of electricity to consumers. 

 

Geothermal power, which is generated from natural steam from the earth, some from as far as 

three kilometers underground, is a renewable source of energy and, unlike hydro, its output is 

not affected by vagaries of weather.  

https://en.wikipedia.org/wiki/Granite


In Kenya, Geothermal’s contribution to the national energy mix increased to 51% following the 

commissioning of two new plants with a combined capacity of 280 megawatts: Olkaria 1 and 

Olkaria 4 in the Rift Valley. 

 

Geothermal is now the largest source of electricity for Kenya, ahead of hydro which has 

dominated the country’s power supply for decades. In 2010, geothermal accounted for a mere 

13% of Kengen’s power mix. 

 

Kenya’s plan, according to Kengen officials, is to increase geothermal capacity by another 460 

megawatts by 2018 to reduce the volume of hydro power in its mix to 28% by 2018. This will 

significantly reduce the exposure of Kenya’s electricity consumers to the consequences of 

drought, which considerably reduces power supply from the hydro power stations and forces the 

country to resort to costly diesel generated power. 

 

The accelerated investments in Olkaria demonstrate the government’s resolve to increase 

supply of clean energy, provide reliable power and lower cost to domestic and industrial 

consumers, with the aim of improving the quality of people’s lives. 

 

Kenya will depend on private investment for geothermal development 

 

 
“Kenya's Energy Cabinet Secretary expects independent power producers to play a major role in Kenya 

reaching its ambitious geothermal development goals.” Alexander Richter 23 May 2016 

Kenya’s Energy Cabinet secretary Charles Keter reported in a statement that the Kenyan 

government is not in a position to finance the ambitious geothermal development in the pipeline. 

It will therefore have to trust private investment to drive development. 



The time it takes to develop geothermal projects and the high up-front cost make it difficult for 

the Kenyan government and government-owned players such as KenGen and GDC to shoulder 

development costs on their own. 

“We want Government participation to be limited, which will in the end open up the sector for 

private investors…this will only be possible if the new policy is fast-tracked,” Keter said at an 

ongoing geothermal consultative forum in Nairobi, citing slow pace of projects’ delivery as the 

reason to the change of tune. 

Earlier government goals sought for Kenya to install up to 5,000 MW in geothermal power 

generation capacity by 2017, which at this point is not very likely with an installed generation 

capacity of only around 660 MW. 

Typical costs for geothermal power plant development are cited in the range of US$3-5 million 

per MW installed. This would mean a capital cost for a 30MW geothermal plant in the region of 

US$90-150 million. There is also a variability in cost between different technologies, with binary 

plant generally being more expensive than flash plant. 

Publicly available information shows that there is also fairly wide variation in the estimated 

levelized cost of electricity (LCOE) generated from geothermal, ranging from US¢5/kWh to 

US¢15/kWh generated. 

 

4- Marine energy 

Marine energy (also sometimes referred to as 

ocean energy) refers to the energy carried by 

ocean; 

• Waves 

• Tides 

• Salinity and, 

• Temperature differences 

The movement of water in the world's oceans 

creates a vast store of kinetic energy, or energy in 

motion. This energy can be harnessed to generate 

electricity to power homes, transport and industries. 

The term marine energy encompasses both wave 

power – power from surface waves, and tidal 

power – obtained from the kinetic energy of large bodies of moving water. 

Reverse Electrodialysis (RED) is a technology for generating electricity by mixing fresh river 

water and salty sea water in large power cells designed for this purpose; as of 2016 it is being 

tested at a small scale (50 kW). 

Offshore wind power is not a form of marine energy, as wind power is derived from the wind, 

even if the wind turbines are placed over water. The oceans have a tremendous amount of 

energy and are close to many if not most concentrated populations. Ocean energy has the 

potential of providing a substantial amount of new renewable energy around the world.  

 

Rance Tidal Power Station, France 
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# Station Country Location Capacity 

1. Sihwa Lake Tidal Power Station 

South 

Korea 37°18′47″N 126°36′46″E 

254 MW 

2. Rance Tidal Power Station France 48°37′05″N 02°01′24″W  

240 MW 

3. 
Annapolis Royal Generating 

Station 

Canada 44°45′07″N 65°30′40″W  

20 MW 

 

Wave energy is generally considered to be the most concentrated and least variable form of 

renewable energy. It is the high power density of wave energy that suggests it has the capacity 

to become the lowest cost renewable energy source. Wave power is a relatively unknown 

solution as a clean energy source, yet its uninterrupted and continuous source of energy has 

the potential to be among the most enduring suppliers of the world's future needs if some 

obstacles can be overcome. One major problem with most wave technology is that waves have 

too much energy. Britain has 35 out of the world’s nearly 130 wave energy and tidal stream 

device developers, which include Aquamarine Power and Marine Current Turbines.  

 

How oceans could power the future. The oceans contain a huge amount of energy. Ocean 

current resources are about 800 times denser than wind currents, meaning a 12-mph marine 

current generates the equivalent amount of force as a 110-mph wind gust. A 2012 

report prepared by RE Vision Consulting for the Department of Energy found that the theoretical 

ocean wave energy resource potential in the U.S. is more than 50% of the annual domestic 

demand of the entire country. The World Energy Council has estimated that approximately 2 

terawatts - 2 million megawatts or double current world electricity production - could be produced 

from the oceans via wave power. 

 

South Africa: wave energy power plant development 

International software company Blackbird International Corporation through its renewable 

sea wave energy technology partner, Wave Electricity Renewable Power Ocean (WERPO), has 

announced the development of a new power plant in South Africa. Blackbird has agreed to set 

up this joint venture in order to erect a 500MW wave energy power plant. This initial project will 

generate in excess of $140 million in annual revenue. 

 

South Africa's nearly 3,000 km of coastline is the landing site for waves that are ideal for 

electricity generation using sea-wave technology. The government of South Africa has 

expressed the desire to take advantage of their coastline as a way to achieve their alternative 

energy goals through the implementation of a series of power plants. 
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Kenya 100 MW Wave Energy project  

 

Within 2 years from the start of the project, it 

will have a cash flow from selling power to 

the power company. The first part of the 

plant shall produce 10 MW which should 

generate a gross income of $10,000,000. 

The 100MW power plant will be installed 

along the shores of Kenya, with a production 

cost of $0.02 per 1kWh, while the produced 

energy will be bought by the local electric 

company KPLC with a tariff of $0.08 per 

1kWh. 

The technology enables production of 

energy in a clean and cost-efficient manner, which will reduce the environmental pollution 

without damaging the industrial and financial growth in Kenya, which is restricted as a result of 

the electric shortage. 

Sea wave energy production is an innovative technology with great potential. The waves are 

created as a result of the winds on the surface of the ocean. Energy production factors include 

the velocity of the wind as a factor of the wave height, the wind’s consistency, the ocean surface 

area, its depth, and its topography.  

 

  

100MW power plant on the Kenyan coastline 



6. Aquaponics 

The term aquaponics is a portmanteau of the terms aquaculture and hydroponic agriculture. 

Aquaponics (/ˈækwəˈpɒnᵻks/) refers to any system that combines 

conventional aquaculture (raising aquatic animals such as snails, fish, crayfish or prawns in 

tanks) with hydroponics (cultivating plants in water) in a symbiotic environment.  

In normal aquaculture, excretions from the animals being raised can accumulate in the water, 

increasing toxicity. In an aquaponic system, water from an aquaculture system is fed to 

a hydroponic system where the by-products are broken down by nitrifying bacteria initially 

into nitrites and subsequently into nitrates, which are utilized by the plants as nutrients, and the 

water is then recirculated back to the aquaculture system. 

 
 

As existing hydroponic and aquaculture farming techniques form the basis for all aquaponics 

systems, the size, complexity, and types of foods grown in an aquaponics system can vary as 

much as any system found in either distinct farming discipline.  

 

Parts of an aquaponic system 

 

 

A commercial aquaponics system. An electric pump moves 

nutrient-rich water from the fish tank through a solids filter to 

remove particles the plants above cannot absorb. The water then 

provides nutrients for the plants and is cleansed before returning 

to the fish tank below. 

  

A small, portable aquaponics system. 
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Aquaponics consists of two main parts, with the aquaculture part for raising aquatic animals and 

the hydroponics part for growing plants. Aquatic effluents, resulting from uneaten feed or raising 

animals like fish, accumulate in water due to the closed-system recirculation of most 

aquaculture systems. The effluent-rich water becomes toxic to the aquatic animal in high 

concentrations but this contains nutrients essential for plant growth. Although consisting 

primarily of these two parts, aquaponics systems are usually grouped into several components 

or subsystems responsible for the effective removal of solid wastes, for adding bases to 

neutralize acids, or for maintaining water oxygenation. Typical components include: 

• Rearing tank: the tanks for raising and feeding the fish; 

• Settling basin: a unit for catching uneaten food and detached biofilms, and for settling out fine 

particulates; 

• Biofilter: a place where the nitrification bacteria can grow and convert ammonia into nitrates, 

which are usable by the plants; 

• Hydroponics subsystem: the portion of the system where plants are grown by absorbing 

excess nutrients from the water; 

• Sump: the lowest point in the system where the water flows to and from which it is pumped 

back to the rearing tanks. 

Depending on the sophistication and cost of the aquaponics system, the units for solids 

removal, biofiltration, and/or the hydroponics subsystem may be combined into one unit or 

subsystem, which prevents the water from flowing directly from the aquaculture part of the 

system to the hydroponics part. By utilizing gravel or sand as plant supporting medium, solids 

are captured and the medium has enough surface area for fixed-film nitrification. The ability to 

combine biofiltration and hydroponics allows for aquaponic system to in many cases eliminate 

the need for an expensive, separate biofilter. 

Live components 

An aquaponic system depends on different live components to work successfully. The three 

main live components are plants, fish (or other aquatic creatures) and bacteria. Some systems 

also include additional live components like worms. 

Plants 

 

A Deep Water Culture hydroponics system where plant grow directly into the effluent rich water without 

a soil medium. Plants can be spaced closer together because the roots do not need to expand outwards 

to support the weight of the plant. 
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Many plants are suitable for aquaponic systems, though which ones work for a specific system 

depends on the maturity and stocking density of the fish. These factors influence the 

concentration of nutrients from the fish effluent, and how much of those nutrients are made 

available to the plant roots via bacteria.  

Plant placed into a 
nutrient rich water 
channel in a Nutrient film 
technique (NFT) system 

https://en.wikipedia.org/wiki/File:Aquaponics_with_Vibrantly_Colored_Plants.jpg


 

 



Other plants, such as tomatoes, cucumbers, and peppers, have higher nutrient requirements 

and will only do well in mature aquaponic systems that have high stocking densities of fish.  

Plants that are common in salads have some of the greatest success in aquaponics, 

including cucumbers, shallots, tomatoes, lettuce, chiles, capsicum, red salad onions and snow 

peas. Some profitable plants for aquaponic systems include Alo vera, chinese 

cabbage, lettuce, basil, roses, tomatoes, okra, cantaloupe and bell peppers, pak choi, kale, 

swiss chard, arugula, mint, watercress, chives, house plants, peppers, squash, dwarf citrus 

trees, sweet corn, micro greens, beets, carrots, onions, edible flowers, nasturtium, violas, 

orchids. 

Many species of vegetables that grow well in an aquaponic system include Green leaf 

vegetables with low to medium nutrient requirements are well adapted to aquaponic systems. 

Chinese cabbage, lettuce, basil, spinach, chives, herbs,  

and watercress, basil, coriander, parsley, lemongrass, sage, beans, peas, kohlrabi, taro, radishe

s, strawberries, melons, onions, turnips, parsnips, sweet potato, cauliflower, cabbage, broccoli, 

and eggplant as well as choys.  

Fruiting plants like melons or tomatoes, and plants with higher nutrient like bananas needs need 

higher stocking densities of fish and more mature tanks to provide enough nutrients. 
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Fish (or other aquatic creatures)  

Freshwater fish are the most common aquatic 

animal raised using aquaponics due to their ability 

to tolerate crowding, although freshwater crayfish 

and prawns are also sometimes used. There is a 

branch of aquaponics using saltwater fish, 

called saltwater aquaponics. There are many 

species of warm water and Coldwater fish that 

adapt well to aquaculture systems. 

In practice, tilapia are the most popular fish for 

home and commercial projects that are intended to 

raise edible fish because it is a warm water fish 

species that can tolerate crowding and changing 

water conditions. Trout, largemouth bass, white 

bass, barramundi, Crappies, Jade perch, Silver perch, silver perch, eel-tailed catfish or 

tandanus catfish, and Murray cod are also used. For temperate climates when there isn't ability 

or desire to maintain water temperature, bluegill and catfish are suitable fish species for home 

systems. 

Koi and goldfish may also be used, if the fish in the system need not be edible. Other suitable 

fish include channel catfish, rainbow trout, perch, common carp, Arctic char, largemouth 

bass and striped bass.  

  

Filtered water from the hydroponics system drains into a 
catfish tank for re-circulation 
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Bacteria 

Nitrification, the aerobic conversion of ammonia into nitrates, is one of the most important 

functions in an aquaponics system as it reduces the toxicity of the water for fish, and allows the 

resulting nitrate compounds to be removed by the plants for nourishment. Ammonia is steadily 

released into the water through the excreta and gills of fish as a product of their metabolism, but 

must be filtered out of the water since higher concentrations of ammonia (commonly between 

0.5 and 1 ppm)[citation needed] can impair growth, cause widespread damage to tissues, 

decrease resistance to disease and even kill the fish. Although plants can absorb ammonia from 

the water to some degree, nitrates are assimilated more easily, thereby efficiently reducing the 

toxicity of the water for fish. Ammonia can be converted into safer nitrogenous compounds 

through combined healthy populations of 2 types of bacteria: Nitrosomonas which convert 

ammonia into nitrites, and Nitrobacter which then convert nitrites into nitrates. While nitrite is still 

harmful to fish due to its ability to create metehemoglobine, which cannot bind oxygen, by 

attaching to hemoglobin, nitrates are able to be tolerated at high levels by fish.   

Hydroponic subsystem 

Plants are grown as in hydroponics systems, with their roots immersed in the nutrient-rich 

effluent water. This enables them to filter out the ammonia that is toxic to the aquatic animals, or 

its metabolites. After the water has passed through the hydroponic subsystem, it is cleaned and 

oxygenated, and can return to the aquaculture vessels. This cycle is continuous. Common 

aquaponic applications of hydroponic systems include: 

• Deep-water raft aquaponics: Styrofoam rafts floating in a relatively deep aquaculture basin in 
troughs. Raft tanks can be constructed to be quite large, and enable seedlings to be 
transplanted at one end of the tank while fully grown plants are harvested at the other, thus 
ensuring optimal floor space usage.   

• Recirculating aquaponics: solid media such as gravel or clay beads, held in a container that is 
flooded with water from the aquaculture. This type of aquaponics is also known as closed-loop 
aquaponics. 

• Reciprocating aquaponics: solid media in a container that is alternately flooded and drained 
utilizing different types of siphon drains. This type of aquaponics is also known as flood-and-
drain aquaponics or ebb-and-flow aquaponics. 

• Nutrient film technique channels: plants are grown in lengthy narrow channels, with a film of 
nutrient-filled water constantly flowing past the plant roots. Due to the small amount of water 
and narrow channels, helpful bacteria cannot live there and therefore a bio filter is required for 
this method.   

• Other systems use towers that are trickle-fed from the top, horizontal PVC pipes with holes for 
the pots, plastic barrels cut in half with gravel or rafts in them. Each approach has its own 
benefits.  

Since plants at different growth stages require different amounts of minerals and nutrients, plant 

harvesting is staggered with seedlings growing at the same time as mature plants. This ensures 

stable nutrient content in the water because of continuous symbiotic cleansing of toxins from the 

water.   
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Biofilter 

In an aquaponics system, the bacteria responsible for the conversion of ammonia to usable 

nitrates for plants form a biofilm on all solid surfaces throughout the system that are in constant 

contact with the water. The submerged roots of the vegetables combined have a large surface 

area where many bacteria can accumulate. Together with the concentrations of ammonia and 

nitrites in the water, the surface area determines the speed with which nitrification takes place. 

Care for these bacterial colonies is important as to regulate the full assimilation of ammonia and 

nitrite. This is why most aquaponics systems include a biofiltering unit, which helps facilitate 

growth of these microorganisms. Typically, after a system has stabilized ammonia levels range 

from 0.25 to 2.0 ppm; nitrite levels range from 0.25 to 1 ppm, and nitrate levels range from 2 to 

150 ppm.[citation needed] During system startup, spikes may occur in the levels of ammonia 

(up to 6.0 ppm) and nitrite (up to 15 ppm), with nitrate levels peaking later in the startup 

phase.[citation needed] Since the nitrification process acidifies the water, non-sodium bases 

such as potassium hydroxide or calcium hydroxide can be added for neutralizing the 

water's pH[14] if insufficient quantities are naturally present in the water to provide a buffer 

against acidification. In addition, selected minerals or nutrients such as iron can be added in 

addition to the fish waste that serves as the main source of nutrients to plants.   

A good way to deal with solids buildup in aquaponics is the use of worms, which liquefy the solid 

organic matter so that it can be utilized by the plants and/or other animals in the system. For a 

worm-only growing method, please see Vermiponics. 

Operation 

The five main inputs to the system are water, oxygen, light, feed given to the aquatic animals, 

and electricity to pump, filter, and oxygenate the water. Spawn or fry may be added to replace 

grown fish that are taken out from the system to retain a stable system. In terms of outputs, an 

aquaponics system may continually yield plants such as vegetables grown in hydroponics, and 

edible aquatic species raised in an aquaculture. Typical build ratios are 0.5 to 1 square foot of 

grow space for every 1 U.S. gal (3.8 L) of aquaculture water in the system. 1 U.S. gal (3.8 L) of 

water can support between 0.5 lb (0.23 kg) and 1 lb (0.45 kg) of fish stock depending 

on aeration and filtration.   

Ten primary guiding principles for creating successful aquaponics systems were issued by Dr. 

James Rakocy, the director of the aquaponics research team at the University of the Virgin 

Islands, based on extensive research done as part of the Agricultural Experiment 

Station aquaculture program.  

• Use a feeding rate ratio for design calculations 

• Keep feed input relatively constant 

• Supplement with calcium, potassium and iron 

• Ensure good aeration 

• Remove solids 

• Be careful with aggregates 

• Oversize pipes 

• Use biological pest control 

• Ensure adequate biofiltration 

• Control pH 
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Feed source 

As in most aquaculture based systems, stock feed often consists of fish meal derived from 

lower-value species. Ongoing depletion of wild fish stocks makes this practice unsustainable. 

Organic fish feeds may prove to be a viable alternative that relieves this concern. Other 

alternatives include growing duckweed with an aquaponics system that feeds the same fish 

grown on the system, excess worms grown from vermiculture composting, using prepared 

kitchen scraps, as well as growing black soldier fly larvae to feed to the fish using composting 

grub growers.  

Water usage 

Aquaponic systems do not typically discharge or exchange water under normal operation, but 

instead recirculate and reuse water very effectively. The system relies on the relationship 

between the animals and the plants to maintain a stable aquatic environment that experience a 

minimum of fluctuation in ambient nutrient and oxygen levels. Plants are able to recover 

dissolved nutrients from the circulating water, meaning that less water is discharged and the 

water exchange rate can be minimized. Water is added only to replace water loss from 

absorption and transpiration by plants, evaporation into the air from surface water, overflow from 

the system from rainfall, and removal of biomass such as settled solid wastes from the system. 

As a result, aquaponics uses approximately 2% of the water that a conventionally irrigated farm 

requires for the same vegetable production. [citation needed] This allows for aquaponic 

production of both crops and fish in areas where water or fertile land is scarce. Aquaponic 

systems can also be used to replicate controlled wetland conditions. Constructed wetlands can 

be useful for biofiltration and treatment of typical household sewage. The nutrient-filled overflow 

water can be accumulated in catchment tanks, and reused to accelerate growth of crops planted 

in soil, or it may be pumped back into the aquaponic system to top up the water level. 

Energy usage 

Aquaponic installations rely in varying degrees on man-made energy, technological solutions, 

and environmental control to achieve recirculation and water/ambient temperatures. However, if 

a system is designed with energy conservation in mind, using alternative energy and a reduced 

number of pumps by letting the water flow downwards as much as possible, it can be highly 

energy efficient. While careful design can minimize the risk, aquaponics systems can have 

multiple 'single points of failure' where problems such as an electrical failure or a pipe blockage 

can lead to a complete loss of fish stock. 

Fish stocking 

In order for aquaponic systems to be financially successful and make a profit whilst also 

covering its operating expenses, the hydroponic plant components and fish rearing components 

need to almost constantly be at maximum production capacity. To keep the bio-mass of fish in 

the system at its maximum (without limiting fish growth), there are 3 main stocking method that 

can help maintain this maximum. 

• Sequential rearing: Multiple age groups of fish share a rearing tank, and when an age group 
reaches market size they are selectively harvested and replaced with the same amount of 
fingerlings.  Downsides to this method include stressing out the entire pool of fish during each 
harvest, missing fish resulting in a waste of food/space, and the difficulty of keeping accurate 
records with frequent harvests.  
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• Stock splitting: Large quantities of fingerlings are stocked at once and then split into two 
groups once the tank hits maximum capacity, which is easier to record and eliminates fish being 
"forgotten". A stress-free way of doing this operation is via "swim ways" that connect various 
rearing tanks and a series of hatches/moving screens/pumps that move the fish around. 

• Multiple rearing units: Entire groups of fish are moved to larger rearing tanks once their 
current tank hits maximum capacity. Such systems usually have 2-4 tanks that share a filtration 
system, and when the largest tank is harvested, the other fish groups are each moved up into a 
bigger tank whilst the smallest tank is restocked with fingerlings. [14] It is also common for there 
to be several rearing tanks yet no ways to move fish between them, which eliminates the labor 
of moving fish and allows each tank to be undisturbed during harvesting, even if the space 
usage is inefficient when the fish are fingerlings. 

Ideally the bio-mass of fish in the rearing tanks doesn't exceed 0.5 lbs/gallon, in order to 

reducing stress from crowding, efficiently feed the fish and promote healthy growth.  

Disease and pest management 

Although pesticides can normally be used to take care of insect on crops, in an aquaponic 

system the use of pesticides would threaten the fish ecosystem. On the other hand, if the fish 

acquire parasites or diseases, therapeutants cannot be used as the plants would absorb 

them. In order to maintain the symbiotic relationship between the plants and the fish, non-

chemical methods such as traps, physical barriers and biological control (such as parasitic 

wasps/ladybugs to control white flies/aphids) should be used to control pests.  

Economic viability 

Aquaponics offers a diverse and stable polyculture system that allows farmers to grow 

vegetables and raise fish at the same time. By having two sources of profit, farmers can 

continue to earn money even if the market for either fish or plants goes through a low cycle. The 

flexibility of an aquaponic system allows it to grow a large variety of crops including ordinary 

vegetables, herbs, flowers and aquatic plants to cater to a broad spectrum of 

consumers.  Herbs, lettuce and speciality greens such as basil or spinach are especially well 

suited for aquaponic systems due to their low nutritional needs. For the growing number of 

environmentally conscious consumers, products from aquaponic systems are organic and 

pesticide free, whilst also leaving a small environmental footprint.  Aquaponic systems 

additionally are economically efficient due to low water usage, effective nutrient cycling and 

needing little land to operate.  Because soil isn't needed and only a little bit of water is required, 

aquaponic systems can be set up in areas that have traditionally poor soil quality or 

contaminated water.  More importantly, aquaponic systems are usually free of weeds, pests and 

diseases that would affect soil, which allows them to consistently and quickly produce high 

quality crops to sell.   

Current examples 

The Caribbean island of Barbados created an initiative to start aquaponics systems at home, 

with revenue generated by selling produce to tourists in an effort to reduce growing dependence 

on imported food. 

Dakota College at Bottineau in Bottineau, North Dakota has an aquaponics program that gives 

students the ability to obtain a certificate or an AAS degree in aquaponics. 
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In Bangladesh, the world's most densely 

populated country, most farmers 

use agrochemicals to enhance food 

production and storage life, though the 

country lacks oversight on safe levels of 

chemicals in foods for human consumption. 

To combat this issue, a team led by M.A. 

Salam at the Department of Aquaculture 

of Bangladesh Agricultural University has 

created plans for a low-cost aquaponics 

system to provide organic produce and fish for 

people living in adverse climatic conditions 

such as the salinity-prone southern area and 

the flood-prone haor area in the eastern 

region. Salam's work innovates a form 

of subsistence farming for micro-production 

goals at the community and personal levels whereas design work by Chowdhury and Graff was 

aimed exclusively at the commercial level, the latter of the two approaches take advantage 

of economies of scale. 

The Smith Road facility in Denver started pilot program of aquaponics to feed 800 to 1000 

inmates at Denver Jail and neighboring downtown facility which consist of 1,500 inmates and 

700 officers. 

In Malaysia Alor Gajah, Melaka, Organization ‘Persatuan Akuakutur Malaysia’ takes innovative 

approach in aquaponics by growing Lobster in aquaponics.  

VertiFarms in New Orleans targets corporate rooftops for vertical farming, accruing up to 90 

corporate clients for rooftop vertical farming in 2013.   

Windy Drumlins Farm in Wisconsin redesigns aquaponic-solar greenhouse for extreme weather 

conditions which can endure extremely cold climate.  

Volunteer operation in Nicaragua “Amigos for Christ” manages its plantation for feeding 900+ 

poverty-stricken school children by using nutrients from aquaponics method.  

Aquaponics in India aims to provide aspiring farmers with aquaponics solutions for commercial 

and backyard operation.   

Verticulture in Bedstuy utilizes old Pfizer manufacturing plant for producing basil in commercial 

scale through aquaponics, yielding 30-40 pounds of basil a week.   

Aquaponics startup Edenworks in New York expands to full-scale commercial facility, which will 

generate 130,000 pounds of greens and 50,000 pounds of fish a year.   

There has been a shift towards community integration of aquaponics, such as the nonprofit 

foundation Growing Power that offers Milwaukee youth job opportunities and training while 

growing food for their community. The model has spawned several satellite projects in other 

cities, such as New Orleans where the Vietnamese fisherman community has suffered from 

the Deepwater Horizon oil spill, and in the South Bronx in New York City.   

Vegetable production part of the low-cost Backyard Aquaponics 
System developed at Bangladesh Agricultural University 
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Whispering Roots is a non-profit organization in Omaha, Nebraska that provides fresh, locally 

grown, healthy food for socially and economically disadvantaged communities by using 

aquaponics, hydroponics and urban farming.  

In addition, aquaponic gardeners from all around the world are gathering in online community 

sites and forums to share their experiences and promote the development of this form of 

gardening as well as creating extensive resources on how to build home systems. 

Recently, aquaponics has been moving towards indoor production systems. In cities like 

Chicago, entrepreneurs are utilizing vertical designs to grow food year round. These systems 

can be used to grow food year round with minimal to no waste.  

There are various modular systems made for the public that utilize aquaponic systems to 

produce organic vegetables and herbs, and provide indoor decor at the same time. These 

systems can serve as a source of herbs and vegetables indoors. Universities are promoting 

research on these modular systems as they get more popular among city dwellers.  

 

A Commercial View 

➢ 1,000,000$ investment 

➢ 30,000 kg fish/year (Weekly Harvests, 52 weeks/year) 

➢ 3200 leafy plant/day (Continuous Harvests, 365 days/year) 

➢ Needed land =~ 3 acres   
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7. Tropical Fruit Trees & Permaculture 

Africa’s real diamonds are not hidden in the ground; they’re hanging in the trees! How huge is 

the potential for the fruit farming and export business in Africa? You’re about to find out… 

As millions of people around the world look for healthier and organic foods, fruits are growing in 

demand both locally and globally. 

Apart from the millions of fruits that we eat at home in Africa, many of us do not notice the huge 

volumes of bananas, pineapples, mangoes and several other tropical fruit varieties that are 

shipped to Europe, the Middle East and USA every week! 

Africa has a unique advantage to profit from this very lucrative market for tropical fruits which 

grow abundantly on our continent. 

This article explores the tropical fruit business and looks at a couple of successful entrepreneurs 

who are already exploiting the potentials of the fruit production business in Africa. I have also 

included very detailed manuals that reveal all the technical details of starting and succeeding in 

fruit farming.  

Why is the market potential for tropical fruits huge for Africa? 

In line with our tradition on Small Starter, it’s important to us that our readers understand the 

market forces and economic opportunities behind every business opportunity we share. 

Researches has identified three strong reasons why Africa’s future in the tropical fruits business 

is shining very bright. 

Here they are… 

1. Africa has a strong geographic advantage 

 

More than 70 percent of fruits consumed on earth come from the tropics, which is why they’re 

called ‘tropical fruits’. A very large portion of Africa is located in the tropics – a region that enjoys 

all-year-round sunlight and has a perfect climate for fruits to thrive and grow abundantly. As a 
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result, Africa remains one of the world’s largest producers of some of the most popular fruits on 

the planet – citrus, pineapples, bananas and many others. 

Despite this continent’s huge potential to produce fruits for the world, a lot of fruits grown in 

many African countries are consumed locally. 

Because fruits are highly perishable (spoil very quickly) and many farmers have little access to 

good storage facilities, Africa currently exports less than 5 percent of the fruits it produces every 

year. 

As you will read much later in this text, there are signs of positive change as some 

entrepreneurs are already making the best of this bad situation. 

 

2. A growing demand for healthier and organic foods 

Due to the revelations by modern science about the health benefits of eating fruits 

and vegetables, millions of people around the world (especially in developed countries) now 

include some form of fruit in their daily diets. 

Apart from their rich nutrient, mineral and vitamin content, fruits are now known to lower blood 

pressure; reduce the risk of heart disease, stroke, and probably some cancers; and help to 

lower the risk of eye and digestive system problems. 

The growing consciousness in Western countries to adopt fruit-rich diets is one of the major 

drivers of the growing demand for tropical fruits which are abundant in Africa. As a result, 

countries like Ghana, South Africa, Ivory Coast and Kenya earn millions of dollars every year 

from fruit exports to Europe, the Middle East and USA. 

According to the World Health Organization, millions of people around the world still die 

prematurely from diseases associated with low fruit consumption. While this is sad, it signals a 

promising and lucrative growth in the demand for African tropical fruits now and in the future as 

more people add fruits to their diets. 

 

3. A rapidly growing fruit juice industry 

Did you know that each year, Nigeria alone imports orange concentrates worth over US$140 

million for local fruit juice production? The global market for fruit and vegetable juices is growing 

fast and is forecast to exceed 70 billion liters by the year 2017. 

This rapid growth is driven by a rising preference by customers for healthy drinks (like fruit 

juices) over soft drinks (such as carbonated drinks – like Coke and Pepsi). There is also a rising 

demand for organic, super fruit and 100 percent natural fruit juices without any sweeteners and 

preservatives. 

This means that in the very near future, producers will require more raw fruits to make a glass of 

juice. 
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As more manufacturers shop for fruits to produce more juice to serve the growing demand, 

Africa will become a huge supplier due to the abundance of fruits that grow on the continent. 

This added demand from fruit juice manufacturers is allowing farmers across Africa to process 

their harvested fruits into less perishable concentrates thereby reducing spoilage and earning 

them more money. 

It’s time to meet the fruits! 

Now that we know why the market potential for African tropical fruits is huge and growing, it’s 

time to meet some of our top-selling exotic fruits that have achieved worldwide celebrity status 

for their taste, high nutritional content and value. 

Here they are… 

#1 – Pineapples 

 

The pineapple is a very popular and widely consumed fruit in many parts of Africa. It is second 

only to bananas as the most important harvested fruit. 

Despite the perfect fit that Africa’s tropical climate and soils have for pineapples, very few 

countries on the continent are big producers of the fruit. Ghana and Ivory Coast are Africa’s 

largest exporters making more than $50 million every year from the pineapples it sells to 

Europe. 

In some of the other big producers like Nigeria, more than 95 percent of harvested pineapples 

are eaten locally or wasted (due to a lack of storage facilities) and very little is exported. 

Although a lot of money is made from selling pineapples locally, entrepreneurs can make up to 

three to five times more money if this fruit is exported. 

The latest (2011) FAO statistics show that Latin America and South-East Asia currently 

dominate the international market for pineapples with countries like the Philippines, Brazil, 

Costa Rica, Thailand and Indonesia among the top five global producers. 

In fact, ninety percent of the world demand for fresh pineapple originates from twelve countries 

– USA, France, Japan, Belgium, Italy, Germany, Canada, Spain, England, Korea, Netherlands 

and Singapore.   
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Like all the other tropical fruits discussed in this part, pineapples grow and perform very well in 

many parts of sub-Saharan Africa where the soil and tropical climate is just perfect for them. 

They don’t require a lot of water and can survive on very little soil. 

Pineapples have long and tough leaves which use the power of the sun to provide all the food 

and water the plant needs. The best part is: Pineapples multiply really fast and only require little 

care after planting. 

Blue Skies is a company based in Ghana, purchases harvested pineapples from local 

communities and a large proportion of these fruits are processed into fresh pineapple chunks, 

juices and concentrates. These products are exported to Europe where the taste and demand 

for fresh exotic tropical fruits like pineapples is huge. 

It is important to note that there are more than 100 different varieties of pineapple but only about 

six varieties are popular in commercial production. 

These commercial varieties are preferred because they ripen faster, contain more sugar and 

vitamins, and often have a longer shelf life (which is very important because pineapples are a 

highly perishable commodity). 

#2 – Mangoes 

 

Although grown in over 90 countries around the world mangoes which are native to Asia grow 

very well In many parts of tropical Africa. Apart from bananas, mangoes are the most consumed 

tropical fruit in the world and one of the most cultivated fruits in the tropics. 

Because they are highly nutritious and rich in minerals, fibre and vitamins, mangoes are used in 

a wide variety of juices, sauces, salads and desserts around the world. 

There are over 100 different varieties of mangoes and several of these are grown and harvested 

across many African countries. Although Nigeria remains Africa’s top producer of the fruit 
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(followed by Kenya, Egypt and Madagascar), almost all of its yearly harvests are consumed 

locally or rot away as waste. 

India, which has the mango as its national fruit, is the world’s largest producer and exporter. 

Other major exporters include China, Mexico, Thailand and the Philippines. 

Like with most overlooked business opportunities scattered across Africa, some entrepreneurs 

have started doing something about Africa’s huge potential as a mango producer. 

A huge challenge in the mango business is that they are seasonal fruits and the surplus in the 

markets during harvest time tends to bring down prices. 

African mango producers experience several other problems including: pests and diseases, 

poor orchard management, post-harvest losses and limited access to hybrids and quality 

planting materials. 

#3 – Bananas 

 

 

 

 

 

Bananas are definitely the most popular of all tropical and exotic fruits. 

According to a recent article in the New Scientist, bananas have become the fourth most 

important food crop in the world, after rice, wheat and maize. It is also the world’s most 

harvested and eaten fruit with more than 1,000 different varieties growing in over 150 countries 

across the world. 

In many parts of Africa, especially in West, Central and East Africa, bananas are widely eaten 

and have significant cultural and medicinal values.  In fact, countries like Uganda, Burundi and 

Rwanda consume up to 45 kilograms per person per year; the highest banana consumption rate 

anywhere in the world! 

Bananas are most popularly eaten as ripe fruits (table bananas) with varieties such as 

Cavendish, Red Bananas, Apple bananas and Gros Michel used in desserts and juices. Other 

http://www.smallstarter.com/get-inspired/101-ways-to-make-money-in-africa-business-ideas-and-success-stories/


types, such as the cooking bananas (also known as plantains) are cooked, roasted and eaten 

as food. Bananas, especially the cooking and dessert (table) bananas are widely consumed in 

Africa and are a source of livelihood for many people. 

According to UNCTAD, the international trade in bananas has tripled between the 1970s and 

today. However, the banana export market is still dominated by countries in Latin America, the 

Caribbean and South East Asia. In Africa, more than 90 percent of harvested bananas are 

consumed locally and exports are not very common, except in just a few countries. 

#4 – Citrus 
Citrus generally refers to a group of 

popular fruits which include sweet 

oranges, limes, grapefruits, 

lemons and mandarins (also known 

as tangerines). Citrus fruits are 

widely cultivated in tropical as well 

as subtropical African countries. 

While fresh citrus for the market is 

produced preferably in subtropical 

climates (like South Africa) and 

Mediterranean climates (e.g. 

Tunisia, Egypt, Morocco, Libya), 

citrus used in juice production is 

predominant in tropical climates 

because of the possibility for higher 

sugar content. 

African countries like South Africa make up to 6 billion Rand (nearly $600 million) every year 

from fresh citrus fruits exported to the USA and Europe. In most other parts of our continent, 

citrus fruits (especially oranges) are used to produce concentrates for making fruit juice. 

Because these fruits are a very rich source of vitamin C. As with other fruits discussed in this 

article, most of the oranges produced in many parts of Africa are consumed locally or left to 

waste with very little, if any, exported to earn higher income. 

This part would have taken you several hours to read if we included other top hot-selling tropical 

fruits like Papayas (also known as ‘pawpaw’), Guavas, Avocado and Cashews (both fruit and 

nuts). Lesser known fruits such as passion fruits (popularly grown in many parts of East Africa) 

are starting to attract wider demand and attain a global profile. 

The goal of this article is to open your eyes to the colorful and juicy diamonds in this wonderful 

continent. Africa’s potential in fruit production is relatively untapped when compared to other 

regions in Latin America and Asia that currently dominate the international tropical fruits market. 

It is very important that you start to look out for ways to exploit the growing demand and 

lucrative market for tropical fruits both locally and internationally. 



Indigenous African tropical fruit trees: 

Ackee, Butter fruit, Baobab, Monkey kola (yellow, white, red), Magic plant, African walnut, Black 

plum, Tamarind, Velvet tamarind, African oil bean, Shea Butter, ,Irvingia nut, African star apple, 

Incense tree, Gum vine, Ebony, Marula, Imbe, Medlar, Monkey orange, wild loquat, Sugar palm, 

Sweet Detar, Detar, Tree grape, Aizen, Balanite, Carissa, Kei apple, ginger bread plum, Icacina, 

Bird plum, etc.) 

Adapted tropical fruit trees from outside Africa: 

Avocado pear, Banana, Cashew, Coconut, Carambola, Custard apple, Date palm, Fig, Grape 

Citrus, Lemon, Lime, Orange, Shaddock, Tangerine, Tangelo, Tangor, Guava, Grapevine, 

Passion fruit, Mango, Papaya, Pineapple, Sour sop, Seet sop, Star apple, Bread fruit, Jackfruit, 

Mulberry, Hog plum,etc.) 

Permaculture 

The word ‘permaculture’ itself is a contraction of ‘Permanent’ and ‘Agriculture’- a term coined by 

two Australians- Bill Mollison and David Holmgren in the 70’s. These days the ‘culture’ in 

permaculture is also seen to embrace social culture, another essential pillar for sustainability. 

Permaculture is a successful, proven approach to designing sustainable systems. Its 

adaptability and emphasis on meeting human needs means that permaculture can be utilized in 

every climatic and cultural zone. 

This system combines three key aspects: an ethical framework emphasizing environmental 

sustainability and socio-economic justice, a holistic understanding of the processes and 

relationships in nature and a systemic design framework. These are integrated with an 

emphasis on observing before doing to create a ‘permaculture’ design that works with, rather 

than against, the natural processes around us. 

Though permaculture as a design tool and a philosophy has been around since the 1970’s it 

has only recently started to become more recognized internationally as framework for 

sustainable development, able to provide sustainable solutions to many of the challenges facing 

the world today. 

Permaculture uses principles of design found in natural systems to create abundant, self-

regulating and sustainable systems that nourish and replenish nature while providing for human 

needs; an optimistic, action-oriented approach to the environmental, energy, food, water and 

climate crisis the world is currently facing. It focuses on the small solutions that we can 

implement now, to have better choices for the earth & ourselves. 

  



Permaculture Ethics 

1- Care for the Earth:  The Earth is a living, breathing entity.  Our forests and rivers are the 

lungs and veins of the planet that help the Earth to live and breathe, supporting many diverse 

forms of life.  If we take care of the Earth, the Earth will take care of us, and help us meet our 

needs for fuel, fiber, medicine and sustainable jobs. 

2- Care for People:  Care of People starts with ourselves and expands to include our families, 

neighbors and wider communities.  People care incorporates the need for communication, 

companionship and collaborative efforts to affect positive, lasting, earth-friendly change. 

3- Return of Excess to Care for the Earth and Care for People (Fair Share):  Fair Share is 

about setting limits to consumption and distributing abundance equitably.  Fair Share 

emphasizes the taking of what we need and sharing of the surplus while recognizing that there 

are limits to how much we need and how much we can take. 

How we Use Permaculture 

Afristar Foundation utilizes Permaculture Design systems as the primary means of community 

based natural resource management. 

 



 

  



Permaculture is about: 

✓ Working with Nature rather than against it 

✓ Seeing solutions not problems 

✓ Co-operation, not competition 

✓ Bringing food and medicinal production back to our communities 

✓ Energy efficiency & moving towards zero waste 

✓ Valuing diversity 

✓ Reforestation of the earth & allowing for wild places to exist and thrive 

✓ Community-building and people care 

 

A wonderful gateway to self-sufficiency in Africa  

For a region like East Africa, where resources are scarce and the problems of deforestation, soil 

erosion and lack of water are compounded by increasingly severe impacts of climate 

change,  permaculture provides a framework for developing ‘climate resilient’ agricultural and 

land regeneration techniques that can help develop climate change resilience. 

Being a design framework, permaculture emphasizes that there are no silver bullet solutions, 

each design will be different according to the context. Thus rather than being prescriptive, 

permaculture provides a framework for sustainable design that can help local communities find 

solutions to their challenges themselves. Being a design framework, permaculture is useful not 

only to design food production systems but also landscape regeneration, sustainable housing 

and regenerative enterprises.  

We are going use permaculture design techniques not only for implementation of our 

NUProjects in Africa, but also as a RealEducation to many people in this continent to become 

self-sufficient for themselves and support the ALLNatural Environment by using key 

permaculture principles such as recycling of resources, cooperation, diversity and resilience in 

the economic sense. 

  



8. Mushroom Farming 

Mushroom farming may seem like an arduous and tiresome venture, but if you look closely 

there is something quite attractive about it. According to official statistics from the National 

Farmers Information Service (NAFIS), Kenya produces 500 tonnes of mushrooms per year 

against a demand of 1200 tonnes. 

This therefore means buyers have to import from elsewhere as local farmers cannot sustain the 

demand – and herein lies a lucrative business opportunity for you to invest in. 

Mushroom Farming in Kenya and other parts of the Africa  

Mushrooms can grow in almost every part of our country provided there is shelter, reliable water 

supply and stable temperature in the range of 15 to 30 degrees. 

Step 1: Getting Started 

Of course, you need some land to plant 

your mushroom crop. A 1/8 th acre piece of 

land would be adequate to set up a large 

farm that can produce as much as 2 tonnes 

of mushrooms after every 2 months (using 

shelf-frame method). 

Step 2: Build a Simple House 

Once you have secured a good piece of land, you will need to build a simple mud-house and a 

few wooden shelves to utilize the vertical space available. Your local carpenter can help you 

with this and you can improvise on locally available materials to save on construction cost. 

(Note: Make sure the house is well aerated to allow proper circulation of air). 

Step 3: Look for the substrate 

The first and most important supply you will need is the substrate. Substrate is basically the 

substance on which mushrooms grow. This can be forest soil, wheat straw, bean straw, millet 

straw or even rice straw. Make sure this is sterilized as the slightest bacterial infection can ruin 

your entire farm. A bale of wheat straw costs Ksh200 and you will need about 20 bales. 

Step 4: Invest In Bags 

You will need small bags to prepare the seedlings and also big bags for the final planting. Small 

bags like the ones shopkeepers use to package 2KG sugar normally cost about Ksh100 for 200 

pieces. Bigger bags can cost as much as Ksh15 per piece and you will require about 1000 of 

them in a 1/8th acre farm. And the bags could be easily prepared from green and eco-friendly 

materials.  



Step 5: Invest In Good Hygiene 

As you will discover through farm training courses, good hygiene is important in a mushroom 

farm. You will therefore need to buy things like hand gloves, methylated spirit and cotton wool. A 

box full of gloves costs less than Ksh1,000 – same for methylated spirit and cotton wool. Other 

additional supplies that may be needed include drinking straws (Ksh1,000) and a knapsack 

sprayer (Ksh5,000 est). 

Step 6: Now Get the Seeds 

Finally you will require some mushroom seedlings (also known as spawns). The most popular 

(and easy to market) spawns are called button spawns. A Kilogram of button spawns costs 

Ksh1,000. 5 Kilograms will be enough to get you started. Other varieties of mushrooms you can 

plant including: shiitake and oyster. 

The Dos 

(1) Keep the growing environment clean and sterile always.  

(2) It’s advisable to experiment with a small farm before venturing into a big farm.  

(3) Consult an agriculture extension officer in your area for further advice.  

(4) Seek mentorship from farmers who are already doing this to understand what challenges they 

face.  

(5) Explore your market options in advance to avoid last minute surprises and disappointments.  

The Don’ts 

(1) Don’t take shortcuts, mushrooms are very delicate crops and you can lose your entire 

investment if you don’t follow professional advice in handling them 

(2) Don’t buy seeds (spawns) from cheaper sources, always buy from reputable sellers e.g. JKUAT 

(3) Don’t forget that cleanliness is at the center of your farm’s productivity (again, and again) 

(4) Don’t be in a rush, take your time, like in any other business mushrooms take time to establish 

(5) Don’t stop learning, keep researching and keep enquiring to learn the best practices 

  



How Much To Invest/Expect as an example  

A 1/8 th acre farm will require Ksh230,000 to establish from scratch. However, once the farm-

house is constructed and the basic supplies are bought then the cost of operating subsequent 

farming seasons will drop to about Ksh150,000. 

Button mushrooms take less than 14 weeks to mature and a 1/8 th acre farm with 1000 bags 

platforms can produce as much as 2 tonnes of produce. Each Kilogram goes for an average 

price of Ksh600 and this can translate to as much as Ksh1.2 Million in sales revenue. 

Final Word 

Mushroom farming, although quite cumbersome and labor intensive, is actually very profitable. 

All you need to do is to put some effort in learning the best practices and combine that with the 

brilliant marketing and business strategies; A real beneficial way of livelihood for you while 

supporting your planet earth.  

  



9. Apiculture (Beekeeping) 

Introduction 

The term beekeeping reminds us of “honey, while it represents only a part of 

great potential that honey bees can create. Honey bees produce valuable products including 

honey without competing with 

other activities of agriculture and 

forestry. Moreover, as an insect 

pollinating efficiently the flowering 

plants, they pollinate vegetables 

and trees, playing an 

important role in promoting 

agriculture and forestry. As 

readers follow the contents of this 

report, they will be able to 

understand that beekeeping holds 

a great potential to contribute to 

poverty reduction and 

environmental protection including 

forest conservation. 

Human experience of beekeeping started from the earliest times in which presumably the honey 

bees coming to existence 5 million years ago were already the object of exploitation for 

their product by the ancestors of mankind who appeared 1.8 million years ago, in a 

manner similar to the one by which chimpanzees today lick honey off tree twigs by 

inserting them into wild bee hives. 

The products delivered by honey hunting include honey, beeswax, and larvae and pupae of 

honey bee, commonly called “infant bees”. 

Pollination Colonies 

Honey bees live in colonies that are often maintained, fed, and transported by beekeepers. 

Centuries of selective breeding by humans have created honey bees that produce far 

more honey than the colony needs. Beekeepers harvest the honey. Beekeepers provide a place 

for the colony to live and to store honey in. The modern beehive is made up of a series of 

square or rectangular boxes without tops or bottoms placed one on top of another. Inside the 

boxes, frames are hung in parallel, in which bees build up the wax honeycomb in which they 

both raise brood and store honey. Modern hives enable beekeepers to transport bees, moving 

from field to field as the crop needs pollinating and allowing the beekeeper to charge for the 

pollination services they provide. 
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A colony generally 

contains one 

breeding female, or 

“queen”; a few 

thousand males, or 

“drones”; and a 

large population of 

sterile female 

“worker” bees. The 

population of a 

healthy hive in mid-

summer can 

average between 

40,000 and 80,000 

bees. The workers 

cooperate to find 

food and use a 

pattern of “dancing” 

to communicate 

with each other. 

The Queen Bee 

The queen is the largest bee in the colony. 

Queens are developed from larvae selected by 

worker bees to become sexually mature. The 

queen develops more fully than sexually 

immature workers because she is given royal 

jelly, a secretion from glands on the heads of 

young workers, for an extended time. She 

develops in a specially-constructed queen cell, 

which is larger than the cells of normal brood 

comb, and is oriented vertically instead of horizontally. 

She will emerge from her cell to mate in flight with 

approximately 13-18 drone (male) bees. During this mating, 

she receives several million sperm cells, which last her entire 

life span (from two to five years). In each hive or colony, there 

is only one adult, mated queen, who is the mother of the 

worker bees of the hive, although there are exceptions on 

occasion. 

Although the name might imply it, a queen has no control over the hive. Her sole function is to 

serve as the reproducer; she is an “egg laying machine.” A good queen of quality stock, well 

reared with good nutrition and well mated, can lay up to 3,000 eggs per day during the spring 

build-up and live for two or more years. She lays her own weight in eggs every couple of hours 

and is continuously surrounded by young worker attendants, who meet her every need, such as 

feeding and cleaning. 



Drones 

The male bees, called “drones”, are characterized by eyes that are twice the size of those of 

worker bees and queens, and a body size greater than that 

of worker bees, though usually smaller than the queen bee. 

Their abdomen is stouter than the abdomen of workers or 

queen. Although heavy bodied, drones have to be able to 

fly fast enough to catch up with the queen in flight. Drones 

are stingless. 

Their main function in the hive is to be ready to fertilize a 

receptive queen. Mating occurs in flight, which accounts for 

the need of the drones for better vision, which is provided 

by their big eyes. In areas with severe winters, all drones are then driven out of the hive. The life 

expectancy of a drone is about 90 days. 

Worker Bees 

A worker bee is a non-reproducing female which performs certain tasks in support of a bee hive. 

Worker bees undergo a well-defined progression of 

capabilities. In the summer 98% of the bees in a hive are 

worker bees. In the winter, besides the queen, all bees are 

worker bees. Workers feed the queen and larvae, guard the 

hive entrance and help to keep the hive cool by fanning their 

wings. Worker bees also collect nectar to make honey. In 

addition, honey bees produce wax comb. 

The Honey Bees’ Second Shift 

In addition to gathering nectar to produce honey, honey bees 

perform a vital second function - pollination, making them a critical 

component of today's agricultural market. In fact, about one-third of 

the human diet is derived from insect-pollinated plants, 

and honey bees are responsible for 80 percent of this pollination. 

Pollination is the fertilization of a flowering plant.  Pollination occurs 

when pollen is transferred from the anthers of a flower to the ovules 

of that or another flower. Honey bees are responsible for pollinating 

a variety of fruits, vegetables, legumes, and nuts such as almonds. 

Without the honey bees’ pollination work, the quantity and quality of 

many crops would be reduced and some would not yield at all. 

According to a 2000 Cornell University study, the increased yield and quality of agricultural 

crops as a result of honey bee pollination is valued at more than $14.6 billion per year. And 

although other insects can pollinate plants, honey bees are premier pollinators because they are 

available throughout the growing season and pollinate a wide range of crops. 
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Cash Flow Diagram  

To gain a general economic view of how wonderfully these ALL Humanitarian projects are designed, 

here is a preliminary cash flow study which is shown below. The profitability potential of these projects 

will go even beyond that, as costs and profits have been calculated according to worst case scenarios to 

show the bottom-line. 

  

Description Beginning point year 1 year 2 year 3 year 4 year 5 year 6 year 7 year 8 year 9 year 10

 OnCampus RealEducation for Children of the 

world, Floating UNUversal UNUversities, 

Research Labs for Marin Biology Sciences  

-                                       -                        -                        100,000,000         100,000,000         100,000,000         100,000,000        100,000,000        100,000,000          100,000,000             100,000,000        

 Hospitality, ALLSpa, Diving, Banquets, 

weddings, special occasions, scouts, 

Educational Trips, paid admissions, etc.  

-                                       -                        -                        100,000,000         100,000,000         100,000,000         100,000,000        100,000,000        100,000,000          100,000,000             100,000,000        

 Documentaries and Reality Shows -                                       -                        -                        100,000,000         100,000,000         100,000,000         100,000,000        100,000,000        100,000,000          100,000,000             100,000,000        

 Atmospheric Water Generation onboard -                                       -                        -                        50,000,000           50,000,000           50,000,000           50,000,000          50,000,000          50,000,000            50,000,000               50,000,000          

 Bamboo Forestry  -                                       -                        -                        -                        6,000,000             6,000,000             6,000,000            6,000,000            6,000,000              6,000,000                 6,000,000            

 Prefab/Modular housing -                                       -                        -                        60,000,000           60,000,000           -                        -                       -                       -                        -                            -                       

 Wind Energy -                                       -                        -                        -                        -                        80,000,000           80,000,000          80,000,000          80,000,000            80,000,000               80,000,000          

 Solar Energy -                                       -                        -                        -                        -                        100,000,000         100,000,000        100,000,000        100,000,000          100,000,000             100,000,000        

 Wave Energy -                                       -                        -                        -                        -                        60,000,000           60,000,000          60,000,000          60,000,000            60,000,000               60,000,000          

 Geothermal Energy -                                       -                        -                        -                        -                        50,000,000           50,000,000          50,000,000          50,000,000            50,000,000               50,000,000          

 Aquaponics -                                       -                        -                        20,000,000           40,000,000           60,000,000           80,000,000          80,000,000          80,000,000            80,000,000               80,000,000          

 Mushroom farming -                                       -                        -                        40,000,000           40,000,000           40,000,000           40,000,000          40,000,000          40,000,000            40,000,000               40,000,000          

 Tropical fruit trees & permaculture  -                                       -                        -                        40,000,000           60,000,000           80,000,000           100,000,000        100,000,000        100,000,000          100,000,000             100,000,000        

 Apiculture (Beekeeping) -                                       -                        -                        1,000,000             2,200,000             2,800,000             3,200,000            3,200,000            3,200,000              3,200,000                 3,200,000            

 Total Income -                                       -                        -                        511,000,000         558,200,000         828,800,000         869,200,000        869,200,000        869,200,000          869,200,000             869,200,000        

 Salaries, wages & Commissions -                                       -                        -                        25,550,000           27,910,000           41,440,000           43,460,000          43,460,000          43,460,000            43,460,000               43,460,000          

 Specific materials, supplies, equipment, etc. for 

the projects 
-                                       -                        -                        25,550,000           27,910,000           41,440,000           43,460,000          43,460,000          43,460,000            43,460,000               43,460,000          

 Travel to perform work on the projects 100,000                               100,000                 100,000                100,000                100,000                100,000                100,000               100,000               100,000                 100,000                    100,000               

 Subcontracts providing support exclusively to 

projects 
-                                       -                        218,000,000         14,000,000           83,000,000           8,000,000             -                       -                       -                        -                            -                       

 Total Direct Costs 100,000                               100,000                 218,100,000         65,200,000           138,920,000         90,980,000           87,020,000          87,020,000          87,020,000            87,020,000               87,020,000          

 Income tax -                                       -                        -                        102,200,000         111,640,000         165,760,000         173,840,000        173,840,000        173,840,000          173,840,000             173,840,000        

 Insurance -                                       -                        10,905,000           3,260,000             6,946,000             4,549,000             4,351,000            4,351,000            4,351,000              4,351,000                 4,351,000            

 Marketting, Advertiement -                                       -                        10,905,000           3,260,000             6,946,000             4,549,000             4,351,000            4,351,000            4,351,000              4,351,000                 4,351,000            

 Utilities  -                                       -                        4,362,000             1,304,000             2,778,400             1,819,600             1,740,400            1,740,400            1,740,400              1,740,400                 1,740,400            

 Administrative costs, General Supplies,office 

furniture &Equipment, communications 
-                                       -                        10,905,000           3,260,000             6,946,000             4,549,000             4,351,000            4,351,000            4,351,000              4,351,000                 4,351,000            

 Rents (places and equipment) 500,000                               500,000                 500,000                -                        -                        -                        -                       -                       -                        -                            -                       

 Spare parts -                                       -                        -                        3,260,000             6,946,000             4,549,000             4,351,000            4,351,000            4,351,000              4,351,000                 4,351,000            

 Depreciation  -                                       -                        -                        3,260,000             6,946,000             4,549,000             4,351,000            4,351,000            4,351,000              4,351,000                 4,351,000            

 Unforeseen costs  -                                       -                        10,905,000           3,260,000             6,946,000             4,549,000             4,351,000            4,351,000            4,351,000              4,351,000                 4,351,000            

 Total Indirect Costs 500,000                               500,000                 48,482,000           123,064,000         156,094,400         194,873,600         201,686,400        201,686,400        201,686,400          201,686,400             201,686,400        

 Total Operation Costs 600,000                               600,000                 266,582,000         188,264,000         295,014,400         285,853,600         288,706,400        288,706,400        288,706,400          288,706,400             288,706,400        

AllSolar Research Vessel 400,000,000                        400,000,000          400,000,000         -                        -                        -                        -                       -                       -                        -                            -                       

Laboratory -                                       125,000,000          125,000,000         -                        -                        -                        -                       -                       -                        -                            -                       

Atmospheric Water Generation onboard -                                       20,000,000            20,000,000           -                        -                        -                        -                       -                       -                        -                            -                       

Bamboo Forestry -                                       -                        10,000,000           10,000,000           -                        -                        -                       -                       -                        -                            -                       

Prefab/Modular housing -                                       100,000,000          100,000,000         -                        -                        -                        -                       -                       -                        -                            -                       

Wind Energy -                                       -                        50,000,000           -                        50,000,000           -                        -                       -                       -                        -                            -                       

Solar Energy -                                       -                        125,000,000         -                        125,000,000         -                        -                       -                       -                        -                            -                       

Wave Energy -                                       -                        100,000,000         -                        100,000,000         -                        -                       -                       -                        -                            -                       

Geothermal Energy -                                       -                        100,000,000         -                        100,000,000         -                        -                       -                       -                        -                            -                       

Aquaponics -                                       -                        20,000,000           20,000,000           20,000,000           20,000,000           -                       -                       -                        -                            -                       

Mushroom farming -                                       -                        10,000,000           10,000,000           -                        -                        -                       -                       -                        -                            -                       

Tropical fruit trees & permaculture -                                       -                        20,000,000           20,000,000           20,000,000           20,000,000           -                       -                       -                        -                            -                       

Apiculture (Beekeeping) -                                       -                        10,000,000           10,000,000           -                        -                        -                       -                       -                        -                            -                       

Company share investment 400,000,000                        645,000,000          1,090,000,000      70,000,000           415,000,000         40,000,000           -                       -                       -                        -                            -                       

Input cash flow -                                       -                        -                        511,000,000         558,200,000         828,800,000         869,200,000        869,200,000        869,200,000          869,200,000             869,200,000        

Output cash flow 600,000                               600,000                 266,582,000         188,264,000         295,014,400         285,853,600         288,706,400        288,706,400        288,706,400          288,706,400             288,706,400        

Net cash flow (400,600,000)                       (645,600,000)        (1,356,582,000)     252,736,000         (151,814,400)        502,946,400         580,493,600        580,493,600        580,493,600          580,493,600             580,493,600        

Accumulative cash flow (400,600,000)                       (1,046,200,000)     (2,402,782,000)     (2,150,046,000)     (2,301,860,400)     (1,798,914,000)     (1,218,420,400)    (637,926,800)       (57,433,200)          523,060,400             1,103,554,000     

 Cost, Income, Working Capital ($) 

 Holistic Cash Flow Diagram for Africa NUProjects 

 Indirect Costs 

 Direct Costs 



Conclusion 

With the NUVessel built and programs in place that utilize the above techniques and 

technologies the Natural Environment will become the focus for everyone in the world to 

recognize. There has never been a better opportunity for all peoples to wake up to what is 

taking place with the Natural Environment and make better choices as individuals, as groups, 

and as communities. The Natural Environment needs a lot of help and that includes people 

standing up and realistically getting involved. For those who are paying attention and want to do 

their part, The NUPresentation Foundation is ready and prepared to take on the challenge of 

bringing real guidance and a real education to the world. Whether someone wants to build 

boxes for bees to live in, make buttons, or design the software which will assist in navigating the 

NUVessel, there is something for everyone. 

 


