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· Abstract

Most developing government institution structures do not subsidize housing development, and many reconstruction agencies have argued affordable housing cannot be sustained without political support. I disagreed. Utilizing local material and straw bale construction techniques with modern technology tailored for the cultural conditions can attain affordable housing for the rapidly growing urban slums. 

· Introduction: --

This paper is done through the compiling researched data on low housing projects for the slums and e-mail correspondence with agencies that explores the integration of new technologies with basic local materials for cost effective for affordable housing for the poor living in urbanization slums in sub-Sahara. This paper will examine straw bale building the beneficial properties, low technology, and cost of straw, and straw construction. 

The social implications relating to urban slums are very sensitive issues, their innate human rights involved—complex components. These dwellers have been living and reproducing generations of families in this environment slum conditions, which has become normal. Although the complicity is the layers of different cultures dwelling in very close proximity practicing tradition differing from one another that causes social upheavals within the slum community.
 However, the slum issues share a common denominator cutting across different nationality and economies locally and globally.
 They have been in some way or the other been disenfranchised by their government not providing social services, such as law and order, sanitary, heath services when necessary in the slum communities. This is the broader context of the matter, housing infrastructure. It is one of the chronic revolving issues, which began right after their independence from colonial ruling.

Many of the complex issue are acquiring legal land ownership, a daunting task and property rights, social, political, and economic challenges are diverse. To annihilate these chronic slums, and guard against new residence in the future had to be done within international and national concerted effort.  The way forward is to bring together integral professionals and practitioners from different disciplinary backgrounds, specialist in the knowledge and in urban and city planning. A body of Governments, NGOs, international community, financial institutions, academics drawing from different perspectives, approaches differing from the past trajectory on reconstructing and building new community for the better livelihood for these poor dwellers.

· Urban Slums 

According to United Nations report in 2008, “The Slum Challenge” one billion people are living in slums or slums conditions. Within just 30 years, cities in developing countries will triple their entire urban built-up area, generating the same amount of urban area as the entire world had cumulatively generated by the year 2000.
 The UN reports stated that by 2050 the number would balloon to 3.5 billion slum dwellers. Out of the global total population of a rough figure of 6.5 billion. The numbers are expected to increase more than 325 million by 2020, more than the current population of the United States of America.
 While keeping in mind the magnitude of the existing situation, consider the future challenges posed by urban expansion.
 

UN Habitat defines slums as “place of residence lacking one or more of five things: durable housing, sufficient living area, access to improved water, access to sanitation and secure tenure.”
 The higher percentage of slums will be in the sub-Sahara, Totaling more than 166 million people in 2001, slum dwellers made up 72 percent of the urban population in Sub-Saharan Africa.
 Where the government does not have adequate housing infrastructure to meet the demand. The UN definition is very narrow, it does not address the myriad of social issues, abuses, high crime rate, drugs and alcohol abuses, and economic despair, open sewage breeding sickness and disease and mosquitoes, flies, these characteristic are similar globally in all slums. (See figures below) 

To meet the population exponential growth demands that the government and non-government, local and international, and donors need a smart and forward approach to reconstructing housing program that meets today economic stress. Amongst myriad of issue needs address, land allotment, land ownership are salient issues the host government needs to pass legislation addressing the problem as it was in Europe and America. England passed the first legislation for building low-income housing to certain minimum standards in 1851; laws for slum clearance were first enacted in 1868.
 Similar “proactive measures” had to be the trajectory for developing governments, measuring considerably more effective, affordable, and easy to locally implement than are “retroactive measures”.
 

Mumbai in India is considered the most populous city of about 6.5 million figures showing that of its total 12 million people live in slums.
 The slum population of this single city is larger than the national population of Norway.
 These alarming figures do not stop just Africa and India, cities across all Asia, Latin America, and these poor population are engaged in every day struggle for survival and maintaining the little dignity they have left. To give emphasis to the magnitude of the challenge or the serious implications of ignoring it is the denying political power and continuing commitment.
 The political commitment would be the beginning to the solutions to slums. The materialization of slum dwellers is the several generations of overlapping ill ruling of government forces.
 Conversely, slums are the physical manifestation of deep poverty, unrealistic regulatory frameworks, frequently associated with the new independent nations ill drafted conceived policies, weak institutional capacity, inadequate urban planning, and larger IMF and World Bank factors.
 But on the other hand, slums are a manifestation of the inventiveness and resilience with that extremely disadvantaged populations had organized themselves in the face of these very challenges.
 The lives of hundreds of millions of slum dwellers are threatened by the lack of access to affordable housing because of high cost of construction materials and to the most basic human requirements: water, sanitation, shelter, health, and education.
 The nature and extent of the daily challenges created by existing slums condition are not just discouraging, they are life threatening.

The metaphoric approach of the three pigs in their three houses story, whereby the surviving house was brick masonry is too expensive on the economics of ecology and environmentally unsustainable method to continue. The current housing construction method is bearing a heavy weight on the ecosystem. Revisiting the more earth friendlier constructing homes method whereby we reciprocate, and become a good stewards and husbandry of our environment with more clearer and succinct adoptive and beneficial approach. Building with straw bale is a smart way to build. 
Underlying principle is to develop a system in response to local climatic conditions and availability of materials at a low cost for self-maintenances. Organizing communities to build collaboratively with nature and fashioning the buildings after their environment and climate has always been the traditional system keeping customary societies revolving and economically beneficial. Their limited material although very traditional harmonizes with nature therefore the impact to ecosystem is minimum. By using these building traditional principles to succor sustainability, livelihood betterment of the current generation while teaching the future generation accountability. Integrating advanced low cost technologies to give attractive outlook and local materials for self-sustained housing project and affordable. 

· Energy Consumption.

With the current environment conditions developers are challenged to build with eco-friendly materials for constructions. There is no shortage of ideas out there, from practical illustration about how this might be done to high-tech smart houses, which use the latest ‘modern’ gadgets construction methods that carefully monitor and adjust energy use in homes, to more low-tech solutions such as correlated board dwellings made of recycled consumer waste. Recently New York City housing and development had proposed to promote new social accommodations with shared neighborhood facilities to promote social capital and cut resource use.
 When comparing the activities and energy usage consistent with architecture challenge 2030 survey done in 2011, the transportation figures of 33.4% of CO2 emissions to the building sector consume nearly half (46.7%)
 of U.S. CO2 emission in 2010.
 Coal is accountable for 80.4%
 of the CO2 emissions produced by electricity generation over a third of total U.S. CO2 emissions, natural gas 17.6% and petroleum 1.5%.
 We use over three-quarters (75.7%)
 of the electricity just to keep the buildings we live and work functioning every day. 

Burning fossil fuel in buildings is responsible for 50% of collective carbon emissions in U.S. buildings alone, a massive contributor earth’s environment disaster.
 The released air is dirty with particles and carbon dioxide (CO2) the leading cause of global climate change.
 

We face future with uncertainty in our current environment diagnoses. We will miss great opportunity if choices in material selection continued to focus narrowly or exclusively on the tradition methods of construction.
 We cannot reverse damage already done to climate warming, toxic waste, and quality-of-life “inequities endanger” our very existence, but it certain that we can slow down the pace—behavior change.
  Rethinking cycles of output and input, but also in reducing emissions, we have to monitoring and evaluating our day today operations builder attributes to the greenhouse gas emissions.
 Its human behavior the more we have the more we consume, developing nation households uses energy available to them, this is controlled by how much they can pay upfront. Therefore, consumption is less by the households.
 The readily available daylight energy is what most depends on in these sub-Sahara areas. Therefore it makes sound decision more convenient choice to use the solar technology available to conserve and reserve as much as possible to our advantage by integrating low cost passive solar system into these housing. Passive Energy: Integration of sustainable technologies are being used in buildings even low cost technologies in low cost housing project for the villagers who amount to the higher percentage of the urbanization slums.
 

The thermal properties of earth also make it well matched to passive solar design requirements in many climates.
 

This low technology can also be use to warm up water during the cool season instead of using the charcoal or wood burning, eliminating tree cutting and reducing the market for illegal lodging.

· Straw Bale Beneficial Properties and Cost:
The methodology with which I collected my information is through analyzing other scholastics writing and case studies because of my limited access to the physical construction of straw bale site Its been universally agreed upon by those constructors and straw bale dwellers that the benefit out weighs the conventional housing constructed materials. 

It been said that necessity is the mother of invention, one hundred plus years ago, the ordinary people who develop the “Nebraska Straw Bale load bearing house walls”,
 using the resources they simply already had, “straw and the new horse-drawn straw baler.”
 Their motto was survival; the group inventiveness led to a sustainable and non-polluting singular model housing production. These houses are still functional and in use. The system had been practiced in the plains states from the late 1800’s and early 1900’s.
 Some of these structures remains and functional till this day. 
Various designers and architects has been applying the technique to homes, farm buildings, schools, commercial buildings, churches, community centers, government buildings, and airplane hangars.
 Concurrently, engineers are researching ways to simplify and streamline the Nebraska Straw Bale wall building method, make it even more resource-efficient in material.  The objective goal for these engineers is to encourage the use of straw bale construction by ensuring enduring performance, strength, and substantial market and properties of this ‘waste’ material globally not just Nebraska.
 “Their studies and conclude [d] that straw would only deteriorate when the moisture level exceed [ed] about 25% (of dry weight of straw)”.

In regards to the production of these products when comparing it to fiberglass, straw bale take little energy to produce, it is recycling a waste product for farmers.

. Straw is an annually renewable natural product, grown by ‘photosynthesis’, fuelled from the sun.
 The State of New Mexico conducted tests confirmed that plastered straw bale walls are less of a fire risk than traditional timber-framed walls.“ ASTM International (ASTM), originally known as the American Society for Testing and Materials, is an international standards organization (ASTM) tests for fire-resistance have been completed.
  The results of these tests have proven that a straw bale infill wall assembly is a far greater fire resistive assembly than a wood frame wall assembly using the same finishes”
.

As a thermal straw bale has excellent insulation properties
 for acoustics benefits doctor B. King (Ed.), ‘Design of straw bale buildings, Green Building’ stated that it has excellent sound insulation qualities.
 The low energy production process of straw when compared with other building materials is much beneficial to the environment; straw impound carbon dioxide (CO2) by photosynthesis (carbohydrate production using light and chlorophyll), thus reducing atmospheric CO2.
 (See photo figs, 1 & 2 illustrations below). The field study was done in May 1997, in Quebec's Outaouais region, located north of Ottawa.
 Building with straw bale not beneficial only for the developing countries. The Canada Mortgage and Housing Corporation had conducted “pilot study of moisture control in stuccoed straw bale walls.”

As an excellent insulator the straw bale has proven to have about the ratio of 40.
 The thermal benefit is that the walls are very thick and aesthetically pleasing an equivalent wood frame wall would be very expensive and waste of trees. 

Ironically a finished straw bale walls due to the thickness and density has a better fire protection rating than conventional wood-frame walls.
 They are resistant to earthquakes, high wind of 145mph from hurricanes.
 Lastly farmers will not have to burn them to pollute the air quality for about 80% of the straw bale are burned after the grain harvesting.
 

For the plastering interior and exterior, readily available locally found clay and sand with lime plasters. 

Effective as a structural material for roofing will be bamboo or tall grass for thatching both are locally found and wildly grown in most countries. The bamboo and wire mesh is used to reinforce straw bale, they are cheap and has rapid growth rate they can be harvested several times within a year, and they are strong. By using the bamboo or tall grass, will help offset deforestation and illegal lodgings. 

The remaining production of straw regarded as a waste product currently meets the demand. Straw bale construction uses baled straw from wheat, oats, barley, rye, rice and covered the walls with earthen or lime stucco.
 Building walls with straw bales can be accomplished with unskilled labor, meaning free volunteers and neighbors can participate and the low costs of the bales make this technique economically attractive. Traditionally 
straw bale are a waste product which farmers do not use until under the soil, but do sell as animal bedding or landscape supply due to their durable nature. The revival of interest in stuccoed straw bale building construction today is motivated by the realization that it’s resources is much more efficient. The focus of the case study centered on renewable resources, energy resources and wastes, and thus to a great extent polluting less; the catchphrase is of course sustainability.

The necessary logistics to put them in bale format for construction is not readily available in most developing countries. Transporting them will increase the cost to the disadvantage of the slum dwellers, but Pakistan where PAKSBAD and NGO are building with straw had designed their own hand operation methods to fabricate the straw bale into a workable shapes.
 They are easy to stack therefore, unskilled laborers can access with minimum supervisory.

Affordable Cost: 
Think for a moment the cost factor, for three (3) bedroom house is quiet inexpensive can be built with 400 bales, which costs $970.00 compared with a material cost of $16,168.00 for a brick and block wall.
 A fraction of what would cost the conventional home. Straw bale costs on average $2.43 transportation surcharge and costumer pickup costs 65cent from the field.

The most significant saving on straw bale houses is in the long-term fuel reductions due to the high level of insulation.
 Compared to modern style housing, heating costs can be reduced by up to 75% annually, and accruing savings throughout the building life cycle.

The wood frame construction is consuming the forest resources and at this point stands questionably its sustainable benefits clearly the most successful system based on renewable material is the straw bale. “The forest product innovators have been responding for decades, striving to assure sustainability and "value added" profitability by getting much more house from any tree, including what were "weed trees". The new method then was “all take the form of "reconstituted wood composites that yield more from less”, but all at a price in terms of energy, money and “pollution.”

The other salient issues that must be addressed globally because it is human rights issues is the rapidly population growth. Because of the ever-increasing housing material and building costs, the straw bale method for constructing has recently been resuscitate as a low cost alternative way for building. 
· The Inherent Challenges of Straw Bale Material for Construction:

The organic nature of straw bale as material for housing construction carries inherent particular hazards within the framework dwelling. ‘The possibility of     bonfire, straw is inherently flammable, rodent and insect infestation, straw can contain protein and energy component of dietary, which can sustain life. Decay under the right environmental conditions straw is subject to both aerobic and anaerobic decay. Structural instability, straw bales have low compressive and flexural strength and stiffness.’
 

Another limited use of straw bale for construction, it can only be use for 2 story high homes with reinforced coupling beams method is feasible, for multi complex dwelling is very speculative at this moment.
 The technique, engineers and technology have not developed to the level of building apartment complex with straw bale material.

· Why This Interest Me & What is At Stake: 

 My interest in straw bale housing have been explained in previous pages already, its is sustainable properties for construction, affordable for housing, and a widely available material, earth friendly for constructing houses. Unskilled laborer can participate. Earth is the most important building material, providing housing for the majority of the world ‘s population, which is available everywhere and affordable. 

The cost of these buildings is extremely important, it’s a community’s initiative, thrift, and ability to organize and turn local resources to advantage to meet the basic human need of housing. The actual building program will be self-help, with technical assistance; owner built housing, unless the head of household is single mother. It is control participation, meaning the government is not building the housing project for them. The operation will use local resources in small groups to continue the tight knit community in tradition. In most developing countries the housing system are not subsidized. Neither do the government provide building regulation for the developer to build standard affordable housing. Therefore, most dweller cannot afford what the independent developer builds. The more affordable, the more donors will be attracted and the more the straw bale housing can compete with conventional methods of building in the market. 
· Continuing This Research In The Future:

Ironically, I found out during the research that England, Germany, in America, the Navajo people located in parts of Arizona, New Mexico and Utah a community of about 200,000 where the largest construction of straw bale home U.S.
 

First I hope to make contact with the community leaders. I plan to visit one of these locations, for about a weekend and speak to the dwellers community if possible, the experience pros and cons about becoming straw bale homeowner. I will visit actually construction sites I’m not sure where yet I have place volunteer ads and sent e-mails for participation. I’m waiting on responds from the various builders and practioners. Plan to complete the research by spring, and hope to walk away with much depth of knowledge in all components of straw bale construction process.
Nairobi, Kenya
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Slum in Manila the Philippines


Figure c. d. Straw Bale home, Virginia

This grand straw home is the brainchild of Bob Hanson, who owns the company Green BEES, an acronym for Green Building for Economic and Environmental Sustainability. The home only uses an astonishing $20 of electricity per month.
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Fig. e. Straw behind a rendered wall kept in high moisture conditions.
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Fig. f. Media centre in Bristol constructed using ModCell pre-fabricated straw bale panels.
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