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Summary

The Habitat Research and Development Centre hasdperational from April 2004. The
building design for the Habitat Research and Dgvalent Centre aims to initiate and
demonstrate the activities of the centre in itssbauttion. The presentation will review the
various strategies pursued to achieve this aimimnmarticular the lessons learned in the
construction and operation of the Centre from Ap@&i04.

1 Introduction

Housing is a pressing need in the country due pi@ rarbanisation and the poverty of the
majority of the population. The Habitat Researcll @evelopment Centre (HRDC) is
result of a venture to establish a centre for nesemto sustainable housing with a focus
on environmental appropriateness. The client pestrage the Ministry of Local and
Regional Government and Housing (MRLGH), the Mymatity of Windhoek (CoW) and
the National Housing Enterprise (NHE), the lattezinly the parastatal tasked with
addressing the housing problem.

2 The application of sustainability principles
2.1 Passive solar principles

The primary climatic concern in Namibia is heatr-éonditioning (for cooling) is now the
norm in conventional office-buildings, but few hiiigs are heated, as the cold period is
short and winter days sunny and warm. The desigs &imed to create a cool building by
using passive solar principles, although comfortirdu the short winter was also
a consideration.

375



CESB 07 PRAGUE Conference
Session M4B: Building Design 2

2.1.1 Appropriate orientation

The main forms are elongated along the east-wastaad shortened on the north-south.
Buildings and main openings are north- (equat@e)nfy, with the office wing angled 25 °
east of north to allow early morning winter sunvtarm interiors. Openings on the east
& west facades are restricted to narrow shadedicaérslits, but these walls are
predominantly solid.

2.1.2 Natural ventilation

Cross-ventilation was provided by placing openidigsctly across each other. Inland wind
speeds are low and obliquely set openings do ndt well. Ceilings were fixed above the

roof structure to allow a higher internal volume,tkat the layers of rising hot air would

accumulate above head height. Clerestory windowe westalled at the central apex to
allow the escape of rising hot air, which is eneg@d by the upward slope of the ceilings.
Each workstation has individually opening windowsatlow personal control over breeze
required.

2.1.3Interior-exterior interface

Walls are shaded by large roof overhangs, angledlltav in winter sun but exclude
summer sun. Overhangs include extensions of thibdr laths to provide a latticed shade
effect. Walkways to offices are shaded with timpeles. Courtyard spaces are planted and
exterior indigenous vegetation retained to creatding through evapotranspiration, very
effective in the dry climate. Windhoek lies withine tropics and it was crucial to shade
the southern side, as summer sun moves over teothtd from October to March, at solar
noon 4 degrees south of the apex.

2.1.4Thermal capacity

Wall-fabric is solid masonry, punctured with indiual windows rather than ribbon
fenestration. Walling materials are generally afrhihermal capacity, such as compressed
soil-cement bricks, stone, etc. Floors are floapedished concrete surface beds, uncovered
to cool occupants through the radiation effectvigerareas form mass thermal buffers to
east and west, reducing the need for openingsesetsides.

2.2 Energy efficiency, renewable energies and services

2.2.1Energy efficiency

Strong emphasis was placed on energy efficienctheagenerative potential of the Centre
iIs small compared to the potential savings in condion. Passive methods employed, in
addition to those discussed above, were:

Lighting

= Window openings maximise day lighting and the suitedows and central clerestory
distributes daylight equally. Lights only need ®switched on at night or on the about
ten overcast days a year.

= Curtains in a translucent white calico limit glam@ computers without needing artificial
lighting when drawn.

= Arched windows with straight curtain-rod below deea “fake” light-shelf to allow
more distribution of light to the interior.

= Artificial lighting is task-orientated and individuswitching is provided to reduce
consumption after hours when only one or two peapteworking.
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= All light fittings are low-energy fittings (fluoregnt or compact fluorescent).

Cooling
= A low energy evaporative cooling system is insthfier the offices and a passive
downdraft evaporative cooling (PDEC) system forghblic area.

Appliances

Water heating for washing up in the main kitcherbyssolar geyser. Boiled water for
beverages in the office kitchenette is produceamyn-line boiler with insulated tank (the
most efficient small system available). Refrigaratis by highly insulated zero-CFC eco-
friendly electrical fridges. The main kitchen walso contain a gas stove, intended to be
powered by bottled bio-gas produced by the locataljural college at Neudamm outside
Windhoek. A wide range of solar stoves being tesied promoted by the R3mill also

be used by the main kitchen. A large modified tiadal farm-cooler was built for storage
and cooling of fresh produce and beverages foelaxgnts

2.2.2Water consumption and sanitation

As it has to be pumped from the main storage damomtBach, 70 kilometres away to its
destination in the higher hilly surrounds of Winékpwater has a big impact on power
consumption. It is of course scarce in a desernitgulike Namibia and cannot be
excluded from any discussion on sustainability.8alvstrategies were employed to save
water:

Sewerage

All toilets are dry self-composting units and diffat patent ones were installed for
demonstration and testing. The types of toiletslusdhe public ablutions to date are the
“Enviroloo”, the “Eco-san”, a local builder's “Codrawer” design and another type
specially developed for the project.

Water supply and drainage

Though water consumption is far less than in a dmimecontext, care was taken to
demonstrate a wide range of water-saving optioristafds are fitted with water-saving

aeration devices which can be fitted to existingnigs and the public ablutions with

demand taps. A demonstration shower is locatechénpublic ablutions for use by the

maintenance staff and waterless urinals are fitta@y water from sinks and basins are
drained through home-made filters for irrigation.

Rainwater collection

Roof-water is collected and stored in stacked ratewtanks to serve cooling systems as
well as irrigate gardens. As rainfall is restrictech short season and tanks very expensive,
we could not supply capacity for the yearly demamat, compromised with a domestic
water connection for back-up. The standard plasater-tanks are elevated in towers to
create pressure and are shaded by timber polenscteereduce the effect of the strong
local sunlight on the material.

! The Renewable Energy and Energy Efficiency BureaNawhibia.

2 The construction consists of two honeycombed skinfired clay brick with the cavity in between did with wire
chicken-mesh and filled with invader-bush charctdhter drips into the cavity from above to peroslttirough to a
channel below and gathered into a small pond vatarpump which recycles the water to the top.
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Landscaping and irrigation

Indigenous vegetation was retained and additioaatildcaping use locally indigenous
plants well adapted to the soil and climate, negdimigation in the first year of

establishment only. The landscaping is irrigateaimfrthe Windhoek Municipal semi-

purified system as well as the overflow from aiclog and rainwater collection.

Water source

The city relies on underground water for its maup@y and landfills are threatening to
contaminate the aquifers. By using materials ndgmdumped in landfills in the
construction of the building, for instance for nrakiroof insulation, or as walling material,
we hope to reduce this threat by reducing the amafuandfill.

2.2.3Renewable energy
Renewable energy options were limited due to tigh B5% frequency of calms and low
average wind speeds of around 10 km/h in inland iNiam The coast has excellent
potential for wind-energy generation.

By contrast, Windhoek’s average solar radiatior6db 6.2 kWh/m2/day and 8 to
9 average hours of sunshine per day makes it ahweaue for solar power generation.

Photovoltaics

A grid-connected solar PV system feeding in on pinase will initially be installed in the
first urban use in the country, and a solar phdtaiwarray of 4.5 kW peak (at a cost of
about NAD 250,009 should generate enough power to supply a paheotentre’s needs
as well as provide excess power over weekends afidajis to feed back into the
municipal grid. It was the maximum we could affatdabout 2.5 % of the project budget,
but the design allows for a future total of 6 agrdmetween 4 and 6 kW peak which will be
feeding into all three phases.

The value of the current installation lies in pierieg grid in-feeding. The planning
process has already raised awareness at the labalrigy of the potential for solar power.
The solar engineer has had extensive discussidistiae utility department in order to
overcome natural aversion to the unknown.

The main issues that came to the fore were:

= Safety aspects and protection

= Metering approach (absolute vs. relative metering)
= Quality of supply

= Tariffs (if any)

= Future regulatory issues

In order to demonstrate dual function possibilitigee original idea was to install solar
panels on all the walkways and north-facing rooérbangs, but this intention had to be
curtailed due to the high cost of the cells. Termapprtimber laths for shading were
installed on the support structures to providerinteshading and complete the construction
until funding can be obtained for about NAD 1, Sliom to complete the photovoltaic

provision.

3 Information supplied by Axel Scholle of Emcon Coltisg Engineers, the solar engineer of the project.
4 Namibia is part of the Rand Monetary area and camilian Dollar ($NAD) is equivalent to one Southrigén Rand.
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Solar thermal

Potential for solar thermal is high, with the teclugy less complex and expensive than
photo-voltaics. For the poor, though, even a NABDQ, conventional electrical geyser is
too expensive to install, and a NAD 12,000 solaysge is merely a sick joke (the

equivalent of a year's wages for many people). dlar geyser installation is thus aimed
at a middle- to high-income audience and commeragdrs, but cheaper low-tech

alternatives should be developed.

2.2.4Embodied energy

Much has been written about the embodied energyadérials in the construction context.
The principles of using materials with low embodiedergy in all its facets (origin,
manufacture, transport, construction, re-use vedmamolition, etc.) were all considered
integral to the choice of a material or construtticethod.

Though this will not be enlarged on in detail, Hasic rule followed was to choose:
= |ocal or Namibian materials as far as possible

= re-cycled or waste materials to be re-used

= unworked or materials close to their natural state

= |abour-intensive methods rather than full factorg-fabrication.

2.3 Appropriate building materials

2.3.1Walling

Load-bearing structures were mostly used, as franteinfill structures rely on expensive

timber or steel and thin-skin infill is unsuitalfte climatic conditions where thermal mass
is desirable. Timber is also a scarce resource motlmanaged plantations in the country
and deforestation becoming a problem. The variétwalling systems used focused on
high labour content and local materials rather tfamt-track pre-made systems imported
from afar.

Compressed soil-cement bricks

The Namibian—invented Hydraform system uses an on-site mixer and hydraul
compressor to make cement-stabilised soil briclssth& available soil had no clay content
to act as binder, 6 to 8 % cement was added, pnogllicicks of about 4 MRaThe bricks
are profiled and interlock when dry-stacked withanbrtar. Soil was sourced from
a stockpile at Otjomuise, 4 kilometres away, as dbg on site was contaminated with
mica, a common problem in the Windhoek area.

Recycled cement bricks

Cement bricks were reclaimed by hand from builddggnolition rubble dumped by the
Municipality next to the site. They were cleanethgaunskilled labour on a cost per unit
basis. Though a cost-effective source of bricks, the am@f rubble available in the city
is too small for a large building, but it may badéle for houses and small additions.

5 By Terrasol , although the patent was sold to at8éfrican company

¢ Although local building regulations require wagjimo be made from at least 7 MPa units, the stratengineer (Rolf
Trossbach of Buhrmann & Partners), calculated that lbads on the Hydraform were maximum 1 MPa on the
foundations, 4 MPa thus being more than adequatéthstand the load.

7 The mica creates microscopic slip-layers thatrfate with the binding of the soil particles.

8 The contractor paid 40 to 60 cents per brick wageenew cement brick at the time cost NAD 1, 20.
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Sun-dried clay bricks

Sun-dried clay bricks made by the Namibia Clay HoBsoject have been used to build the
public ablutions. Although clay has to be broughtii is valuable to demonstrate the use
of these 300x300%x100 mm bricks that have been tesedccessfully construct over 200
self-help houses in Otjiwarongo.

Charcoal-fired clay bricks

Stock brick quality clay bricks are now being proéd in new ventures by two Namibian
companies These are an alternative to the ubiquitous cernecks. The products create
employment with labour-intensive production and tharcoal used to fire the bricks in
Otavi is made from invadeAcacia mellifera® and Dichrostachys cinerea bushes.
A scientific assessment of the embodied energynwisbeen done yet. The structural
qualities are excellentand the bricks thus used for the multi-storeyieastof the project.
The walls are not plastered, giving a warm textuettish look and demonstrating that
plaster is not required in the dry Namibian climate

Rammed earth

Rammed earth using the same constituents as theaftdyeh was used for the exhibition
hall. Sample walls built on site have shown goallts with a 4% cement addition to the
soil, whereas pure soil was too friable. Wall s&tdi with 4% cement were built as load
bearing, with 2% and 0% mixes alternating as irgdinels. The walls were constructed
with a re-usable steel shutter and the compacme ¢tby hand-ramming.

Tyres

Tyre walls for archive storerooms were built ustegrthship” techniques, filling layers of
tyres with compacted soil Old tyres cannot be recycled in Namibia as thantjties are
too small, but create landfill problems. Walls argplastered to demonstrate the system
and interior walls painted white for light reflemti. The sheer solidity and thermal mass
has been so successful that spin-off constructi@iready happening. Tyre retaining walls
for terracing were also built and the system isnsgaing to be used in squatter settlements
to stabilise eroded embankments.

Rubble gabions

Wire basket gabions filled with concrete rubble nfrodemolitions were used for
a retaining-shading wall for the offices. Gabiorskets are usually imported from South
Africa for civil engineering projects and filled thinatural stone, but workers were taught
on site to make them from fencing wire with plier§he building industry generates a lot
of concrete rubble dumped in landfills. This wadlshproved to be immensely successful

? respectively 350 kilometres north and 250 km safittindhoek at Kombat, Otavi and at Mariental

10 Locally known as “Swarthaak” or “Black Thorn”

11 “Sickle Bush”

12 Averaging 20 to 25 MPa.

13 Walls are 400 mm wide to allow access for rammasgwell as provide the required strength for the 4eight.
Shutters were 600 mm high and filled in six 150 roose layers each compacted to 100 mm. The surfaees
trowelled smooth after release of the shutter.

14 A percentage of cement was added at the foundatiohbind the very sandy soil.

15 The baskets were 1.2 m long (the width of a fegaiire roll), 800 mm wide and 800 mm high. The rigbblocks
were packed in-situ into the basket in three layeash layer being braced across the basket withiea(“bloudraad”)
hook before the next layer is packed. Once the amsrgot the hang of it (after one day), the cowsitvn went very fast.
More than 80 cubic metres of rubble was used tatera wall 40 m long by 2.4 m to 5 m high.
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with its striking appearance and virtually no cost.

Local stone

Mica was obtained from a nearby filling stationesfor outdoor balustrade walls. The

HRDC contractor sourced it soon after the concépfooind” materials was explained and

obtained several truckloads for free, as the fligtation contractor was relieved to have it
removed.

Sample walls

Sample walls for basic tests and demonstratiomeirgg built in the foyer using sandbags,
straw bales, cob, adobe bricks, limestone, glastilebp mortar & rubble, patent
polystyrene blocks and whatever comes to hand.€eTbas be demolished and replaced
should they prove to be unsuitable, but if sucegssiill be used to construct prototype
houses in pilot projects.

Screens
Various screening methods were developed for gotection and security.

Poles were cut by unemployed, unskilled workersnflgrosopis (mesquite) trees
that invade habitats in the drier areas on a lacgée. These were soaked in used motor oil
(insecticide and weatherproofer), and used as i&ré@m windows, gates and to shade
overhangs and water tanks. The poles were fixesetel support frames with self-tapping
roof screws, and on the shaded walkways, wiredh¢osteel frame, to be removed easily
later when replaced by solar panels.

Recycled metal panels such as oil-drum lids and veere used in designs by a local
artist, Hercules Viljoen, to make security gatesb@rglar bars for the reception. Used
cooldrink tins are wired together to provide a cofal and lightweight infill screen for the
main entrance pivot gate, while X-ray plates an&dd together to form an air-curtain for
the cooler door.

Planting will also be in the form of creepers areks for solar control, with specific
plants, like the Sickle Bush already mentionedhasny drought-resistant security hedges.

2.3.2Roof support structures
The intended second-hand steel pipes were chaongeztond grade steel, due to a lack of
availability on the project scale. The pipes areedusn various configurations to
demonstrate options from traditional trusses tglsishort-span purlins directly on walls.
Other materials demonstrated are brickwork vaaltpjn-jointed space-frame and a
short-span purlin-only system made from timber gpofgouth-African wrot pine trusses
were avoided, as transportation distances are [@wvgr 2000 km’s), the soft wood
deteriorates very quickly in the dry heat and téemiare a perennial problem. Most
termicides still sold in the country are organoetiiles banned under the Stockholm
conventiore, although more environmentally friendly ones avevravailable.

2.3.3Roof coverings
Several factors motivated the decision to use gated iron sheeting as the dominant
roofing material.

16 Such as “Chlordane” and “Aldrin”.
7 For instance Bayer Chemicals’ "Premise SC”.
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The long lifespan, lower initial cost and potentieéluse make it far more sustainable from

an embodied energy viewpoint compared to the ahailable materials — thatch and clay

or concrete tiles:

= Tiles need a stronger and heavier roof structurielwis more costly in a housing
context.

= The high fire-risk for thatch in an urban area wittquent lightning storms.

= Neither thatch nor tiles are dust-proof, a probfenoffice spaces in the dry dusty
climate.

= All three materials have to be transported to Wowkhfrom afar, with corrugated iron
the least weight and volume for the area covered.

= Corrugated iron is profiled from flat sheet neamdhoek, providing employment for
local people and expanding a limited industrialebas

= Rainwater collection from thatch is not possiblge do dirt and dust build-up, and not
as efficient from tiles as from corrugated iron.

= Corrugated iron is the easiest available and clstapaterial for low-cost housing
roofing and we wanted to find solutions for comnpsablems, such as heat gain.

= Corrugated iron, unlike easily broken roof tileande re-used almost indefinitely and
easily. This makes sense in an informal settleroentext, where ease of erection and
dismantling is crucial to a person without landuien

Test spaces roofed with micro-concrete roof-tilemdenby a CB® and thatch sourced
from the north of the country will be built to assehe above assumptions.

An experimental 6 m diameter roof will be made freheeting beaten out from cut
second-hand paint- or oil-drums, on top of the jpinted prosopis space frame, to
demonstrate the creative potential of found madtarieoofing large spaces.

2.3.4Flooring

Internal flooring

Wax-polished concrete surface beds were used fbicesf where dust control was
important and packed clay bricks on a sand bedh@rexhibition hall and lecture room.
Both finishes have high thermal mass and absorly thedt by radiation while being
hardwearing, inexpensive and easy to maintain.

Exterior paving

Waste mica stone was used with a clay bedding fayexxternal paving, interspersed with
gravel strips to allow immediate rainwater penérat Round boulders sourced from
debris from recent floods were used for “apron” eslground buildings to reduce water
splash. Cubes from concrete testing laboratoriekem&trong surfacing for ramped
roadways in the parking area and natural gravetesl to allow in-situ water penetration in
the flatter parking areas, yet retain dust. Thetreator was instructed not to “skoffel” or
clear the soil surface, as weeds, especially thactsas pioneers to stabilise soil and allow
softer perennial grasses to establish.

2.3.5Finishes
Surfaces were retained in their natural state wieengossible, to demonstrate construction
methods and the aesthetic potential. Where neemteddather and corrosion protection,

18 Community-based organisation
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water based paints and sealants were used to r@dllodon and for health reasons. The
soil-cement blocks are coated outside with a wa#sed clear silicate sealant against
water penetration. Several types of sealant wetedebefore this particular one was found
to be successful Two sealants were tested on the rammed eartls wahe same silicate
based spray-on sealant as for the Hydraform anldoflea by-product of the Namibian
seal industry. The latter proved the most successfterms of its penetrating quality as
opposed to the silicate which forms a rigid skiml dmeaks of when water enters behind.
The seal oil, though used traditionally, is notrses sustainable on a large scale, though,
and further experiments with prickly pear juices. etre envisaged.

Interior walls are lime-washed white to increase day-lighting effect. White road-
marking paint was used inside on the tyre wallstiier same reason. The corrugated iron
roof sheeting has an integrated metal “aluzinclishnon the exterior which is anti-
corrosive and highly reflective, reducing heat @ip.

2.3.6 Ceilings and insulation

Adequate insulation was a priority due to the rebéet’s thermal inefficiency. Several
proprietary methods are available in the counthycastly and thus omitted from low-
income housing. A material that could support wasimsulation types as well as provide
some insulating value itself was required and reeel® found to be the best option. Also
invasive, the reeds occur in seasonal riverbedsaema flood hazard, thus a free resource
for the poor.

Between the reeds and roof sheet we tested threeimsalating materials:

= Low-grade wool mixed with dried lavender leavesgtb as natural anti-moth agent)
was packed into second-hand feedbags.

= Waste polystyrene packaging was used in a simidgr at least 100 mm thick.

= Waste brown corrugated cardboard boxes were fladtand layered 60 mm thick.

2.3.7 Fittings

Windows and doors were second-hand from junk yandsdemolitions. Curtain rods were
from galvanised electrical conduit. Light fittindpades were from the perforated metal
tubes and the paper liners of used car filters @ad from waste metal printing plates.
Furniture was made from second grade steel andeshubard with thin reeds as infill
panels. Balustrades were made from steel poles twith second-hand rope originating
from the mining industry as infill. Sanitary fittys like sinks, hand basins and urinals were
sourced from auctioneers and junk yards, and framdibng contractors involved with
refurbishment projects.

2.4 Some technical lessons learnt

All of the materials and techniques discussed albagebeen “invented” elsewhere, but the
team did not have practical experience of the ndgthin that sense the entire project was
an experiment, with lessons learnt by trial andrerr

2.4.1 Hydraform
Sourcing the soil for a large project can be a j@mob Fortunately soil was obtained from
a municipal stockpile nearby, but if not availab#l, the ideas for soil-based walling

19 Sjliseal, a silicate-based water-thinned sprayss@ant locally marketed by BCl Namibia.
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methods would have had to change, as the sitevasihot suitable.

The Hydraform machine’s tester provided wildly ioaxate results. Eventually
special filler pieces were made to test the bricksa conventional laboratory, which
delayed the project by almost 2 weeks.

The lack of clay in the soil and resultant additadrcement makes it less sustainable.
A detailed investigation of potential clays couldt ibe done in time, but the next step
would be to compare the cost and energy implicatafimporting clay to the site.

Though not wet-stacked, the bricks were not corepletlry and the resultant
shrinking caused marginal opening up of the vdrjaiats. This was not a visible gap, but
the paint-on sealants did not penetrate it andezhusater-logging when the rains came
before the eaves gutters had been installed. THis Wwad to dry out thoroughly and
a spray-on silicate based penetrating sealantapplied externally.

We have found the Hydraform system, due to itdyfaomplex interlocking shape,
to be most successful on simple orthogonal shdpess very labour-intensive in terms of
cutting and fitting the individual bricks for congx designs such as our arched piers in the
library and fin walls in the multi-purpose room.

The machine was cost-effective on this projectugfioexpensive to buy or to rent,
and can thus be recommended for group housing lblgv&loper or contractor with
considerable financial capacity. However, it is tiotancially realistic for small-scale
builders or individual low-income owner-buildersttay or rent a machine, unless one is
owned by a NGO or subsidized state facility that @t it out at minimal cost.

Similar systems for simpler forms that are moresagle for complex forms as
a result as well as cheaper are now being investiga

2.4.2 Tyre walls
The tyre walls built at the HRDC were L-shaped tanpvith no openings. New structures
containing these should be built before the systambe recommended to others.

The contractors struggled with levelling until ttyees were sorted to the same size.
They overlapped by half and rods set in the foundatere used as vertical reinforcing,
probably unnecessary, but helped to keep the qyrig regular.

Tyres were cut in segments of one sixth with adgiand tied with strong 3 mm
wire between abutting tyres. This segment wasfdled with soil to prevent soil from the
tyre above leaking out. It also closed the gap betwabutting tyres that sometimes opened
up due to size irregularity. An additional beneaditthe smoother wall surface, easier to
plaster.

The main constraints for self-build housing would the grinder-cutting of the
segmented tyres and half-tyres needed at opengegsedhis could be solved by a “cutting
service” added to a design service to help caleukquired quantities.

The fire risk was often queried, but according e ¥WWindhoek Fire Brigade, the
tyres will not burn unless a fuel like oil or pdtr® added and set alight, and the compacted
soil in the tyre should smother any flames origim@thus from the exterior.

The tyres were painted internally with white PVAn Gome the surface was
saturated with oil and black stains kept appeatimgugh the white paint. In these cases,
road-marking paint was successfully applied.

2.4.3Timber poles and reeds

Only young trees or previously chopped (effectivebppiced) trees had straight enough
branches for poles. Should the invasive prosopis the eradicated or just cut back to
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sprout again? In view of the invasive nature of thees and their extreme use of
underground water, a more sustainable indigenorssoreshould perhaps be found.

The poles were small, ranging from 30 to 75 mm @&mand were therefore only of
limited structural value.

The poles used internally in the archive “brandsdid ceilings were not treated
with oil as no insect attack was anticipated in¢batained interiors of these rooms. Little
piles of dust below the poles soon showed otheraigkit was discovered that the reeds
used for the ceiling harboured a borer insect. fgeels already installed thus had to be
fumigated with a pesticide, which, although desadlitnarmless by the manufacturer, does
not fit in with the ethos of the project. A moralste, less toxic insecticide is now used to
fumigate the reeds inside a container before use.

The Museum of Namibia's entomologissuggested that a traditional method of
charring the green prosopis poles over a slowifiseead of debarking and soaking in old
motor oil, will create an effective insecticideths active ingredients in the bark are driven
into the wood a permanent insect deterrent.

2.4.4Dry stone walling

The undressed stones presented problems for anlledsworkforce and a lot more
cement was used in the inside than desired. Stakeiwan art and the HRDC will train
future workers over a longer period than the cant#owed for.

2.4.5The “Enviroloo” and other toilet systems
Both the Enviroloo and Ecosan are integrated prafated units imported from South-
Africa and thus costly. The Enviroloo installed leapersistent urine smell surrounding it.
We are currently experimenting with vent inlet atimney length adaptations. The Cool-
drawer has a prefabricated composting tank requiairforklift to move it and thus not
easily installed. Though suitable for institutiomald developer-driven projects, these three
patents are not ideal for self-help housing amaladost in-situ design is being developed.

Provisionally named the HRDC toilet Mark I, it wide tested in the public ablutions
and relies on an in-situ brick built composting kamith two wire baskets lined with
container bags made from polyethylene feedbagsvantlated by an exterior chimney
with rotating self-propelled wind turbine extractdve are still testing the effectiveness of
the sealant used on the inside of the tank, bupdiential advantages are: construction by
local semi-skilled people using locally availablaterials, upkeep and servicing by the
users, lower costs and scope for improvement.

A constraint is the availability of a suitable @dilpot — the dark grey polypropylene
models do not promote easy and regular cleaningyedas the only white porcelain model
available is made on an exclusive licence to Etatro

Soecial acknowledgement to Ms. Nina Maritz, Nina Maritz Architects, The architect for the
Habitat Research and Development Centre for information and data provided.
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20 literally “fire attic”, traditionally built in CapeDutch thatch houses
21 Eugene Marais
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