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EXECUTIVE SUMMARY

The project was launched off September 2003 and is based on a project visieaten in
1996 —DARLING SEES - the Darling Sustainable Energy and Employment Seheithe
British High Commission initiated the support oét@limate Change and Energy Programme
of the Global Opportunities Fund.

The objective was to produce a comprehensive design plan forrémewable energy
education, training and visitor center, to be ledatear Darling, Western Cape, South Africa,
supported by a business plan. The design will ke&l us construct the center with private
sector funding on the back of the Renewable Enargly Energy Efficient project (REEEP),
the South African Government hosting of the WorlthitWEnergy Conference in November
2003 and the SA bid to host the Solar World Corgne2007.

The keyoutputs have been a comprehensive design plan that wastakee byFagan
Architects, Kouga Consulting Engineers, Jongens Keéeé\coustical Engineers, Plantech,
MC? Consulting, Eco Logicand theOelsner Group.

Edward Cullinan and Associatesin London were initially employed to undertake a
feasibility study. The resulting sketch design wadewed locally and redesigned due to the
re-siting of the building. Sketch plans incorporgt natural ventilation system,
environmentally appropriate structure and acoulffiemgineered auditorium were completed
as well as the development of design with all ctiasts. Presentation drawings were
completed and two models were designed for the 8Wfind Energy Conference. These
were exhibited at the Conference held in Cape Tovkovember 2003.

An exhibition of models and accessories used atWloeld Wind Energy Conference have
now been installed at a room at the Darling offioe®elsner Group to continue introducing
the project to the public and attract sponsorspngect participants.

Drawings were submitted to the Land Surveyor tesaggth Land Use Departure application
and Environmental Impact Assessment requirementee application is in process with the
authorities and final results still outstanding.

The nature and detail of indoor exhibits is onette most important but still very vague

components of the total project. This is fully dadent on participation of government and
learning institutions and private sector involvemencrucial for long term fixed revenue

prospects. Subsequently there was further reseagcired to complete the business plan.

Renewable Energy is one of the most important comapts of ecological, sustainable
development, which has to be applied in the contédxbalancing economic and social
activities with demands on protecting the environtneDemonstrating wind turbines on its
own, would not achieve this. It is only when ormanbines renewable energy applications
with a visitor centre and caring for the surroumdiandscape that one achieves its true value.

To accommodate the centre, 20 hectares of Windferek has been demarcated. The land
has been severely degraded by ploughing actiatesgrazing and will be rehabilitated with

local indigenous vegetation. The little streanusrently choked out by invasive bull rushes —
will be cleared out and replanted with a diversityocal reeds and sedges. The rehabilitation



process will take 6 to 7 years and will be docureéndtn an ongoing basis and used for
education and training purposes.

The centre is located in the West Coast regionchvhies within the Cape Floral Kingdom

and harbours some of the most threatened vegetagmes globally, including Coastal

Renosterveld and Sand Plain Fynbos. In the cadReobsterveld, less than 10% of the
vegetation type remains and only 1% of Sand Plgibbs is under formal protection (e.g. in
nature reserves).

Windhoek Farm is situated in the transition areatled newly proclaimed West Coast
Biosphere Reserve (WCBR). It can therefore plapla m educating the public about the
importance of sustainable development and WesttGsmges such as water conservation, job
creation, poverty alleviation and the value of lingal flora and habitat conservation, thereby
supporting the aims of the WCBR.

The rehabilitation approach to landscaping dematedra conservation and sustainability
ethic, which falls squarely in line with the objeets of the Darling Wind Farm. It will
demonstrate that it is possible to landscape alarga with a large diversity of species,
forming an attractive landscape without using magdewater, compost and other imported
resources.

The demonstration farm will include a bird clinegmposting displays, an organic vegetable
garden and fields of energy (bio fuel) crops susltanola, jojoba and jatropha. Please note
that the farm activities are not included in theldpet of this landscape proposal.

There is an overwhelming positive response to tiogept idea indicating a desperate need
and demand to establish the proposed centre. Inateediuccess during and after
implementation is almost guaranteed if the proggrofessionally managed.

For South Africa, which, despite its strong captibg and well-established infrastructure,
lags far behind the developed world in renewablergy applications, this centre will be
innovative. With the possible input from highly djtiad and knowledgeable people in South
Africa this facility could be a driver and leader innovation nationally and internationally.

The nature and variety of activities ensuring angoimg, ever-changing and regularly
modernising facility, which will be without douldustainable for a long future time period.

Detailed cost estimates were undertaken to artieetatal project cost of ZAR 35 million.
The vision for this project is that the centre becmes a flagship project for sharing
knowledge and expertise on energy generation, engrgise, energy saving, sustainable

landscaping, eco-farming and a model for future deMopments.

The next step after obtaining building permissiath e an extensive fund raising campaign.
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BACKGROUND AND CONTEXT

Introduction

Darling Independent Power ProducerfING IPP) will operate South Africa’s first
large wind farm 70 km north of Cape Town near tlestwcoast on Windhoek Farm.
To promote renewable and environmentally cleang@ndhe Minister of Minerals
and Energy has declared the 13 MW wind faridational Demonstration Project
An area of 20ha on Windhoek Farm was chosen foretleetion of a Visitor,
Training and Education Centre. Within the Visit@entre, the independent power
supply will be demonstrated for educational reasand research. Specifically
designed and constructed to merge with the suriagrmbuntryside, the Centre will
initially include a permanent exhibition area, aiety of educational and conference
facilities, a hall (for lectures, banquets, dansesgddings), a mechanical workshop
and a small village to accommodate 40 visitors aneistaurant with facilites to serve
meals for 120 people.

Total independence of external sources will be destrated with a 100 kW wind
turbine in order that the results can be applietthéorural off grid in South Africa.

The exhibition’s objective will be to enlighten thisiting public about the practical
alternatives available to South Africa’s currendsib and nuclear fuel based energy
supply. Facilities to address the training of winarvesting techniques and the
promotion of wind energy will complement the farmo\gerall vision.

The restaurant overlooking the restored wetlandtéitabf various bird and animal
species will provide the starting point for a risiele trail featuring additional
external exhibits, an observation hide and a detratien bio farm.

So as to endorse the sustainability features optbgct as a whole, it is envisaged
that the Centre’s design will augment local climmatnditions by drawing on locally
sourced materials, as well as creating its own powmed water supply, and
developing a waste treatment program.

This project proposal, in association with Londaséd Edward Cullinan
Architects, and its further development by loghbriel Fagan Architects, Kouga
Consulting Engineers, Plantech, Jongens Keet AssatésandEco Logicis made
possible through the sponsorship of Brégish High Commission.

Site Location
Just over 70km from Cape Town near the main R27t\@east Roadsee Figure
1); ten wind turbines sited to capitalize on thevpikng strong winds are to be

installed below the ridge of Moedmaag Hill on Wingk Farm.

The Visitors Centre and demonstration turbine ibédocated at the foot of the hill
alongside the Swartrivier and R315 Darling roache Turbines and Visitors Centre



1.3

1.4

will be in full view to motorists, and has the patial to develop into a significant
tourist attraction linking with other cultural pégnof interest in the region.

The location’s close proximity to Cape Town willtnenly make it accessible to
millions of households, but also to major schodéshnikons and universities.
Equally advantageous is its close proximity to West Coast with its tourist market
and accessibility to other renewable energies asclave and solar.

Windhoek Farm is also situated in the transitiosaanf the newly proclaimed West
Coast Biosphere Reserve (WCBR). It can thereféay p role in educating the
public about the importance of sustainable devekygrand West Coast issues such
as water conservation, the value of the local flamd habitat conservation, thereby
supporting the aims of the WCBR.

Site Description

Windhoek Farm is situated on the Darling - YzeréamtRoad, less than a kilometer
from the Tienie Versfeld Nature Reserve (a smaliifiawer reserve which is visited
only during spring for its spring flower displaylhe farm has been earmarked for
two initiatives: awind farmup on the ridge and wsitor, training and education
centrenear the road with a restaurant, shop, auditorindhteainee accommodation.

The farm consists of 20ha of old fields and paskame which is bisected by a small
seasonal river (the Swartrivier) and a dam. Althotigere is a well point near the
river, water is a limited resource on the farm dnere is not enough for large or
even medium scale irrigation. The land is currengd for grazing livestock. There
are two derelict cottages, which will be restored.

Site Layout

Screened from the R315, visitors parking and a $tegion (biodiesel, plant oil, gas,
hydrogen and wood) will be situated at the entraioc®/indhoek Farm. A short
walk will bring visitors to the covered Entrance @owhere they may choose to
either continue to the demonstration turbine oeetite Centre.

Resembling a thatched African Lapa, the circulastagrant and terrace area
adjoining the Centre will overlook a small lake ametland area. The lake, created
by the damming of the Swartrivier, will be fed hy existing well and drainage from

the marsh. It is proposed to create a small iskcwgssible via a bridge from the
Lapa providing additional outdoor seating.

A series of demonstration gardens around the Visientre will showcase the West
Coast flora — local plants used for food and medicia touch-and-smell garden
(fragrant plants) and a water wise garden, which dgmonstrate the principles of
water-wise landscaping.

A small plant maze or labyrinth will add further interest and entartaent value to
the demonstration gardens. The maze will be plamtgd a variety of species
(spekboom, taaibos, kapokbos) showing the poterdialclipping and hedging
indigenous plants.
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A path along the river leads to three picnic am@asrlooking the river. The picnic
sites have been designed to create maximum shiedtarthe prevailing south-east
wind. A curved stone retaining wall about 1.5m hogeates a level lawn area with a
few trees strategically placed for shade. Two af fhicnic sites are small and
intimate, designed for three to four family grou@ént), and one is larger (175n
to accommodate school groups.

A scenic circular path will lead from the Lapa ajoine river to a lake where one
will be able to study birds and wildlife from a wadide observation hide. External
exhibits illustrating renewable energy techniquad sater conservation methods,
and the demonstration turbine, will enhance thetdfis experience.

A delegate’s village near the lake, possibly madagg Windhoek Farm, will
provide accommodation for visiting students andfem@nce attendees.

The Visitor Centre

The Centre will focus on three principal segmemtmely the Visitor Facilities,
Education and Training, and Conference.

Visitor Facilities will include the reception, agty exhibition area, ablutions, and
the restaurant and Lapa. The exhibition’s intentidll be to provide an informative
insight as to how wind energy relates to other ®mwh renewable energy sources
through various exhibits and audio visual displays.

Overlooking the lake, the Lapa will feature asfib@al point of the facility.
The education and conference suites will compresuisar rooms, a library, and a

large 120-seater lecture theatre. The proposexitagnables the Centre to be built
in phases to suit financial and operational reguéets.

Construction and servicing

The building should illustrate and form part of #ehibition’s desired sustainability
model through the use of durable and locally aegumaterials. Constructed from
local reeds, thatched overhanging roofs will prbtee building against rain and sun,
and provide excellent insulation.

Building blocks will be manufactured on site ussal from foundation excavations.
Surplus soil will be banked up to offer protectiagainst the winds. Floors will be
made up of quarry tiles on a concrete slab to plethermal mass.

The orientation of the structure will ensure ipredominantly naturally ventilated by
a stag ventilation system due to the directiorhefgrevailing winds. Fresh water is
to be supplied from the mains supply running uritier track to Windhoek Farm.
Rainwater will be collected to operate the low aayaflushing toilets. Waste from
basins and toilets will be treated by a reed-bed/anbiolitic grey-water filter
system, discharging odorless and clear for requsiee garden.
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The demonstration wind turbine will provide the @enwith electricity, with a
backup being a line connection to Windhoek Farm.

The Form of the Building

This eye-catching development will lend itself petfy to the natural surroundings,
and attract visitors onto the site with its impresscale and form. The building’s
carefully planned layout ensures the greatest plessse of the natural resources and
vistas of the location.

Landscaping

The landscape and buildings of this project havenba@esigned to inspire visitors
with the idea that here, in a corner of the Westeape, there is a group of people
concerned about issues of economical renewableger®yurces. A group who

believes that this thought is not just a dream afaaginal lobby of visionaries, but

that it can be implemented in a practical and enoocal way.

The undulating landscape includes a waterway, mattth and south sloping banks, a
wet area with a reed bed, and a few existing stottages now in ruins, but capable
of being restored with thatched roofs. There isich diversity of birds and
indigenous fynbos, which with care, can be augnteni¢h suitable seeds and plants
to turn these hills into a spring paradise. Clampindigenous trees will be added
to provide shade and soften the contours.

The new buildings, planned to house a visitorsormfation centre, a large

conference facility, exhibition areas and a restayrlie on a northern slope to face a
dam and island, turning their backs to the prengilivind and encouraging natural
ventilation. On the north side, the building hase half-sunk for 1 metre to

minimise the impact of its height as seen from iba&d and at the same time to
encourage an even interior temperature. At thearog, the building is kinked to

break the lines of the otherwise long structure alsd to create an outside sunken
arrival courtyard. The otherwise tall roof too,khsoken into an upper and lower
section, not only for ease of construction and teak its height, but to collect

rainwater from the upper roof in a concrete gutedfway down.

Constructed of gumpoles, local thatching reed awdlly made mud bricks, the
buildings fit in well with other vernacular strucéis in the area, in spite of their
enormous size.

The round restaurant, with its mezzanine windowsyipes panoramic views in all
directions for visitors and delegates alike, imgtihem to explore the demonstration
wind turbine, cultivated lands, bird hide-outs astter attractions of the inspiring
surrounding landscape.

From the restaurant one will be encouraged to watk the boardwalk crossing the
river to visit the island in the foreground, perkap take a picnic basket to enjoy
under the trees while admiring the nest-buildingwess of the male finches. But a
second boardwalk leads one further on along theastrto enjoy the antics of the

1C
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many other birds to be seen from the hides, whef@mative posters will give
insight to those interested to know more.

In this hot summer climate the stroller will neddmiy of shade and it is planned to
plant many indigenous trees in natural clumps, akbie further pathways. The wild
olive (Olea africand is endemic to this area and so will predominatethe
landscape. With its grey-green narrow leaves angilar branches, it is one of the
more attractive shade trees where benches camabedpfor tired strollers who will
be able to refresh themselves from a bar with argatige.

Those that are interested in the many ways thaggremnservation is demonstrated
in this project can follow a path to the cultivateehds of sunflower and rape and
learn how these are processed to produce oil, hawoil is stored in underground
tanks and the various energy saving uses of thiseVisitors will be surprised to

learn that the hedges of the lesser kn@atropha curcasvhich they see growing

along these fields, produce more oil than the alwwaps and that this oil quality is
suitable for diesel engines.

The 50 metre biome will provide a breath-taking exignce of plant types not
generally known and grown here under conditionscifipally provided for their
optimum growth

They will be varieties that have medicinal, agriatdl or energy saving importance,
or important species which may be threatened witimetion.

The demonstration wind turbine will fascinate maaitors who will be more able
to appreciate the tremendous size of those turboresthe further hilltop by
comparing them to this smaller one and its accoryipgn illustration and
information panels.

There will be so much to see and experience tleatigtor might like to stay over in
this stimulating environment, to enjoy the quieticsy atmosphere where he knows
that the energy which he uses will be obtainedugjinonatural channels. Overnight
accommodation in simple thatched cottages withreogzanic view of the site, will
however not be lacking in comfort, and sustenari¢ckeobest kind will be obtainable
from the nearby restaurant.

Project history

The OELSNER GROUP presented a vision to devel@gelscheme in the field of
renewable energy applications, which would serve dmsis for detailed analysis
and invited input from all parties, which may hareinterest, or would possibly be
affected by the scheme.

A formal bid application for the financing of theesign phase of th&isitor,
Training and Education Centre was submitted to the British High Commission and
this bid was approved.

11



In January 2003 Edward Cullinan Architects, basetiondon, who have a world-
wide reputation for the design of low energy builgh that are responsive to the
climate and to local conditions, conducted a fahisilstudy.

The Oelsner Group consulted Kouga Engineers, SAddyns Architects, Plantech,
Oberholzer/Lawsen and MG onsulting with a view to undertake a comprehensiv
design plan. However, from site visits and furtineeetings with Sandy Adams
Architects it became obvious that there was ndfigeht capacity and experience
for her to complete the tasks timeously. A newnteaf Architects had to be
appointed, namely Fagan Architects, who managed tdeks admirably after being
appointed at such a late stage.

After soil surveys had been undertaken a high witele in very sandy soil was
discovered on the site selected in the pre-fedtsilstudy North of the Swart River.
An alternative site had to be found.

Additional soil surveys were conducted and a nde South of the Swart River was
chosen.

Because the geo-technical soil condition on the sgsvwas clayey-sand with huge
plasticity indexes and big swell potential a contgdie new structural design had to
be found, also affecting the initial architectuwakign.

Without a complete concept as to the electricaliregnents, exhibition projects,
renewable energy source details, etc it was ndiiplesto formulate a clear mandate
and terms of reference to appoint the electricabatiant.

Oelsner Group subsequently conducted an extensivédiouse research study
resulting in the formulation of the electrical ragments. The special challenge was
to design a system around a given size of windrierdonated by Fuhrlaender AG.

A verbal agreement was reached with Mssrs Plargaalbling submission of a cost
estimate for the electrical services based onstiidy.

The proposed landscape architects Oberholzer/Lareen the UCT School of
Architects could not accommodate the project inrttime schedule and declined to
undertake the work.

Mrs Gwen Fagan of Fagan Architects volunteeredegigh the general outlay of the
landscape.

A bid for the detailed landscape design as to xgjdtora, tree planting and revival
of wetland has been requested.

Two models were designed and exhibited at the W@ridd Energy Conference
held in Cape Town in November 2003. Presentatramwithgs were also exhibited.
Very positive response was received from the pubbkc well as national and
international experts at the conference exhibitiod signalled a great future for this
project.

12



2.1

2.1.1

PROJECT RESULTS

Architectural service

Design

After soil surveys had been undertaken a high witele in very sandy soil was
discovered on the site selected in the pre-fedtsilstudy North of the Swart River.
An alternative site had to be found.

Additional soil surveys were conducted and a neée South of the Swart River was
chosen.

Because the geo-technical soil condition on the siggvwas clayey-sand with huge
plasticity indexes and big swell potential a conglie new structural design had to
be found, also affecting the initial architectudakign.

From the half-concealed parking lot the visitor kgatlown the tree shaded path to a
sunken entrance court with banks of fynbos on egige. Through the glass doors
the visitor enters into the high space of the raoaphall from where he can be

guided to the conference facilities on the righg humerous exhibitions on the left
or the shop which leads one on to the circulaargsint ahead. The view, especially
from the upper deck of the restaurant onto ther rife®tpaths and fynbos landscape,
will encourage participation in all the outdooriaittes and displays the site has to
offer.

For aesthetic and thermal performance reasonsrabfs are all of indigenous
thatching reeds. As excessive run-off limits theidble span of thatched roofs to
less than the program requirement, the roof slopee reduced by introducing
drainage channels which double as buttresses tateothe thrust of the roof while
providing for light and ventilation.

The building stretches east-west along a contowsadhe prevailing wind direction,
thus assisting ventilation and sun control.

The zig-zag plan configuration serves to reduceatiherwise massive scale of the
building in the landscape, while providing a natwemphasis on the entrance and
position of the restaurant rotunda. Sinking theldiig and entrance ramp on the
south approach side, further reduces its visuahohp

While the auditorium backstage is placed at thé ead for truck access, the plan
allows for future extension towards the west.

The building will be clearly visible from the roalit the natural material of the roof
and the earth walls will blend easily into the sumnding rehabilitated landscape and
it is hoped, turn this project into a stimulatingdaexciting experience for the visitor.

Within easy walking distance of the centre alonipatpath skirting the riverbank,
lies the visitors’ accommodation. Seven doubledgalmws, also under thatch like
the main complex, each provide parking, a sunrtingiout area and a comfortable
room with two beds, toilet and shower.

13



Figure 2A
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Figure 2B
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Figure 2D
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Acoustical service

Acoustical design philosophy

The underlying principle followed is one of consaian of acoustical energy. This
was achieved as follows :-

2.2.1.1 By restricting the sound absorption tortlieimum

2.2.1.2

In a typical hall the unavoidable absorption caissis the following :-

a)

b)

Sound absorption due to the audience

In the case of a full hall, this is mainly due e taudience’s clothing, and is
prominent at middle and high frequencies. For gmplls or partial
occupancy, some absorption has to be provided éogehting, in an attempt
to keep acoustical conditions as constant as dessilm order to conserve
acoustical energy, the absorption needs to beiatestrto the area covered
by the body of the occupant. All other parts o gHeats need to be sound-
reflective.

Air absorption

This absorption is restricted to frequencies alls®d@ Hz. It is proportional
to the volume of the hall, and increases non-liyeaith frequency. It has a
pronounced effect at frequencies above 4 kHz.

Low-frequency absorption

This is mainly due to thin panels, e.g. ceiling avall panels, as well as seat
backs and bottoms. It can be useful, if it balaneedience- and air
absorption. It needs to be carefully controlled dpecifying minimum
surface densities for these panels and by avoitiaigrials with low internal
damping such as thin sheet metal, which is oftesd der sound-reflecting
seat backs and bottoms. Resonances in such nstecald cause
undesirable effects due to selective sound absworpti narrow frequency
bands.

By limiting the volume of the hall

The volume of the hall is determined by the desired-frequency reverberation
time, which is directly proportional to the volunté the hall and inversely
proportional to the sound absorption in the haBearing in mind that this
auditorium is essentially a multipurpose hall, the selection was done as
follows:

18



b)

Determining the mid-frequency reverberation time

In the present case the uses requiring the lonmggstberation timevould
be unamplified performances of classical music. e Tdptimum mid-
frequency reverberation time for classical musiogess from about 1,4 sec
for chamber music of the Baroque period, to abg@ts&c for orchestral
music of the Romantic period and about 3,5 se@foapellachoral music.
In such a small hall performances of classical mgbould be restricted to
small ensembles, to avoid unpleasantly high soendl$. Catering fon
capellachoral music, which is seldom performed locallpuhd detract from
all other musical performances, not to mentiomégative effect on speech
intelligibility.

One also needs to consider the ethnic charactexcaf choral music, which
is often performed outdoors or in spaces with stexrérberation times, such
as those with thatched roofs.

Past experience with medium-sized multipurposeshlis shown that a
good compromise between the average mid-frequen®riveration time for
general music (2 sec) and the optimum value foecpél,2 sec) is given by
a mid-frequency reverberation time of 1,6 sec. $tmh a small hall this can
safely be reduced th5 se¢which is the value selected for this hall.

Determining the sound absorption

The main sound absorption in the hall, viz. theiaeock absorption, is
proportional to the area occupied by the audieridas is determined by the
width of the seats and by the spacing between rowke absorption is
calculated by multiplying the effective area by eggpiate frequency-
dependent absorption coefficients. To this needlsbé added edge
absorption effects caused by sound waves meetiagexiposed edges of
seating areas. To minimise the edge effects, mental seating was
proposed for this hall. This is also beneficialnfra visual point of view.

To the audience absorption must be added the almsordue to the
performers, which is also proportional to the aveeupied by them, but with
different absorption coefficients. Calculations revebased on a small
ensemble of 10 musicians (1,39 m2 per player) awotiar of 20 persons
(0,44 m2 per person).

For the audience as well as for the orchestra aod,qublished values of
sound absorption coefficients were used.

Another important area is the floor. In order tnserve sound energy it
may never be carpeted but must always be soundcteft. Published

values of sound absorption coefficients for vinkds were used for the main
floor area (minus seating area) and those for tmo&d for the stage.

Absorption by the ceiling and wall panels was atsdculated using the
appropriate coefficients.
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Using the total average mid-frequency absorpti@® 8z to 2 kHz) together

with the desired reverberation time, a first fix tbe volume was obtained.
This value was used with the air absorption cofits to gauge the effect at
higher frequencies and make adjustments. A sé&etpr of 10% was added
to the adjusted value to obtain a second fix.

The above method may be regarded as one that eisghasnergy
conservation as well as being cost effective, singenimises the size of the
hall and therefore also the building costs.

An easier way for the acoustical consultant wolddehbeen to use a larger
safety factor for the volume, and afterwards ussmdabsorbing materials to
“fine tune” the acoustics.

2.2.1.3 By optimising the shape of the hall

a)

b)

General

The sound field in a hall consists of two partz, ¥hedirect sound, which
travels in a straight line between the speakeresfopmer and the listener,
and thereflected sound which reaches the listener after one or more
reflections from the hall surfaces.

In order to be integrated by the human hearing su@sim, enough strong
reflections must reach a listener within 1726f a second (50 milliseconds)
after the arrival of the direct sound, in order nmake a meaningful
contribution to the intelligibility of speech anlkt clarity of music.

To achieve this, the shape of the hall must berapéd in plan as well as in
section.

Longitudinal section

The floor shape must be chosen to ensure goodtdicemd propagation,
without attenuation due to screening by interverdndience members. This
can usually be achieved by providing good siglédin

Due to its size and placement, the ceiling is thestmimportant sound

reflecting surface. It needs to be designed ichsa way that it directs

strong early reflections to the entire audiencehwrogressively increasing
emphasis towards the rear of the hall, in ordezxoimpensate for the loss of
direct sound energy according to the inverse sgaare

Plan shape
Modern research into concert hall acoustics hasheasiped the importance
of early lateral reflections. These reflectionsitcibute to the clarity and

fullness of sound for music, as well as to thelligieility of speech. They
are therefore essential acoustical design elenfi@ntsultipurpose halls.

20



2.2.2

2221

2.2.2.2

2223

2.2.3

The individual side wall panels also need to beigiesl to direct strong

early reflections to the entire audience area, vptbgressive rearward
emphasis as in the case of the ceiling. In additioe rear wall needs to be
reflective in order to achieve the best spatialrispion (so-called “surround
sound”).

In order for these reflections to reach the cenpations of the audience
without attenuation due to audience screening, tieeyl to arrive diagonally
from above. This can be achieved by means of coeflectors, which have
the added advantage of increased intensity dueudspressure addition as
opposed to sound energy addition, since the vinimalges of the source
coincide, provided that the planes forming the eormeflector are
perpendicular to each other.

Obstacles and Constraints

Limited Width

Initially, the maximum width of the hall was limdg¢o 11 m. Taking into account the
area required for the stage, this made the sidés wiabrly parallel, as can be seen
from figure 2. This would have left too little syafor the articulated side wall

panels, and greatly increased the risk of fluttéroes.

Fortunately the acoustical requirements receivesl ghoper priority, so that the
general plan shape could be redesigned. (see #igure

Flat Floor
Since the hall must also be used for banquets, edarweddings and similar
functions, the floor needs to be flat. This hak&imental effect on the direct sound

propagation as well as on the sight lines.

The position was improved somewhat by raising thgesand by limiting the number
of rows. This was made possible by the increagdth.

Lowered side ceilings

In order to fit in with the general design as vadlthe ventilation scheme, the ceilings
on the sides had to be lowered, thereby reduciagzéttume. This was corrected by
raising the ceiling sections in the central portid@n the other hand, by placing the
side wall panels under the lowered side ceilinys, desired corner reflectors were
obtained. It should be noted that, although tke svall panels are angled, they are
still vertical, while the lowered ceiling sectioase horizontal, so that the planes are
perpendicular to each other.

Design Development

Figures 3 to 5 show different stages in the devekqt of the acoustical design.
They are not to scale.
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Figure 3 - Proposed Plan Shape
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Figure 4 — Proposed Longitudinal Section
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Figure 5 — Cross Section looking towards stage

Possible future requirements

If small functions are catered for and all the seaie removed, such as for dances, the
total sound absorption in the hall will be too lomsulting in a long reverberation
time which will make speech communication difficult

This situation may be rectified by hanging soundesbent banners or drapes on the
walls. Alternatively, sound absorbent curtainslddoe provided. These could be
hidden behind panels when not required.

Conclusion

If the acoustical design recommendations are plppaplemented, an acoustically
efficient hall with good characteristics for spe@ashwell as music can be realised.

Details will have to be worked out in close co-@tiem between the acoustical
consultant and other members of the design team.

Structural design

Indoor air quality and comfort

The massive construction of the building helpstabiise the internal temperature
and keeps the inside cool in summer and warm irtewinThe compressed earth
walls and thatch roofs on plantation pole constomcobtain a lowered embodied
energy of construction to balance the concretedrand floors.
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Just like the anthill, the centre is provided with air supply of relative constant
temperature, which is not only odourless, but &lse of allergens, mosquitoes and
flies.

All windows and doors are sealed, as cross veittilas not practical due to the
prevailing strong wind conditions. An integratedact ventilation system is
employed whereby air is drawn into the basemenetpreconditioned to a cool and
relatively constant temperature before rising inb@ building through widely

distributed floor vents.

The internal stale and warm air is sucked out efhihilding through the permeable
thatch roofs. The external driver of this stacktilation system is differential wind

pressure resulting in positive air pressure tontlaén air intakes facing the prevailing
winds and negative suction on the permeable thakofs. Internally the air is driven

vertically upward through the internal temperatgradient generated by the point
heat sources such as people, lights and fire inaojpen fireplace. This stack
ventilation operates continuously to keep the imdaw quality fresh and at a

comfortable temperature. Avoiding toxic materiatgd dinishes minimises indoor

pollution.

Materials
Hydraform® compressed earth blocks

The Darling SEES Visitor Centre will be built witHydraform compressed earth
blocks.

The blocks are manufactured from a soil and cemexiture. The soil type that is
most suitable is a clayey sand. In simple terns rireans the soil should contain
more sand than clay (and silt) in the soil. A swaith a clay and silt content above
45% is unsuitable for block production and would/édndo be mixed with sand to
reduce the clay content. Almost every soil in W@ld can be used, sometimes a
small percentage of sand may need to be addeénmerd content increased.

The cement content will give the block its ultimatieength. The cement and the
sandy portion of the soil is what binds togethergive the block its ultimate
compressive strength and durability. 5% cementtesdnby volume can give
strengths of 4-5 Mpa (550-720 PSI), blocks produwétl a cement content of 7%
will yield strengths of +/Mpa (1000 PSI). With a 5% cement content oneg3fig

of cement will produce 75 blocks. With a 7% cemeantent 50 blocks can be
produced from one bag of cement.

There are 37 Hydraform blocks in one square mdtaratl. A Hydraform machine
can make 1500 blocks per day or equivalent of 46fmvalling per day.

Hydraform has conducted tests in South Africa fdwekE Storey Construction.

When constructing double or three storey conswucta higher degree of quality
control is required, the lower floors of the buidiwill need to be strong enough to
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carry the weight of the upper floors. The lowerofls are therefore required to be
manufactured from a minimum of 10% cement by voluare 7Mpa wet strength.

Thatched roof

The main building, restaurant and visitors’ lodgeh all have roofs thatched with
thamnocortis from the Albertinia district, as tloedl varieties have proved too short
and less suitable. Rye straw was commonly usediignarea as a finishing layer
below the reed, but is no longer available sinae dablvent of combine harvesters,
which cut it up.

Finished to between 120 and 150 mm thick, the khatat only provides excellent
thermal insulation but allows a certain amount @ftdation through the material and
assists sound absorption in the large spaces.

Environmental Engineering
Ecological Sustainable Development

ESD is compatible with key Integrated DevelopmelainFRobjectives. It offers low
cost housing; construction methods accessible tplpge the opportunity for the
growth of SMME'’s resulting from the creation of kills base and more affordable
services and utilities to the people. ESD involiraging for people in transferable
skills and reduces the need for new investmentfiastructure.

The major principles of ESD, how they are appliad the benefits offered, are as
follows:

Indoor Air Quality & Comfort

Reduces the pollution emitting materials, givesuradtventilation and natural indoor
climate control.

Benefits to people are increased indoor thermalfodnand air quality; reduced
energy cost by avoiding artificial heating and cogl

Benefits to the economy are savings in public headists and reduced energy needs
as well as reduced need for new infrastructure.

Benefits to the environment include reduced greasb@as emissions and reduced
ozone depleting gases.

Energy Efficiency
Maximising the energy efficiency of the centre fesdrom studying indigenous
construction and natural climate control systemgpleyed by traditional African

architecture across the continent and by mimickihg advanced natural ‘air-
conditioning’ of certain termite hills. The anthifi of such advanced design that it
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uses natural thermodynamics and wind to drive arahiir conditioning system
with stack ventilation that ensures a constantrivaietemperature no matter the
climatic conditions outside.

The energy efficiency of the centre is maximised dyoiding artificial air-
conditioning and lighting through an integrated unak climate control system
balancing passive solar design, insulation, natstedk ventilation and day lighting.
The ecological sustainability is also enhanced hg tse of non-toxic and
predominantly low embodied energy materials anglies and by treating sewage
on site for reuse as garden irrigation.

The applications of energy efficiency include pesssolar design; floor, wall and
ceiling insulation; heatbanks; energy efficiepplances and lighting; daylighting;
natural indoor climate control and alternative gyesources.

The benefits to people include low utility costsnproved indoor thermal comfort
and increased self-sufficiency in housing.

Low cost housing and reduction to the cost of stitacture benefit the economy and
reduction in greenhouse gas emissions benefitrthieomment.

Waste Management

The cultural centre is equipped with a biolyti¢dil a sustainable waste management
system which uses natural processes to treat @rgmastes and wastewater at
source. It uses decomposing organic material aslagical filter for liquid and solid
waste in much the same process as a natural wetthlrahs water. It is an
environmentally beneficial wastewater treatmentesys

The decomposing organic waste filters breaks dowaming waste, aided by micro-
organisms, bacteria, bugs, beetles and compostiognsy which also improve
aeration and drainage. The nutrient-rich effluenfiltered to a suitable standard for
surface irrigation of the garden around the buddin

The biolytic filter uses an aerobic process anithésefore odourless. It accepts most
household waste including food scraps from bucketaaste disposal units, paper
and cardboard, sanitary products, toilet waste wastewater. It can handle

reasonable quantities of fat and oil, detergents @deaning agents. The recyclable
materials such as glass, tins and plastic are rechtyam the waste prior to the waste
being treated.

The biolytic filter is a robust and reliable systemth very low operating costs,
which requires little maintenance and is very |ltagjing.

The principle of waste management is applied bygitmwaste recycling; minimal
construction waste and minimal pollution.

Improved sanitation and fertilizer for gardens amgong the benefits to people. The
economy benefits by the reduced need for wastdcesnand the reduced landfill
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demand. Reduced waste, pollution and use of landvaste disposal benefit the
environment.

Water Management

The principle of water management is applied bysib@-rainwater harvesting and
sewerage purification as well as by stormwater rganeent.

People benefit by increased self-sufficiency inavand the low utility cost. The
economy benefits by the reduction in capital exjgenel on costly infrastructure and
maintenance thereof and the environmental benefithide sustainable use of
resources and reduced pollution to waterways.

Sustainable Use of Resources, Materials & Csinuction Methods

This ESD principle is applied by using compressarheblocks, plantation timber

poles, thatch roofs and reinforced concrete. Llmpdidge construction methods
based on tradition building are used which leada teduction in the use of water,
reduction in waste and reduction in energy use.

The materials are freely available and locally sedrwhich leads to low material

and energy input and self-sufficiency in materaisl skills.

A reduction to the cost of national housing suppith reduced infrastructure costs
and an increased chance of achieving the housnggttaall benefit the economy.

The environment benefits by less waste and poltyttonservation of resources, less
greenhouse gas emissions and less energy use.

OELSNER GROUP RESEARCH STUDY

Introduction

Darling Independent Power ProduceraING IPP) will operate South Africa’s
first large wind farm 70 km north of Cape Town. poomote renewable and
environmentally clean energy, the Minister of Malerand Energy has declared the
13 MW wind farm aNational Demonstration ProjecWithin the Visitor Centre, at
the Moedmaag Hill near Darling, the independent gowsupply will be
demonstrated for educational reasons and rese@nehVisitor Centre will have a
lecture hall and facilities to serve meals for Y#bple. The whole complex will
comprise a permanent exhibition, a mechanical wmgsand a small village to
accommodate 40 visitors. Total independence of reatesources will be
demonstrated with a 100 kW wind turbine in ordeat e results can be applied to
the rural off grid in South Africa.

Demands for an isolated system
Total energy independence should be the subjeadeafonstration. In off-grid
applications, which still concern 30 % of South iéd's population, there is no

supply network to emit or absorb electrical eneigyisting rural systems comprise
of a diesel engine and rely on fossil sources ttrdnesported there. Wind energy is
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available without fuel costs, but with restrictiotts the domestic diurnal demand
that does not correspond with a partly unpredietatind energy generation. The
general problem with electrical energy is that #@nmot be stored directly.
Transformations into other energy sources with ititeerent losses are the only
solutions, e.g. to chemically bond is widely usedattery systems.

A first option is to reduce the fuel costs by adgmind power to an existing diesel-
mini-grid. Without taking further steps the poweruatity will decrease.
Measurements carried out in 1982 on Block Islarms&d that wind energy as fuel
saver requires a more sophisticated infrastruatwes to part load consumption of
diesel-engines at 30 % while idling. If the engaaa be switched off an alternative
source has to compensate for short-term fluctustion wind energy. Current
research in flywheel storage offers high energysdgrboth in capacity for some
minutes and for peak power.

Basic requirement in an isolated system is thaeggad energy must fit the demand
at any time. In the first phases of the Visitor €enthere is surplus energy
throughout a year, which needs to be fed to the. dter completion of the whole
facility this connection should be opened for askeone year to demonstrate total
independence for off grid applications by simulgteonditions in rural areas where
no grid is available.

A study carried out in 2001 shows that the potémtiavind penetration in isolated
systems from 100 kW to 10 MW currently reaches 70Pdture systems at the
lower end of range might reach 95 % strongly dependn storage possibilities
while the missing energy comes from diesel engines.

Surplus energy

Possibilities using the surplus energy generayeithéd wind turbine:

Brackish water desalination

The site for the Centre is located near the Aitanbast. Experiences from the
farmers in the vicinity give evidence that well @@is not suitable for drinking
without further treatment.

Reverse osmosigses a pressure pump to overcome the osmoticupeesshich
builds up when two vessels with different concerdres of salt are separated by a
semi permeable membrane. By applying external presthis principle allows to
desalinate brackish water to a certain extent wailate of 0,25 m3 per 1 m3 of
drinking water has to be discarded. Several differmembranes are used in
commercial systems. To take care of the wells enpifoperty, a low and constant
pump flow requires cisterns to compensate the dismoous consumption of the
Centre.
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Potable water consumption

Drinking water consumption per day:
15 It per daily visitor 60« 15 1= 1800 It
50 It per person staying in the village40 « 50 It = 2000 It

The service staff needs 20« 60 | = 1200 It

Laundering clothes 200 It
Cleaning the building 500 It

Kitchen total 800 It
Other 500 It 7000 It total a day

Water is mainly needed in the daytime; a minimum 5ofn3 storage should
compensate the discontinuous demand for showers, et

Some facilities like the lavatories in the Cergl®uld be equipped with a separate
water supply. Well water might be used for this lmapion only with little
treatment. But if an analysis proves that the wateatment needs a negligible
amount of energy, a second system might be todycost

Irrigation

Irrigation farming is not possible but at a lindtextent it is used for the flowerbeds
near the Visitor Centre. The whole West Coast isvikn for its flower richness in
spring, if precipitation allows this to provide tbeautiful indigenous scenery. The
water could be stored in a pond but when most riegdsummer there is sufficient
energy to produce it just in time.

Brackish water treatment plant for the @ent
To produce the basic potable water of 5 m3 pertdayystem should only run in
periods of low consumption in winter. Increasingagtical energy supply correlates

with a basic irrigation needs in spring and summer.

System specifications are:

production rate : 1 m3/h
length :5m

width ¢ height 122 m?
electrical power 1 2 Kw
price : R 200 000

It is recommended that the plant should be irefailhside a building, alternatively
operated under a roof cover or inside a 20 feetatoer.

The system does not consume much electrical entrglyis why a smaller system
could operate continuously to reduce the equiprpeice. Half of production rate
yields in 12 m3 potable water per day, this all@asslitionally 7 m3 for irrigation per
day.
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Service vehicles

The Visitor Centre should be equipped with twover vehicles to operate on the
farm area and to commute to Darling. This use ettekity is an opportunity to

gather experiences with small scale battery syst@usently the ZEBRA battery is

most favoured for transportation purposes and cawially available.

Annual driving of 20000 km approx. consumes 1 ki¢hkm (losses included).

Community transportation system

To a certain amount, hydrogen generated from wimetgy could serve as fuel in H
driven mini-buses to commute 70 km to Cape Townkra0to Malmesbury or the
Industrial Area of Atlantis 30 km from the Centr&iven 600 km daily road
performance for one vehicle it consumes 150 Nygeherated with 750 kWh of
electricity available most time of the year as tuspenergy. To extend this service
with more vehicles, there is green energy in abooedrom the 13 MW wind farm
to use the facilities of the visitor centre. A larchydrogen system could also be
used to simulate a rural power demand of whichiukted system has to prove its
reliability. Hydrogen generation could serve asadditional consumer to simulate
the peak in electrical consumption in a rural daioesini-grid.

The same travel performance (400 km per fillinglld also be achieved with the
ZEBRA system.

Wind power shortage

In longer low wind periods the energy must conmnra reliable source such as a
fuel cell or plant oil driven engine which is alite operate independently of solar
resources. Facilities to store larger amounts afrégen or plant oil have to be
provided with a plant capable to produce peak povars implies generation or
processing of substances suitable for this purp@see stored, they could serve
transportation needs on the property or in thehimgrhood. The cheaper substance
is plant oil, processed with little electrical egyer Hydrogen generation is
independent of cultivation areas, apart from littlater to dissolve entirely with
surplus electricity.

Power management system

In a system with several storages and appliancebetswitched on or off, a

supervisory control has to determine the energy floom energy sources to

consumers. This strongly depends on loading lel/éhe storage systems and their
technical specifications. A wind speed behaviourdetacould predict the future

course allowing the management system to schedwlermpfor the next minutes or

hours for optimised efficiency.
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Energy representation in the Centre

Wind power generation has a major focus on the dfitthe Visitor Centre. This

should include the transparency of the electrigatesn to which scientists and the
educational program will have easy access. Abose ittshould provide space for
electrical storage systems and easy access fongtuaotion. The technical rooms
could be erected in time together with the windite for later integration in the

complex. The equipment, which can be integratetthéobuilding, should be part of
the exhibition itself. In rooms not for public asselarge windows should allow the
visitors to see green energy technology in opeamatin addition there should be
enough space to display the process next to thes#ows. Parts of the exhibition
should demonstrate energy-saving technologies @nestic and industrial use.
These are building insulation against heat or dotthe appliances with low power
consumption as well as domestic and irrigation wsd®ing.

System design

To provide easy access to heat pipes and electwoa installation, conduits
throughout the building should provide easy acéessepeated reconstruction. The
system is part of an on-going reconstruction witlfomal status.

An electrical control room is necessary to haveeasdo the switches and measuring
equipment for the load management system. For @sgential to avoid a power
shortage, some electrical equipment will have toshetched off in times of
insufficient power availability. An easy way to d&o is one central power
distribution room with the load management syst&mmore modern system is using
an integrated power supply and control system tileeEuropean Installation Bus
(EIB) or other derivates. For the costs are sigaiitly higher than a conventional
system, it provides flexibility of centralized arcal control. But it has not developed
to be proven in rural use.

Indoor facilities

There should be several rooms (3 x 3 m?) for theiong equipment:

1. central control room, measuring equipment, dpesaoffice

2. brackish water treatment and potable water geonmom (possibly 6 m
length)

3. battery system 1 (10 000 kg weight for a lead-agstem!)

4. battery system 2 / spare

5. flywheel storage, hydrogen generation and fakl c

6. wood gasification boiler, heating, hot water g@tion and heat storage
room

) mechanical workshop / training
8. electrical workshop / training

Direct and wide outside access doors for some romithacilitate installation and
maintenance work. Some equipment might pose spgemands on the facilities.
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Some facilities can only operate in a separatedimglon the one hand for safety
reasons, on the other hand if too much space msirsgfjor the system is only
suitable for indoor use.

1. Hydrogen storage shack: This is a room to sémoeind 100 high pressure
50 | bottles with hydrogen near the hydrogen gepericated inside the
main building.

2. Plant oil processing and storage facility

Display

The intention of this centre is to promote renewabhergy usage; therefore the
visitor has to encounter information everywherethe complex. Arriving at the
Entrance Court his path directly leads to the Destration Turbine. At the
Reception, while waiting, a display should givestfiimpressions about the energy
system underlined by control gauges with actuakamption plus actual and total
wind energy generation indication. With the minupessing by they can get an
impression of variations. This can be done witlgdadisplays, which should be
accessible throughout the whole complex to giveaitteal energetic situation. This
allows the visitor to compare actual available wpmiver with diurnal consumption.
They have to be made aware of the limitations ahwhm@tages of renewable energy
generation and deal with their impressions amoegtelves.

To give an impression of a major display
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Major display with actual consumption and wind getion. A history plot
illustrates the course of demand and supply anégyieason for the actual fictive
energy price.

For every electrical system a display gauge shaafdrm about its actual
consumption at the entrance, examples of suchitfesibre:

Lecture Theatre

Shop

Offices

Kitchen

Village

Plant oil processing shack
Hydrogen storage

Fuel cell

Plant oil generator
Brackish water treatment
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Exhibition

Computer corners for interactive access to dataisfiodmation as well as Internet
connection for public use should be an integragaduire of the building.

3.6.2.1 Visitor's exercises

3.6.3

3.7

A possible task might by an energy passport foryevesitor where he/she has to
write down which kind of energy and water they hasasumed and at which price.
After a conference a certificate may be issueddog@energy efficient behaviour.

Transformer station

A transformer station has to be erected to avosgdipiation of energy into heat for
surplus generation and to have a backup systewutages or required maintenance
work on one system. To keep the system easy totamaifor the local enterprises
the transformer station should be erected direatit to the transmission line for the
wind farm. While working on the network for the wlifiarm a circuit breaker could
easily be installed for the transformer stationsljust a small outdoor station like
being used for small villages or larger farms.

Conclusions

This report is not meant to be comprehensive fadaal independent power supply.
It is intended to give a summary for the speciaigle study of the Centre. The
technologies and the equipment presented should teeldesign the building
facilities and to enable uncomplicated further gtowwith gradual implementation
of the equipment or other future technologies.

By means of this investigation it is proven that thitial concept of a 100 kW wind
turbine exclusively supplying the Centre is a galiand feasible approach. In the
first stage the WEC and the technical building Ifaes will be erected. The main
complex with approx. 70 by 12 m? in dimension willegrate these technical rooms.

After erection of the WEC, the energy generated b fed to the grid via a

transformer station. The control room and the dilrbattery system follow to

enable a reliable and basic supply for the begmmhthe research and training
intentions. A storage capacity of 200 kWh is sudint to cover calms throughout
the year while consumption is low and a substapiation of surplus energy could
be fed to the grid. Selling surplus energy at netxdor the donated equipment
immediately provides income to pay staff and buiddmaterials.
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