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Executive Summary 

A pilot integrated biogas system was installed at Three Crowns Rural School in the Lady 
Frere District as part of the DBSA funded Chris Hani District Environmental 
Management System programme. The pilot biogas system forms an integral part of the 
CHDM & WESSA’s ongoing award wining ‘blueprint for a Sustainability Commons’ 
programme at the school providing effective sanitation, renewable energy in biogas 
energy for cooking, nutrient recycling in the form of pathogen free algal biofertilizer and 
recycled pathogen free water for irrigation of the school gardens. 

A key objectives of pilot at Three Crowns School is demonstrate the viability of integrated 
biogas technology as an appropriate technology / system for roll out at rural schools, not 
only as an effective sanitation system but the system also serves as a life science 
laboratory that teaches through the practical demonstration of important sustainability 
concepts and technologies such as zero waste, environmental biotechnology, renewable 
energy production, resource recovery and recycling as well as support and integration to 
climate resilient local agroecological food production systems. 

The pilot system not only achieves these objectives but also demonstrated that many of 
the system components can be installed using labour intensive low tech contraction 
technologies suitable for roll-out as an Extended Public Works Programme (EPWP).  The 
labour content for the installation was 20% and it is possible to increase this to over 33% 
with increased economies of scale, learning and efficiencies in the rollout phase as well as 
through the replacement of rotomoulded with a capped fermentation pit of underground 
brick dome digester. In order to qualify for funding under the DOEA EPWP programme 
capital costs would have to be covered from separate non EPWP based funding  source 
which is likely to be in the form of a loan from the DBSA. 

It is recommended that the pilot be extended to other schools to test the integrity of the 
system under different operating conditions and also to attempt to increase the local 
labour content of the installations. 

The CHDM and WESSA have committed to provided ongoing monitoring and mentoring 
support for the extension of the pilot if it is incorporated into the broader rollout of their 
blueprint for a sustainability commons programme at rural schools in the district.  The 
DBSA has indicated the possibility of providing grant funding for the detail design of the 
roll out school programme to another seven schools if this DBSA grant was underwritten 
by a guarantee in the provision of loan finance for a component of the installation costs.  

This report details the system and component design, provides insight into the 
installation and outlines the opportunities relating to the extension of the pilot 
programme and the rollout of the system to other rural schools. 
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1. Introduction 
 

People’s Power Africa was appointed by Coastal Environmental Service to design and 
implement a pilot integrated biogas system for rural schools as part of the DBSA funded 
“Chris Hani District Municipality Environmental Support Programme”. The system was 
designed specifically to support and compliment the existing WESSA school garden and 
feeding programmes in the district by providing: 

o Biogas energy for cooking; 

o Pathogen free biofertilizer for the garden;  

o Pathogen free water for aquaculture and reuse as irrigation; 

o Create a demonstrable and educational example of zero waste environmental 
biotechnology. 

 

 The scope of this work included: 

1. Conduct a value analysis and component development for a high rate algal pond 
and off-grid paddle wheel. 

2. Identify a suitable school for the intervention. 

3. Undertake a process design and geometries for the system. 

4. Liaise with all and holders to develop a functional layout that integrates with 
existing systems. 

5. Provide the construction costs and schedule for the installation of the system. 

6. Provide a summary of the anticipated energy and nutrient outputs from the above 
system. 

7. Coordinate and manage the construction of the system. 

8. Commission the system. 

 

This report summarises actions to date and provides a proposed process design and 
layout of the digesters and related components with the associate cost estimates and the 
schedule of works. 

 

2. Background to the project 

2.1 CHDM Environmental Support Programme  

2.1.1 Project overview 
The DBSA Development Fund has been assisting Chris Hani District Municipality with a 
suite of environmental management tools over the past 4 years. These include an 
Environmental Management System, an Environmental Management Plan, an Integrated 
Waste Management Plan, and a series of Environmental and Climate Change Awareness 
and Training programmes. The conceptualization and planning of two pilot projects were 
an integral part of the above initiatives. The first pilot explored creative ways to address 
solid waste, sewage from waste water treatment plants and manure from piggeries in an 
integrated manner. The second was to support an existing Eco-school programme in a 
remote rural area near Lady Frere. This project was initiated by various NGO and 
government partners. The DBSA funds helped to plan and build a biogas digester, 
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powered with wind energy. It is the first of its kind in South Africa. These pilot projects 
will help inform a roll out programme to address environmental and health issues in the 
District. 

The strength of the programme lay in the holistic and integrated approach to seeking 
rapid practical solutions to the emerging local and global environmental crises.  The first 
pilot project to be implemented was the 3 Crowns School Project, which focused on 
supporting community champions and building networks across sectors and departments 
each organisation bringing on board highly dedicated and passionate champions. The 
passion was soon contagious and more and more people started to take a keen interest in 
supporting the initiative. 

2.1.2 Institutional arrangements, key funders and contributors 
The institutional arrangements are presented in a Terms of reference (TOR) between all 
roll-players that was ratified by the CHDM EMS PSC in May 2010. In essence the main 
role players for the project including project sponsors are WESSA, DBSA, Chris Hani 
District Municipality, ESKOM, Dept of Education Lady Frere Office, Peoples Power 
Africa, Finishes of Nature, Department of Economic Affairs and the Three Crowns School.  

2.1.3 Context 
The Chris Hani District Municipality supports about 800 000 people. It represents an 
amalgamation of formerly separated administrative entities: the former “South African” 
Eastern Cape Province and the former Ciskei and Transkei homelands 

The topography of the District ranges from Karoo plains in the west to the mountainous 
regions of the east.  The District is part of what is described as gradual “step” topography. 
The “steps” are formed by the Winterberg mountain range in the south and the 
Stormberg range north of Sterkstroom. 

The main drainage systems are the tributaries of the Great Fish, Great Kei Rivers and 
Mbashe river systems, which drain into the Indian Ocean. 

 Rainfall patterns reflect the landscape declining from the east to the west. Overall 
temperatures fluctuate from cold and freezing in winter towards extreme heat in summer.  

As a result of varied topography, soils and weather patterns,  the District supports a 
variety of vegetation biomes and associated species, ranging  from the Nama Karoo in the 
west, to the more moist Highland Grass in the east. Valley thicket occurs along the Kei 
and Mbashe River systems and there are pockets of afromantane forest occurring north of 
Ngcobo.  

The area is not only rich in natural splendor but it also supports a rich variety of diverse 
cultural heritage and influences including heritage sites of  Khoi San rock art, mission 
stations and cultural routes that track the history of some of  some of South Africa’s most 
highly respected leaders  such as Chris Hani himself.  

The District economy is driven by the community services sector, trade (and services) 
sector and agriculture. 

In the former RSA component of the district, land use is largely characterized by nodal 
urban development (small service towns) and commercial farms with Queenstown as the 
largest centre. 

The settlement and land use patterns in the former homeland areas, in which the 3 
Crowns project is situated, are distinctively different. Settlements are predominantly 
dispersed in the form of traditional rural villages where subsistence-farming practices 
(pastoral and dryland cultivation) are the dominant forms of land use activity.   

• The quality of life in rural villages is generally low. It is marked by poverty and a 
lack of access, services and amenities.  

• Most people are unemployed and rely on social grants and remittances from 
family members working elsewhere 
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• The economy revolves around the pension payment day every month 

• Agriculture is restricted to a low-level maize production for own use 

• Livestock is farmed in the traditional manner and not commercially.  livestock is 
of a low quality with little value  

• In most areas grazing land is overgrazed and invaded by alien vegetation  

• Degraded landscaped, loss of biodiversity, water scarcity and polluted and poor 
water quality  and lack of food security are issues  of rising concern 

• Lack of adequate of engineering and social services such as sanitation, education 
and health especially in the remote rural areas. 

 

2.1.4 The Schools Programme 
Three Crowns Junior Secondary School is situated in the Lady Frere district of the Chris 
Hani District Municipality, in a remote rural area, where hillsides and grassland and 
savannah plains meet. The school is named after the hills around it. The school services 
the surrounding community where there is a serious lack of services (reticulated water, 
electricity, sanitation) in many of the households. 

Typical of many South African rural communities, the school forms a nucleus for 
learning-through-doing and social interaction within the whole community. It therefore 
is pertinent that sustainability projects would begin, and grow, from local school life. The 
school becomes an excellent vehicle for change projects to be implemented, proven and 
adopted by the surrounding community. 

This makes for an ideal situation for school-to-community empowerment in the form of a 
sustainability commons; which began to establish an array of alternative energy 
technologies 4 years ago. 

The alternative energy designs are simple, effective and easy to replicate and many are 
built from any material readily available. Some of the examples (most of the earlier 
ones…) are the usual tried-and-tested renewable energy designs with which most people 
are familiar with; while the later technologies have become more sophisticated and 
deliver an integrated approach to sustainability, social interaction, and environmental 
integrity  

The sustainability commons grew though support from the Chris Hani District 
Municipality and the ESKOM Energy and Sustainability Programme. However, the 
“commons” concept needed the inclusion of an integrated learning approach to the 
technologies. The Lady Frere district office of the Department of Education (DoE) has 
used the commons as a platform for all schools in the district to be able to visit the 
school/community in order to learn about energy efficiencies and be able to replicate 
similar projects within their own schools. 

Thus the project soon began to expand. The original funders and supporters for the 
project  (the ESKOM Energy and Sustainability Programme and the Chris Hani District 
Municipality), have opened up spaces for other partners, who have been able to support 
the growth of the project to other communities in the district. Currently the project 
supports 4 sustainability commons in the district. There are plans (though large scale 
funding from the Development Bank of South Africa) to increase the project to 
incorporate all the areas. 

The following (working) demonstration technologies were built at the school: 
• Greenhouse / shade-house nursery (made from recycled plastic bottles) 
• Solar cookers 
• Two different models of solar water heater 
• Hot-box 
• Integrated bio-gas digester & algal ponding systems 
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• Eco-circles, vermiculture and permaculture 
• Zeer fridge 
• Wind energy generator 

Phase two of the project focuses on growth through replicability – three other schools 
have joined the commons concept, incorporating communities in 4 local municipalities 
within the district. This replicability remains sensitive to the local conditions at each of 
the schools and communities. DBSA is currently exploring a wider national school 
programme and the lessons learnt from the Chris Hani 3 Crowns School will be a key 
driver to promote a more sustainable development approach to meeting the National 
Goal of education for all. 

 

2.1.5 The integrated biogas and algal system at three crowns 
At the April 2009 CHDM EMS steering committee meeting CES invited PPA to present 
out key aspects of its draft report entitled “Integrated Biogas Potential in the Chris Hani 
District Municipality”. The DBSA indicated that it was mandated to assist with the 
provision of appropriate sanitation to 600 rural schools in the CHDM and that it would 
be appropriate to implement a pilot integrated biogas system at a rural school to 
demonstrate the energy and nutrient beneficiation potential of such a system especially 
given the strong potential linkages to the WESSA’s schools gardening and nutrition 
programme and the benefits relating to ongoing monitoring and support by WESSA 
through their long term commitments and support of their support schools programme 
in the district.   

The use of high rate algal ponding for secondary treatment was recommended as this 
would provide pathogen free microalgae for biofertilizer as well as bright water for 
aquaculture and irrigation of the food gardens. In this regard it was recommended that 
the project included a product/component development and value analysis of an off-grid 
high rate algal pond including a solar or wind powered paddle wheel. 

The Three Crowns School was selected as the location of the pilot as this school was a 
success model for the existing WESSA school garden and feeding programmes and the 
integrated biogas pilot would be required to perform the following functions: 

o Providing robust low maintenance sanitation for the 170 staff and pupils at Three 
Crowns School as well as the codigestion of the associated kitchen waste (17kgs/day).  

o Demonstrating effective resource recovery and energy generation from biowaste 
streams through the production of; 

o biogas energy for cooking; 

o pathogen free biofertilizer for the garden;  

o Pathogen free water  for reuse as irrigation in the schools gardens 

o Create a demonstrable and educational example of zero waste environmental 
biotechnology. 
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3. System design 

3.1 Process design 
The system is based on the patented AIWPS system which the Department of Water 
Affairs and Forestry (DWAF) brought into the public domain in South Africa after 12 
years of extensive testing at the 500 person reference plant at the Institute of 
Environmental Biotechnology, Rhodes University (IEBRU), who have produced a series 
Water Research Commission reports that confirm the systems capacity to deliver 
consistent effluent quality suitable for discharge to aquifer [1]. 

 

 

 

 

 

 

Figure 1:AIWPS reference plant at EBRU Grahamstown  

The AIWPS process is similar to those of conventional wastewater treatment plants. 
These involve primary sedimentation, flotation, fermentation, aeration, secondary 
sedimentation, nutrient removal, storage, and final disposal.  
 
The hybrid AIWPS system is composed of a series of four processes. The first of the series 
is the digester. Waste water and biomass is introduced near the bottom of the digester 
where most of the settleable solids remain in the digester for over a 100 days.  Total 
combined overflow velocity is designed to be low enough (less than 1 m. day-1) so that 
heavy metals, helminth ova (e.g. tapeworm) and other parasites also remain in the 
fermentation pit.   
 
The next process is the Facultative Pond, in which the anaerobic effluent from the 
digester is introduced into a bottom zone. Carbon dioxide becomes available to support 
algal growth in the upper layers of the facultative pond, and the generation of 
photosynthetic oxygen provides, in part, for the aerobic function of this compartment. 
The upper aerobic layer is also responsible for particularly effective entrapment and 
oxidation of odour causing compounds.  
 
The High Rate Algal Pond (HRAP) provides an effective method for the oxidisation of the 
effluent from the PFP. Paddle-mixed raceway requires short retention times of 4 days, 
and produces much more dissolved oxygen than a conventional secondary facultative 
pond. Algae in HRAP forms stable flocs, which settle readily for ease of harvesting which 
will takes place in the Algal Settling Pond (ASP) and will produce an nutrient rich algal 
slurry with a solid content of about 3%.  Although one algal pond will suffice the use of 
two algal ponds is recommended to ensure complete sterilisation and no shortcutting of 
influent streams through the system.  With any increase in solid content of the influent to 
the digester the chemical oxygen demand of the influent to the algal ponds will increase 

                                                           

1 “Salinity, Sanitation and Sustainability, A study in environmental Biotechnology and Integrated 
Wastewater Beneficiation in South Africa.”, Rose et al, 2002, WRC Report No: TT187/02, ISBN No: 
1 86845 884, Environmental Biotechnology Group, Rhodes University, Grahamstown, RSA 
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accordingly and may facilitate the need for dilution of the influent in the algal pond with 
‘make-up water’ from the maturation pond.  
 
 
 
 
 
 
 
 
 
 
 
 

 

 

Figure 2: Process Design of the Integrated Biogas Sy stem at Three Crowns School 

 
The ‘bright water’ effluent from the AIWPS system discharge into maturation pond which 
should be stocked with appropriate finfish to deal with the build up of residual algal and 
plankton levels. It is recommended that the pond is stocked with tiapia mozambicus 
which can be introduced without a licence. The ponds can later be upgraded to include 
the cultivation of marron (Cherax tenuimanus) which can be grown under licence in the 
Eastern Cape.  Both these species will thrive on residual algal biomass in the effluent 
form from the ASP as the zooplankton created in the nutrient rich oxygenated effluent 
from the ASP.   
 
After consuming all the plankton, the fish produce their own wastes which are 
mineralized naturally in the pond itself creating a new cycle of nutrients in the pond 
produced by fish, plankton and orthotropic and heterotropic organisms.  
 
These nutrients together with the algal biomass harvested from the algal settling ponds 
provide excellent pathogen free biofertilizer for crops.  It is recommended that this pond 
water is used for irrigation of the food gardens. 
 
The overall flow through the system is ideally via gravity although a pumping may be 
required for irrigation form the maturation pond.   
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Number of Adults & Children 170 people

Average BOD per person (faecal)/day 0.0462 kg/day

Percentage of capture for the day 30%

Waste water production per person 20 l/person/day

Average daily waste water flows 1020 litres

BOD of influent 2.310 g/litre BOD5

3.2 System design geometries  
The integrated biogas and algal ponding system is designed to treat all wastewater 
generated at the school by its staff, pupils and visitors based on the following 
assumptions which include for future expansion of the school by 20%: 

Table 1: Assumptions for waste water flows 

 

 

 

 

 

 

Peak flows are assumed to be 1530 l/day, that is 50% greater that the average daily flows 
of 1020 l/day.  

Table 2: System Flows & Geometries 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The first phase of the AIWPS system, namely the anaerobic digestion phase, should have 
a five day retention time achieve a minimal BOD reduction of 50%. Ordinarily this is 
achieved through the use of a deep in-pond fermentation pit, however given the low 
volume of the flows through the system and the shallow 1.5 meter depth of the bedrock in 
the area the best solution based on cost, ease of install and the capture of biogas would be 
the use of a dual digester two made up of two 4m3 Agama Biogas Pro digesters connected 
in series.   
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In addition to the wastewater processing requirements it is proposed that the production 
of biogas is increased through the codigestion of additional biowaste available onsite in 
the from canteen waste, ensilaged grass cuttings as well as animal manures from the 
surrounding village.   

Table 3: Additional biowaste co-digestion quantitie s 

Number of Adults & Children 170 people

Foodwaste per person per day 0.1             kg/day

Total food waste 17.0           kg/day

Animal manures

Ensilaged grass

Discounted 

Discounted  

 
For the purpose of determining the residual biogas production levels the addition of 
animal manures has been discounted. The low dilution of these codigested solids in the 
overall low volume negates the use of additional make up water.  It is recommended that 
any increases in codigested solids should be managed with care not to shock the system 
and that theses additional codigested solids be diluted so that the overall mix of solids in 
the digester does not exceed 5%.  For example fresh cow manure which has a solid 
content of 15 to 20% solid content can be diluted with two parts water to achieve the right 
consistency for digestion. 
 
 

3.3 System Capacity 

3.3.1 Sustained peak loading 
Although system design peak flows is assumed to be of 1530 litres per day, the system can 
handle a sustained 2000 l/day because of the extra capacity in the two AGAMA digesters 
and the extra five day hydraulic retention time (HRT) in the high rate algal ponds 
(HRAPs) over the minimum design HRT of three days. This is equivalent to 
continuous sustained peak loading of 222 people per day. 

Furthermore, the anticipated BOD reductions from the BiogasPro digesters is given as at 
least 80% as apposed to the conventional AIWPS fermentation pit which has a BOD 
reduction of 50%. This 60% increase in BOD reduction in the primary fermentation phase 
means that the system could handle a sustained flow of 3200 litres per day which relates 
to the water generated by 533 people.   However, under a sustained loading of 3200litres 
per day (533 people) the limiting factor will be the performance of the wind-powered 
(HRAPs) [2] which will have a HRT of 3.75 days which is close to the minimum HRAP 
design HRT of three days. For this reason it is not recommended that peak sustained 
loads of between 222 and 533 people are not maintained for a period of more than two 
days.  

3.3.2 Peak loading from single day events 
Peak loading is a function of the number of people, the duration and frequency of the 
event.  The system is generally considered robust and can handle substantial peak 

                                                           

2 Conventional HRAPs have continuous circulation (during sunlight hours) from the paddle wheels 
whereas in this system they are driven by a non continuous wind source. Tests at EBRU show the 
raceway can operate without stirring for prolonged periods of time due to the prolonged HRT 
within the pond as the biological process continue regardless of the stirring process (albeit less 
efficiently).  It is recommended that the ponds are stirred twice a day to prevent the formation of 
unwanted surface algae and to encourage the beneficial algal matter to clump together in flocs for 
ease of harvesting.   
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loadings because of the extended retention time of 27 days through the entire system (not 
including the maturation pond). 

The WRC studies [1] indicate that the AIWPS™ system is able to continuously meet the 
DWAF effluent emissions criteria at ten fold increases in the specified COD levels 
provided that the hydraulic retention time remains  consistent. Conversely, the AGAMA 
Biogas digesters can accommodate peak loading conditions of at least five times the 
specified hydraulic retention time provided that the Chemical Oxygen Demand (COD) of 
the waste remains consistent[3].  

Based on the above and the assumptions of a maximum sustained peak loading over two 
days of 533 people (refer 3.3.1) it is assumed that the maximum single day peak loading 
can be as high as 1066 people.  These assumptions on the capacity of the system to 
accommodate sustained and single peak loads will be validated during the systems 
performance monitoring assessment. 

 

3.3.3 Recovery from system shutdown  
System shut down over the holidays is not affect effluent water quality at start up as 
demonstrated at the AIWPS demonstration plant at EBRU.  Biogas production will 
continue throughout the holidays and surplus biogas produced during this period will be 
vented to atmosphere through the BiogasPros safe built in pressure release mechanism.  
This vented methane is not a health or safety risk but because methane is a green house 
gas and it is a valuable fuel, the use of this gas for cooking of meals or heating of water 
during the holiday period by the community or the Janitor should be encouraged. 

 
 
 

                                                           

3 Conversations with Greg Austin of AGAMA Biogas 
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4. Component design & development 
 

A design and development process, including value analysis, was conducted to determine 
the optimal components to be used given the system processes and scale. The objective of 
this exercise was to develop cost effective & reliable components for a small scale AIWPS 
consisting of integrated biogas systems with algal ponding that can be implemented at 
rural schools.    

The components to be investigated included: 

o biogas digester,  gas capture and storage  
o algal paddle wheel  
o non-grid powered paddle wheel drive 
o algal raceway structure  

 

4.1 Biogas digester, gas capture and storage 
In a conventional AIWPS system, anaerobic (biogas) digestion takes place in a 4m deep 
fermentation pit can be constructed inside the primary facultative pond, however these 
are typically used for larger flows.  Other options for digestion includ the conventional 
brick dome digester as well as prefabricated systems such as the AGAMA BiogasPro 
rotamoulded system. 

 

 

 

 

 

 

Figure 3: The conventional brick dome digester and the rotamoulded AGAMA BiogasPro 

Experience shows that the brick dome digester can cost up to R40,000 for a 6m3 digester 
volume when installed in isolation at remote locations and that their installation requires 
the use of high skill labour components  

The AGAMA biogas pro rotamoulded digester can be installed at for R37,500 per 4m3 

digester volume but with less install complexity.  

Advantages of the AGAMA BiogasPro digesters are:  

o an individual digester is guaranteed to process 1000litres of waste water, 
o public indemnity is included if the installation is carried out by a certified 

supplier, 
o the digesters can be buried safely next to the school reducing pipe installation 

costs, 
o the digesters can be connected in series to increase efficiency of the digestion 

process.  
o The BiogasPro digesters are the only digesters that are supplied with a South 

African Pipeline Gas Association safety certification 
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Disadvantages of the AGAMA BiogasPro Digester are: 
o High material costs and low local labour costs.  
o The digesters are not made in the district and so purchase of results in money 

flows outside of the local economy and does not contribute positively to local 
economic development. 

o The AGAMA digesters are made from plastic linked to emissions of fossil fuel and 
price volatility. 

o The AGAMA plastic digesters may be subject to embrittlement through 
degradation by sunlight over time.  

o The relatively shallow depth of the digester (2meters) may not be as effective as 
the deep fermentation pits of the AIPS system for the capturing of helminth eggs. 

 

Given the short project timelines and the logistics and local skills issues associated with 
the remote rural installation at the Three Crowns School it was decided to make use of the 
AGAMA digesters.  However, with a broader roll out it may be prefereable to construct a 
brick dome digester or a capped fermentation pit instead, especially if the project is to 
regarded as a labour intensive Expanded Public Works Programme. 

 

4.2 Algal paddle wheel  
Conventionally long high rate algal ponds are mixed using paddle wheels that are 
essentially  designed as positive displacement vane pump and which are capable of 
developing a suitable head of water that is required to drive water around the long 
raceway pond. Substantial research[4] is available on the design mechanisms for efficient 
of high rate paddle wheel operation of the positive displacement vane pump. Little 
information is available however on value analysis of the construction of these paddle 
wheels or the efficiencies in application in smaller ponds. A typical design rule of thumb 
for a long rate algal pond for waste water treatment in a 0.35m deep algal raceway with 
0.15m of freeboard driven is the use of an eight blade paddle wheel positioned in an 
invaginated sump rotating at roughly 5 rpm  to achieve a mixing velocity of 15 meters per 
second in the pond.  

A review of paddle wheel technology for long ponds in South Africa indicates that there is 
a preference for a steel shaft and frame connected to plastic paddle blades. 

 

Figure 4: Typical HRAP paddle wheel constructions fo r long high rate algal ponds in South 
Africa (Source EBRU) 

In smaller ponds a four bladed paddle wheel are often preferred and this may also include 
the use of partial depth blades although there is little literature focusing on the efficiency 
of design of these partial depth blade systems. 

                                                           

4 Energetics of advanced integrated waste water pond systems, Oswald and Green et al. Water Science 
Tech Volume 31. no. 12, 1995 
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 Figure 5: Four bladed full depth and partial depth  paddle wheels systems at Shamwari 
Game lodge and the Wild Coast Abalone farm 

Based on the system design geometries for the rural schools system the high rate algal 
pond design will be relatively small ponds will be roughly 2m wide x 9m long which 
makes it viable to use a four blade paddle wheel configuration with a partial-depth blade.  
This has been confirmed by applied research in a similar length algal pond that was 
constructed at the Amathola Berries farm where even the turning of the paddle wheel 
frame without the use of blades generated a flow through the raceway. 

4.2.1 Paddle wheel shaft and frame 
As the paddle wheel is exposed to the highly oxygenated environment it is imperative that 
care is taken to eliminate corrodible materials form the design. Three alternative 
construction options investigated namely:  

o Stainless shaft and steel frame 

o Epoxy coated steel shaft and frame (using food grade epoxy). 

o All plastic shaft with integrated frame and blades 

The stainless steel and epoxy coated steel shaft and frame was based on the following 
design. 

 

 

   

 

 

 

 

Figure 6: Design for costing of steel shaft and fra me paddle wheel 
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The alternative to a steel shaft and frame is the use of a plastic shaft with integrated 
blades and frame that are welded directly to the shaft. The design for this system to be 
built entirely out of HDPE is shown in Figure 7 below.  

1
3
5
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m
m
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m
m

5
0
m
m

 

Figure 7: Design of a 100% plastic HDPE algal paddle wheel 

 

The above designs were forwarded to local manufactures who quoted for the construction 
as follows: 

No. Paddle Wheel Options (including bearings) Supplie r Cost Excl VAT

1 Grade 316 Stainlees shaft and frame B&K Stainless 11 700.00R   

2 Epoxy Coated Steel shaft and frame Nikki Swartz 4 300.00R     

3 HDPE shaft and integrated blades and frame Pat Mike Sales 16 816.00R    

 Table 4: Cost of eight blade paddle wheel options  

Although option no. 2 above is clearly the cheaper option a high regard for quality 
assurance is required to ensure that the epoxy is applied properly. Option no. 3 above 
includes the integration of paddle blades.   It must be noted that the costs above were 
compiled for a paddle wheel to drive a single 4m wide x 9m long raceway. The use of a 
two high rate ponds is recommend in order to reduce shortcutting through the system 
and so it is anticipated that two smaller paddle wheels to power two 2m wide x 9m long 
raceways.  This will lead to an anticipated increase in the cost of construction by 25% to 
cover additional paddle blade spokes and bearings. 

4.2.2 Paddle Wheel Bearings 
Option No. 1 above includes the use of corrosion resistant teflon bearings with a lifespan 
of five years. Experience from EBRU5 shows that conventional pillar block bearings that 
are will last for five years in any even and are much cheaper (typically R150 to R300 per 
pair) and are standard items at any engineering supply store.  As a matter of interest the 
cost for a pair of corrosion resistant vesconite bearings were prices at R5743.9 6.  

                                                           

5 Discussion with Dave Render, EBRU. 
6 Patmike Sales refer to quote in appendix. 
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4.2.3 Paddle blades 
Although the initial design was for an eight blade paddle wheel, applied research at the 
4m wide x 10m long algal raceway pond at the Amathola berries farm indicates that a 
partial-depth four blade paddle wheel is able to provide suitable mixing and circulation.  
Literature suggests the use of corrugated fibre glass sheeting[7] or marine ply, however 
South Africa has successfully demonstrated the use of HDPE panels[5] which can be 
sourced at R165 /m2 [8].  

4.3 Non-grid Powered Paddle Wheel Drive 
Overall power requirements for paddle wheels are directly proportional to the mixing 
velocity and paddle wheel width and depth.  The 8 meter wide by 60 meter long algal 
raceway at EBRU in Grahamstown uses a 300watt drive for each paddle wheel. According 
to literature [4,7] the typical power requirements an eight bladed positive displacement 
vane pump paddle wheel  in a 35cm pond at a mixing velocity of 15cm/s is 20kWh/ha per 
day which indicated that the power requirements for the EBRU paddle wheels could be 
reduced by more than 50%.   

There is little literature on the power requirements for a four blade partial-depth paddle 
as these have generally been used in experimental applications with little regard to 
efficiency. At the time of writing this report PPA was busy testing the optimal power 
consumption of such a system at the similar sized 10m length algal ponds at Amathola 
berries.   From our primary observations we can deduce that a maximum of a 150watt 
supply is required to drive the two paddle wheels in an eight bladed positive displacement 
vane pump configuration.  Further testing at the Amathola berries farm will take place 
over the period of February to determine the optimal power requirements for a four 
bladed partial-depth paddle wheel configuration. 

4.3.1  Solar powered paddle wheel drive 
Based on the anticipate power requirements for a partial-depth four bladed paddle wheel 
a 72 watt DC electric drive unit was undertaken and completed in completed in January 
2010.  The unit was designed using a generic windscreen wiper motor and gearing in 
order to reduce costs. 

 

 

 

 

 

 

 

Figure 8: The solar compatible 72 watt DC powered p addle wheel drive prototype 

The cost (excluding VAT) for such a 72 watt system solar powered system will be as 
follows: 

                                                           

7 Benneman, 1986 
8 Razemba, June 2009 
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72 watt DC drive Unit:   R 2300 [9] 
150 watt solar drive:   R 4700 [10] 
Total Cost   R 7000 
 

The unit was tested on the 2 x 1.8meter wide paddle wheel configuration at the Amathole 
Berry Farm using a 12volt battery instead of a solar panel and coupling the drive unit to 
the paddle wheel configuration by means of a chain drive positioned between the two 
paddle wheels. The results of the tests were that the drive unit struggled to start the 
paddle wheels turning and the unit was only able to drive one of the 1.8m four blade 
paddle wheels (pond depth 0.30m) when there was existing rotational momentum.   
Based on the outcomes of these tests it was concluded that a larger and more expensive 
solar driven paddle wheel configuration would be required which would push the costs of 
the solar powered drive unit up to at least R14000. 

 

4.3.2 Wind powered paddle wheel drive 
 

Although not initially in the project scope, the use windpower inorder to drive the paddle 
wheels has been investigated at a desktop level.   

 

Wind units can be divided into two major types, horizontal axis and vertical axis 
machines. Horizontal machines some times known as HAWT (Horizontal Axis Wind 
Turbines) are the  traditional conventional design, they consist of a rotor with one to 
twenty blades driving a generator or a pump either directly or through a gearbox, chain or 
belt system. A tail vane or fantail is required to direct the machine into the wind. They are 
usually more efficient than vertical axis units known as VAWT (Vertical Axis Wind 
Turbines). Savonius and Darius are two designs of vertical axis machines.  

 

 

 

 

 

 

Figure 9: A simple Savonius Rotor 

 

Savonius wind turbines are simple high torque VAWT that were invented by the Finnish 
engineer Sigurd J Savonius in 1922. Aerodynamically, they are drag-type devices, 
consisting of two or three scoops. Looking down on the rotor from above, a two-scoop 
machine would look like an "S" shape in cross section. Design is simplified because, 
unlike horizontal-axis turbines, no pointing mechanism is required to allow for shifting 
wind direction and the turbine is self-starting. The differential drag causes the Savonius 
turbine to spin. Because they are drag-type devices, Savonius turbines extract much less 
of the wind's power than other similarly-sized lift-type turbines and as much of the swept 
                                                           

9 Based on manufacture costs of prototype manufactured by local fitter and turner Niki Swart . 
10 Ikwezi unplugged quotation for 2x SD75W SP, 25 January 2010 (refer appendix).  
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area of a Savonius rotor is near the ground the overall energy extraction is less effective 
due to lower wind speed at lower heights.  

 

Cost, reliability and efficiency: The benefit of the Savonius turbine is its low cost and 
reliability and are therefore used when cost and reliability are more much more 
important than efficiency. For example, most anemometers are Savonius turbines, larger 
Savonius turbines have been used to generate electric power on deep-water buoys and 
Savonius rotors are also used by remote communities in Eastern Africa to pump water[11]. 
Savonius rotors also often commonly seen on the roofs of vans and buses and is used as a 
cooling device.  

 

 

 

 

 

 

Figure 10: Performances of main conventional wind ma chines 

A simple low cost Savonius turbine can be made by attaching two halves of vertically split 
oil barrel to a vertical axis this produces a low speed high torque unit that can be used for 
pumping water and through a gearing mechanism, generating electricity. This design also 
has the advantage of an aerodynamic effect called the "magnus principal”, suction is 
formed by the air moving over the convex face of the rotor. This means that there is force 
acting on the face of the rotor pulling it into the wind. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11: Examples of double stacked Savonius rotors  

                                                           

11 Savonius Wind Pump In East Africa, Rabah and Osawa, International Atomic Energy Agency and 
United Nations Educational Scientific and Cultural Organization, International Centre For 
Theoretical Physics, May 1995 
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A Savonius rotor made from a double stacked 55-gallon-drum can generate around 60 
watts mechanical energy[12] in moderate winds and so it is envisaged that a Savonius 
turbines constructed out of two barrels will be sufficient to drive a partial-depth paddle 
wheel. 

Paddle wheels provide an important mixing function that is promotes the creation of 
beneficial algal flocs whilst inhibiting the colonisation of unwanted noxious algae that 
generally float on the water surface. It is recommended that algal pond mixing takes place 
at least twice a day [13].  An assessment of the site topography and the average wind 
speeds in the area (refer Figure 12 below) indicates that wind powered paddle wheel is 
likely to provide sufficient mixing in the ponds. The intermittent nature of wind power 
can be accommodated by increasing the retention time in the high rate algal ponds which 
is at present designed to accommodate an eight day retention time, more than twice the 
recommended retention period prescribed for an AIWPS system [1].  As a matter of 
interest a low rate algal pond with no stirring would have a minimal retention time of 
twenty days. 

 

Figure 12: Mean wind speeds at 60m above ground lev el in the Eastern Cape (Szewczuk et al, 
1999) 

 

The cost of a Savonius powered drive unit for the algal ponds is estimated at about R5000 
for two double stacked systems [14] which compares favourably with higher cost of the 
solar powered paddle drive. Other advantages of the Savonius wind power drive over 
solar are:  

o the system is more reliable with less parts and no electrical components; 
o the system is made up of low cost parts that can be sources locally; 
o excess power from the system can be used to drive a water pump for 

return water recycling and irrigation; 

                                                           

12 http://mb-soft.com/public/wind.html, Accessed January 2010 
13 Conversations with Professor George Chan, ZERI, Mauritius, October 2006  
14 Based on conversations with Rob Prestwich, of the Njongozethu MPO, who have recently constructed 

a double stacked Savonius wind turbine at the Ncera village. 



  Page 18 

 

People’s Power Africa   October 09, 2010 

1
.4

9.0

1
.0

0
.7

0
.6

1
.0
2

1 . 1 0

Pillar Block Bearing

20mm dia. EMS shaft

Worm gear or 

gearbox  15:1

0
.2
0

0
.4
0

0.60

2
.3
9

0
.6
2

Pillar Block Bearing

(not required with 

gearbox)

PLAN VIEW

SIDE VIEW

100mm painted galvanised  (or sandblasted 

and epoxy coated) box iron frame 

Overflow at 

35cm water 

level height

110mm upstand pipe to 

algal settling pond drain

Inlet pipe from facultative pond day-

lighting above 35cm water level

Steel drum halves offset by 12cm

0 0.75 1.25 2.5

15cm wide paddle 

wheel shoulder

3
.1
6

0
.1
3

Coupler to join drive shaft to paddle 

wheel shaft
1
.0
2

1.05 1.50

2
.5
4

0.25
0.21

Paddle plate = 240mm x 640mm

Paddle spokes at 600mm 

centres. Four sets of 20mm 

x 3mm flat bar spokes per 

paddle wheel offset at 90°. 

Entire paddle wheel 

including shaft in 316 

stainless steel.

o the system does not have expensive sought after components such as solar 
panels that are likely to be stolen. 

 
 

For these reasons it was decided to proceed with the design and construction of a 
prototype savonious drive for the paddle wheels which was constructed our of galvanised 
steel drums and mounted on a 100mm galvanised steel box frame as envisaged in the 
diagram and layout below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 13: Design and layout of the wind powered sa vonius turbine & algal paddle wheel  
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4.4 Algal raceway pond construction  
A desktop value assessment of different pond construction methods was undertaken with 
the objective of determining the most economically viable algal pond construction. 
Initially it was envisaged that this would lead to the development of rotamoulded algal 
pond components that could be welded together onsite.  However issues such as the 
increased cost of plastic, UV stabilisation, product lifespan and preference for a higher 
local content at install led to the conclusion that the ferrocement was the most 
appropriate material for algal pond construction.  This has been confirmed by the 
experience in the construction and use of ferrocement for the construction of rain water 
harvesting tanks in remote rural areas [15] water storage units field by the department of 
Water Affairs as well as the experience of building ferrocement algal ponds at the 
Amathola Berries farm.  

 

 

 

 

 

 

 

 

 

 

 

Figure 14: Construction and completion of the ferro cement ponds algal ponds at the Amathola 
Berries Farm, November 2009 (source: Finishes of Na ture) 

 

 

The following options with respect to algal raceway pond construction were considered : 

 

4.4.1 Rotomoulded Raceway Option 
This option involved the development of a number of 7mm thick rotomoulded segments 
that could be plastic welded together onsite.  A number of meetings were held with ECO 
tanks to discuss the viability of manufacturing these moulded segments and it soon 
became apparent that the advantage of ease of install was outweighed by:  

o the costs of the extrusion plastic welder (R45,000)  

o the requirement for toxic UV stabilised agents to be embodied in the plastic that 
was in contact with the algal water rotomoulded  

o the recent increases in the price of poly ethylene plastic to above R25 per kg 

o the lifespan of the segments are estimated at 10 years 

The construction and installation cost of building an algal raceway pond with 
rotamoulded segments is outlined in the table below: 

                                                           

15 Conversations with Jonathan Denison, Umhlaba Consulting Engineers, December 2009  
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Table 5: Installation Cost Summary for Rotomoulded Algal Pond 

Labour

Description Unit Quantity Rate
Amount 
(Rands)

Amount 
(Rands)

Earth works m3 3.43 R 100.00 R 343 R 343

Cost of mould shared across 100 ponds sum 1 R 1 000.00 R 1 000 R 1 000

Rotamoulded segments (4mx3mx7mm) sum 3 R 3 080.00 R 9 240 R 9 240

Welding of segments sum 3 R 100.00 R 300 R 180 R 480

Paddle wheel pedestals sum 2 R 300.00 R 600 R 400 R 1 000

Project management (10%) R 1 206

Commissioning (5%) R 603

Sum Total R 13 872

Cost per m 2 R 809

Materials / Contractor Costs

Cum Amount 
(Rands)

 

 

4.4.2 Coextruded LDPE Dam Liner Option  
This option involves the use of a 300micron co-extruded dam liner built overlaid on a 
brick framework. This framework could also be made out of boards as shown in Figure 15 
below. 

Experience [16] has shown that the use of the 300 micron thick dam liner is prone to pin 
hole leaks which are difficult to detect. The lifespan of this material is limited to 10 years. 

The costs for construction and installation costs of an algal raceway pond using this 
approach  are outlined in the table below: 

Table 6: Installation Cost Summary for Coextruded D am Lined Algal Pond 

Labour

Description Unit Quantity Rate
Amount 
(Rands)

Amount 
(Rands)

Earth works m3 9 R 100.00 R 850 R 850

Foundations (shared walls) m 24 R 96.00 R 2 304 R 922 R 3 226

Walls (shared walls) m 24 R 56.00 R 1 344 R 538 R 1 882

Sand blinding layer (5cm bed) m2 17 R 30.00 R 514 R 103 R 617

300 micron coextruded LDPE (+wastage) m2 52 R 20.00 R 1 040 R 208 R 1 248

Liner to Wall Fixing battons, etc m 40 R 87.00 R 3 480 R 1 000 R 4 480

Project management (10%) R 1 230

Commissioning (5%) R 615

Sum Total R 14 148

Cost per m 2 R 825

Materials / Contractor Costs
Cum Amount 

(Rands)

 

 

 

4.4.3 1mm LDPE Liner Option 
The use of a robust LDPE liner option for the construction of the algal ponds was 
investigated. Practical experience of building a prototype at a tilapia farm near Sedgefield 
indicates that although this is possible there are a number of issues, in particular the 
requirement for expensive plastic seam or extrusion welding services which can be 
difficult to source in remote areas. 

                                                           

16 Based on experiences of algal pond construction at Khaya Makasi’s farm at the Chintsa Agro-ecological 
farmers coop and also at the Green Harvest Project Aquaculture facility 
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Figure 15: Construction of Algal pond using LDPE line r, December 2010 (Source Finishes of 
Nature) 

The costs for construction and installation costs of an algal raceway pond using this 
approach are outlined in the table below: 

Table 7: Installation Cost Summary for 1mm LDPE Lined  Algal Pond 

Labour

Description Unit Quantity Rate
Amount 
(Rands)

Amount 
(Rands)

Earth works m3 9 R 100.00 R 857 R 857

Foundations m 24 R 96.00 R 2 304 R 922 R 3 226

Walls m 24 R 56.00 R 1 344 R 538 R 1 882

Sand blinding layer (5cm bed) m2 17 R 30.00 R 514 R 103 R 617

LDPE 1mm Dam liner (with wasteage) m2 52 R 110.00 R 5 720 R 5 720

Liner to Wall Fixing battons, etc m 40 R 87.00 R 3 480 R 1 000 R 4 480

Project management (10%) R 1 678

Commissioning (5%) R 839

Sum Total R 19 299

Cost per m 2 R 1 126

Materials / Contractor Costs

Cum Amount 
(Rands)

 

 

4.4.4 Cemlam/Cemforce Liner Option 
Cemlam and cemforce are proprietary cement based membrane technologies that have 
been demonstrated to be effective in the construction of ponding systems[17]. This double 
membrane system has the advantage of an ease of install with minimal material usage 
and is longer lasting than plastic products as it does not subject to UV degradation.  The 
costs for construction and installation costs of an algal raceway pond using this approach  
are outlined in the table below: 

                                                           

17 Cemlam and Cemforce system was used successfully in the construction of the Chintsa East waste 
water treatment works. 
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Table 8: Installation Cost Summary for Cemlam/Cemfo rce Lined Algal Pond 

Labour

Description Unit Quantity Rate
Amount 
(Rands)

Amount 
(Rands)

Earth works m3 8.5 R 100.00 R 850 R 850

Sand blinding layer (5cm bed) m2 17 R 30.00 R 514 R 103 R 617

Cemlam/Cemforce liner m2 40 R 213.00 R 8 520 R 1 050 R 9 570

Paddle wheel pedestals sum 2 R 300.00 R 600 R 400 R 1 000

Project management (10%) R 1 204

Commissioning (5%) R 552

Sum Total R 13 793

Cost per m 2 R 805

Cum Amount 
(Rands)

Materials / Contractor Costs

 

 

4.4.5 Ferrocement Liner Option 
Ferrocement is the typically a combination of wire mesh and packed concrete and is 
ideally suited to rural applications as it is a low technology and cost method of 
construction using commonly available materials. The costs for construction and 
installation costs of an algal raceway pond using this approach  are outlined in the table 
below: 

Table 9: Installation Cost Summary for Ferrocement Lined Algal Pond 

Labour

Description Unit Quantity Rate
Amount 
(Rands)

Amount 
(Rands)

Earth works m3 8.5 R 100.00 R 850 R 850

Structural Steel 2Y10 m 36 R 10.00 R 360 R 300 R 660

Mesh 156 and ties m2 30 R 25.00 R 750 R 600 R 1 350

Handpacked Gunite mix m3 4 R 1 200.00 R 4 800 R 1 650 R 6 450

Smooth plaster finish m3 0.4 R 1 200.00 R 480 R 600 R 1 080

Paddle wheel pedestals sum 2 R 300.00 R 600 R 400 R 1 000

Project management (10%) R 1 139

Commissioning (5%) R 520

Sum Total R 13 049

Cost per m2 R 761

Materials / Contractor Costs
Cum Amount 

(Rands)

 

 

The use of ferrocement was selected for the construction of the high rate algal ponds as it 
has the following benefits over the other options: 

o lowest cost option, 

o highest local labour content, 

o use of locally available materials. 

o best option for future rollout of the programme as a labour intensive expanded 
public works programme 

5. System layout 
The layout shows the position of two AGAMA Biogas Pro digesters close to the latrines 
and the point of gas use in order to minimise cost of pipe runs. The secondary algal 
treatment stage is positioned in a secure fenced area at the end of the existing garden in 
order to reduce footprint impacts to the existing play area and the currently utilised 
garden space.  
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Figure 16: Proposed layout of the integrated biogas system 

The AGAMA Biogas Pros are shown connected in series which in theory allows for 
improved digestion as this minimises shortcutting and encourages greater digestion 
efficiency the separation of hydrolysis  and acidification digestion phase from the 

methanogenesis phase. 

The algal drying beds are shown outside of the secure WWTW area as these are accessed 
by gardeners on a regular basis as a source of biofertilizer. 

The layout shows a return water system for latrine flushes and irrigation. This return 
water system including a wind pump, return water piping and the raised water tank is 
outside of the scope of this project and it is anticipated that WESSA will provide this 
infrastructure which can also be used for irrigation. 

The overall flow through the system is ideally via gravity although a pumping may be 
required for irrigation form the maturation pond.   
 
Given the minimal flows from the toilet blocks experienced through the system during the 
first six months of operation in 2011, it is likely that only one digester is necessary to treat 
the effluent form both toile blocks. This will allow for the second digester to be decoupled 
from the system and used entirely for the digestion of animal manures and biomass with 
its effluent used directly as fertilizer. This will have the added advantage of reducing the 
high nutrient loading on the algal ponding system that result from the codigestion of 
large volumes of animal manures.  
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6. System outputs 

6.1 Biogas 
The anaerobic digestion of solids will produce a useful methane rich gas commonly 
known as biogas which can be used for cooking, heating, lighting , electricity production 
and even as a vehicle fuel.  

Table 10: Projected Biogas Production from the System  

Biomethane Production Assumptions
Max CH4 from wastewater 1.4             kgCH4/day

Max CH4 from foodwaste 0.9             kgCH4/day

Efficiency of digester 85              %
Daily projected CH4 production 2.0             kgCH4/day

Annual projected CH4 production 714.2         kg CH4/year

Volume per kg of methane (normalised) 1.49           Nm3/kg

Methane content of biogas 60              %

Biogas production per day 4.9             m3/day

Biogas production per hour 0.2             m3/hour  

 

This  biogas energy is being used for cooking of daily meals for the school children.  It is 
anticipated that the biogas production levels should be able to provide enough energy to 
cook 183 meals based on current gas usage at the school.   

 

 

 

 

 

 

 

 

 

Figure 17: A biogas burner for cooking food 

 

The predicted digestible solids content of the feedstock influent is less than 1%. This 
digestible solid content can be increased to a recommended maximum of 5%, through the 
codigestion of fresh animal manure from the surrounding village as well as ensilaged 
grass cuttings, which can essentially lead to a substantial increase in the amount of biogas 
that the system can produce. During the winter periods the digestion process and biogas 
production may slow down with the decrease in temperature this and it is not 
recommended to overload the system during these very cold periods. 

The potential energy usage for this biogas that will be produced on site is summarised in 
the table below:  
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Table 11: Energetic value of projected biogas produc tion for different uses 

Electrical (Combined Heat & Power) Potential

Total Annual Energy Potential 10.63 MWh/year

Electrical Energy Potential  (η =28%) 2.90 MWh/year

Electrical generation capacity @ 90% utilis. 0.38 kW

CHP Thermal Energy Potential  (η =46%) 5 MWh/year

Vehicle Fuel Potential

Petrol Equivalence 1 209 litres/year

Gas Cooking & Heating Potential 

Equivalence in LPG 2.0 kgs/day

Biomethane produced per year 714 kgs/year

Annual Value of gas energy in LPG equiv. 12 856R     per year

Number of school meals per day 183 meals/day  

 

6.2 Nutrients 
Nutrients from the system are primarily harvested as a pathogen free algal slurry in the 
algal settling ponds. This algal matter is an excellent slow release fertilizer and foliar feed.  
Plant growth trials at indicate that the algal floc produced in the HRAP provides a 
fertilizer function which is at 40% more effective than commercial chemical fertilizers 
(e.g. 2:3:2 [N:P:K]) [18].  

It is anticipated that the system could produce as much will produce as much as 667 kg of 
algae per year (dry weight).  Muich of this algal biomass could be harvested in the algal 
settling pond. This algal biomass can be used directly in it wet form or in a dry form as an 
effective biofertilizer. The estimated economic value of this algal bio-fertilizer 
approximately R7000 per year.  Algal production can be increased by adding more 
digestible matter into the digester although the limit in harvestable algal matter is 
restricted by the size of the algal ponds.  

The algal floc and nutrient rich water highly oxygenated water (bright water) that passes 
on from the algal ponds to the maturation pond where the further groth of algal biomass 
as well as micro-organisms and zooplankton will occur. This will providing valuable feed 
to cherax and fin fish After consuming all the plankton, the fish produce their own wastes 
which are mineralized naturally in the pond itself. This leads to a new cycle of nutrients 
that is circulated in the pond and which leads to a second is cycle nutrients in the pond 
are produced by fish, Plankton and Orthotrophic and Heterotrophic organisms that in 
turn will produce enhanced bio-fertilizer for the aquaponics and the schools gardens. 

 

6.3 Irrigation and flush water 
The water that passes through the system has been effectively sterilised to with the 
removal of helmiths and heavy metals in the digestion phase, and the removal of 
nutrients, virus and ecoli in the highly oxidising high rate algal pond environment. 

                                                           

18 Reference to Horen and Horen studies in “Salinity, Sanitation and Sustainability, A study in 
environmental Biotechnology and Integrated Wastewater Beneficiation in South Africa.”, Rose et al, 
2002, WRC Report No: TT187/02, ISBN No: 1 86845 884, Environmental Biotechnology Group, 
Rhodes University, Grahamstown, RSA 



  Page 26 

 

People’s Power Africa   October 09, 2010 

Modes of sterilisation:  

Anaerobic fermentation  

o Digestion of solids into elemental nutrients 

o Prolonged (100+ day) oxygen free environment destroys most aerobic pathogens 

Algal Ponds with 

o Sunlight (UV)  

o DO (Dissolved Oxygen) – Supersaturated to 30mg per litre 

o pH – up to 10.5 (ph of 9.2 will kill 100% ecoli) 

 

After settling out the algal biomass in the algal settling ponds, the resultant pathogen free 
effluent is a highly oxidised water known as bright water. This water will pass on into the 
maturation pond where it can be used for irrigation or as flush water for latrines. 

 

 

 

 

 

 

 

 

 

 

 

Figure 18: Bright water discharged after the algal settling pond (Source EBRU) 

 

At the estimate influent flows of 1032 litres per day over a 195 day school period relate to 
a total influent of 201.2m3 of water per year.  The total evaporation from the system 
assuming an average monthly of 140mm per m2 of water surface is 134.5m3 per year.  
Most of the evaporation is associated with the large surface of the maturation pond and 
this can be reduced through the use of aquaponics or seedling floaters on the maturation 
ponds and in doing this it is estimated that at least 100m3 per year of water can be 
recycled for use as irrigation or flush water.  

Although the value of this water is not quantified at the Three Crowns community, water 
is valuable resource in the rural areas, and its can be assumed to be the equivalent of at 
least R7 per m3 that is charged by most municipalities in South Africa.   Before the 
construction of the system irrigation of the food gardens was being conducted using 
spring water piped erratically to the village.   
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7. Implementation 

7.1 Environmental Due Diligence  
Before construction proceeded a site survey was undertaken in November 2009 together 
with PPA, WESSA CHDM, key representatives form the school body and Finishes of 
Nature (the contractor). Although no formal environmental due diligence process was 
conducted special attention was placed on minimizing impact to existing human and 
natural systems and these considerations were incorporated into the planning and layout 
design. This included cognisance of the impacts to the natural and social environment, 
including the most appropriate positioning and layout of the system to ensure minimum 
disruption to school activities, safety of pupils, minimising impact to the natural 
environment and sustainable operations of the school gardens.  

A site layout was developed and approved in concept at the second stakeholder meeting 
at the school on the 8th of December 2009. 

 

Figure 19: Site survey conducted at Three Crowns Scho ol after the first stakeholder consultation 
meeting in November 2009 

 

It was later agreed that key indicators would be required to enable an assessment of the 
project impact after a year or two or three so that the pilot would be able to demonstrate 
the value of this system verses conventional sanitation systems.  It was agreed that 
WESSA would manage this process as part of their ongoing schools monitor programme 
and that the CHDM would provide support through their environmental health 
department with respect to measuring water quality sampling and lab tests. It was 
recommended that these indicators include:  

• Number of pupils in the school 
• Teacher pupil ratio 
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• Girls boy ratio 
• Absenteeism of teachers and pupils 
• Sanitation and water quality and quantity 

• Algal biofertilizer quantity and quality 
• Illnesses and diseases - incidences 
• Pass rates 
• Nutrition status 
• Quality of environment 
• Savings on gas and the benefits of the inward investment of the resultant savings  

• Improved productivity of gardens 
 

7.2 Environmental Management Plans 
An environmental management plan (EMP) was developed to ensure that 
recommendations for enhancing positive impacts and/or limiting or preventing negative 
environmental impacts are implemented during the life cycle of a project. The EMP 
included related roles and responsibilities for each of the roleplayers and was guided by 
the following principles:  

1) Continuous improvement: the proponent or implementing agency must commit to 
review and continually improve environmental management; 

2) Integration across operations: This EMP must integrate across existing operational 
units such as safety, health and environment; 

3) Broad level of commitment: the effective implementation of this EMP hinges on broad 
commitment from the contractor management, subcontractors and the entire workforce; 

4) Flexible and response: The construction team and all relevant personnel must be 
prepared to make rapid short-term responses to problems or incidents.  

The EMP for the project is included as part of the overall project information pack to the 
CHDM EMS PSC. 

 

7.3 Project Implementation Timelines 
 

On the basis of the positive decision to proceed with the project taken at the April CHDM 
EMS meeting to proceed, PPA undertook to perform the tasks at hand began work on the 
project component development and stakeholder engagement before the project 
mobilisation funds were allocated in December 2009.  

Three Crowns School was identified for the implementation of the pilot based on the fact 
that it was successfully participation in the WESSA schools garden and nutrition 
programme. Two site visits and stakeholder consultations were conducted in 2009 which 
were attended by representatives from WESSA, the CHDM and the members of the 
school administration including the Head Mistress.   

A site survey was undertaken and a site layout was developed and approved in concept at 
the second stakeholder meeting at the school on the 8th of December 2009. 

Component development and design took place from November 2009 to February 2010 
and culminating in the publication of a component design and implementation plan 
report on February 17, 2010. 

Delays in implementation disbursements meant that the implementation could only 
begin in May as outlined in the implementation schedule below which was presented out 
at the May 2010 CHDM EMS Project Steering Committee meeting for approval.  
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ID Task Name Duration
Apr 2010 Jun 2010May 2010

16/5 27/613/62/54/4 6/611/4 20/630/518/4 25/4 23/5

5 0dAgreement in place with School

8 6d
Site Establishment and 
Groundworks

7 25dInstallation

4dInstallation of AGAMA Digesters

0d
Commissioning and handover of 
system

0d
Final Implementation Plan 
Presentation & Sign Off

9/5
Finish

2010/05/03

2010/05/24

2010/06/18

2010/05/24

2010/05/28

2010/06/21

Start

2010/05/03

2010/05/24

2010/05/17

2010/05/17

2010/05/25

2010/06/21

2010/04/302010/04/1910d
Implementation Planning

2 2010/05/122010/04/2215dLead time on AGAMA Digester

1 2010/04/212010/04/210dOrder AGAMA digester

3

4

2010/05/072010/05/035dSite Establishment

10 2010/06/172010/05/2021d
Construction of secondary 
treatment ponding system

14 2010/06/182010/06/181dTest hydraulics of the system

9

12 2010/06/162010/06/152dInstall paddle wheel and drive unit

6

2010/06/112010/05/2415dRetrofit of toilets13

16

15

2010/07/132010/07/130dTraining of staff and pupils 

11 2010/06/112010/05/3110d
Manufacture Wind Powered 
Paddle Wheel 

Jul 2010

4/7

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 20: Implementation Schedule 

 

Implementation continued as per plans and compliance with the Environmental 
Management Plans for the construction although there was an overall extension of the 
implantation period by two weeks due to: 

• release of  construction materials procured through the municipality; 

• delays caused by bad weather (snow and below freezing conditions);  

• delays caused by the excavations into bedrock for the digesters; 

• construction stoppages during critical world cup soccer matches. 

 

Despite these minor delays, the system was ready as scheduled in time for the beginning 
of the school term on July 13, 2010. 
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7.4 Project Implementation Costs 
 

The overall budget allocated to the rural schools integrated biogas pilot project is as 
follows: 

Budget Breakdown

Project Expenses 314 190.00R   

Sundries 16 599.47R     

CES Admin (10%) 36 754.39R     

Subtotal 367 543.86R   

VAT 51 456.14R     
TOTAL 419 000.00R    

Table 12: Budget allocation 

At the time of project initiation the proposed budget allocations for were broken down 
into two categories as follows: 

o Low cost component design and prototype development   R 219,000 
o Implementation of Integrated Biogas System    R200,000 

 

The detailed allocations for these budgets are attached in the addendum (refer 13.2.1 and 
13.2.2)  

During the component development and project planning stage it was determined that 
the installation costs would be higher that originally anticipated but that this could be 
accommodated within the overall budget by utilising the savings that were incurred 
through completion of the component design development.  The revised allocations for 
the two project cost categories (including VAT, professional fees, P&G’s as well as the 10% 
CES administration fee) was as follows: 

o Low cost component design and prototype development   R 83,824 
o Implementation of Integrated Biogas System    R 335,176 

 

A breakdown of the revised reconciled budget for both component development and 
installation is shown in Table 13 below and a breakdown of the actual expenses are given 
in Table 14 below. 

Finishes of Nature was appointed as the contractor for construction of the systems as per 
the Terms of Reference that was ratified at the May 2010 CHDM EMS Project Steering 
Committee meeting.  At this meeting it was highlighted that the limits to the construction 
budget would require the project to be delivered at cost price with no margins for profits 
or adequate budget to cover accommodation. A decision was taken by the CHDM to assist 
by sponsoring R29,000 in site construction materials as well as the necessary project 
signage and inauguration ceremony cost.  

The project was delivered within the overall budgets and the contingency was required to 
cover the extended period of construction and costs relating to breaking through bedrock 
as well as the R3000 escalations in the cost of the AGAMA biogas Pro Digesters due to 
national price increases in the cost of LDPE plastic.  
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COST SUMMARY

Qty. Unit Price Unit Cost Totals

Component Development 67 600.00R       

Off-grid paddle wheel 52 800.00R        

paddle wheel design of options 16 400.00R             hrs 6 400.00R           

paddle wheel prototype 1 9 000.00R          each 9 000.00R           

solar drive unit development 24 400.00R             hrs 9 600.00R           

solar drive prototype 1 10 000.00R        each 10 000.00R         

windpowered drive development 12 400.00R             hrs 4 800.00R           

windpower drive prototype 1 5 000.00R          each 5 000.00R           

install and testing 20 400.00R             hrs 8 000.00R           

High rate pond liner development 14 800.00R        

design of options 25 400.00R             hrs 10 000.00R         

value analysis 12 400.00R             each 4 800.00R           

Construction of Works 177 050.00R     

Retrofit of toilets and piping 35 400.00R        

retrofit exisiting toilets 6 2 500.00R          each 15 000.00R         

breakout pathways for pipework 

and repair
1 6 000.00R          each 6 000.00R           

piping and trenching 120 120.00R             m 14 400.00R         

Biogas Digester 70 000.00R        

AGAMA Biogas Pro digester 2 35 000.00R        each 70 000.00R         

Facultative Pond 11 750.00R        

bulk excavation 20 70.00R              m3 1 400.00R           

batter 20 70.00R              m3 1 400.00R           

hand shape pond walls 30 15.00R              hours 450.00R              

ferrocement  walls 26 250.00R             m2 6 500.00R           

stub pipe work 2 1 000.00R          each 2 000.00R           

Algal components 34 600.00R        

bulk excavation 10 80.00R              m3 800.00R              

batter 10 80.00R              m3 800.00R              

ferrocement algal pond walls 56 250.00R             m2 14 000.00R         

paddle wheel pedestal 1 2 000.00R          each 2 000.00R           

Algal Settling Ponds 1 8 000.00R          each 8 000.00R           

algal drying beds 20 350.00R             m2 7 000.00R           

Stub pipework and levels 2 1 000.00R          each 2 000.00R           

Maturation pond 12 250.00R        

bulk excavation 50 70.00R              m3 3 500.00R           

batter 50 70.00R              m3 3 500.00R           

waste fill removal 50 100.00R             m3 -R                   

liner, installed clay 75 70.00R              m2 5 250.00R           

Gas equipment 6 800.00R          

piping 25mm LDPE class 6 60 100.00R             m 6 000.00R           

gas burners 2 400.00R             each 800.00R              

Fencing 6 250.00R          

fencing 25 250.00R             m 6 250.00R           

Professional & Other Fees

Inception & Client Meetings 7 425.00R         

Sundries 6 123.97R         

Preliminaries and General (15% of Construction) 26 557.50R       

Design and Reporting (7% of Construction) 12 393.50R       

Project Management (10% of Construction) 17 705.00R       

Commissioning (4% of Construction) 7 082.00R         

Contingency (5% of Construction) 8 852.50R         

CES ADMIN FEE 36 754.39R       

TOTAL Ex VAT 367 543.86R     

VAT 51 456.14R       

GRAND TOTAL (Including VAT) 419 000.00R     

Description

Table 13: Revised budget allocations (May 2010) 
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Table 14: Actual Costs of Construction 

CONSTRUCTION & INSTALL COSTS (Actual)

Description Paid By Qty Unit Unit Rate Amount

Materials

AGAMA Biogas Pro digester CES 2 digester 20,500.00R   41,000.00R     

AGAMA Biogas Pro delivery extra distance CES 1 lumpsum 2,000.00R     2,000.00R       

General Construction Materials CHDM 1 lumpsum 29,000.00R   29,000.00R     

Bricks & Stone FON 1 lumpsum 10,000.00R   10,000.00R     

Savonius Wind Turbine & Paddle Wheels Manufacture CES 1 item 13,871.00R   13,871.00R     

Savonius Paddle Wheel Delivery  PPA 1 lumpsum 1,300.00R     1,300.00R       

Safety gear/equipment/tools & consumables FON 1 lumpsum 2,000.00R     2,000.00R       

Plant Hire

TLB Hire CHDM 1 lumpsum 9,700.00R     9,700.00R       

Compressor Hire FON 1 lumpsum 3,000.00R     3,000.00R       

Site Supervisor / Construction Manager FON 30 days 1,800.00R     54,000.00R     

Subcontractors

Plumbing and Gas line FON 1 lumpsum 23,000.00R   23,000.00R     

Labour

Expert builders from FON (Georgie & Gary) FON 70 man days 142.86R        10,000.00R     

Local Labour in construction FON 76 man days 113.16R        8,600.00R       

Accommodation

Site Supervisor FON 24 nights 500.00R        12,000.00R     

Expert Builders FON 98 nights 50.00R          4,900.00R       

Other Sundries

Daily expense allowance for supervisor (R200/day) FON 30 days 200.00R        6,000.00R       

Stipend for expert builders (food & gas) FON 7 weeks 500.00R        3,500.00R       

General disbursements to workers (e.g. braai, taxi, tobacco, etc) FON 7 weeks 600.00R        4,200.00R       

Tools & equipment depreciation FON 1 lumpsum 3,000.00R     3,000.00R       

Travel Costs FON 7200 km 3.45R            24,840.00R     

Total Direct Construction and Installation Expenses 265,911.00R    
 

The costs in the above table do not include project management fees and the 10% 
administration fee charged by CES.   

It must be noted that the above costs only relate to direct construction related costs such 
as basic wages, material, tool hire, transport, accommodation and sundries and that there 
was no margin for profit.  Assuming a standard contractor profit margin of 30%, the 
actual cost of construction had this project been put pout for tender would have been 
R316,278.06.  By foregoing these profits Finishes of Nature have effectively made a 
contribution of over R50,000 to the project in kind. 

The labour content of install costs was 15% and 5% for district and local labour 
respectively, this was due in part to the high cost of the pre-manufactured BiogasPro 
digesters.  With the installation of built dome digester or capped fermentation pits the 
labour component can be elevated to an estimated 33% of the project cost. 
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8.  Operations and maintenance 
The system is simple to operate as it required no chemical dosing or management and 
monitoring of electrical equipment and the only moving part is a robust savonious wind 
turbine which requires oiling each year and bearing replacement every five years. 
Operations will therefore mostly be restricted to cutting of the grass around the ponds 
and checking to see if the toilet flush mechanisms are leaking  

8.1 Operations risks 
RISK MITGATION MEASURES 

The accidental use of bio-toxic 
cleaning agents such as bleach and 
cleaners containing biocide result 
in slow down or stopping of the 
digestion process 

Prevention: Training by WESSA and the provision 
of safe cleaning agents such as bicarbonate of soda 
and vinegar. 

Remediation: If large quantities of chemicals were 
used and gas production has stopped, empty the 
digesters with a honey sucker and re-commission 
the digester as per instructions.  If necessary the 
algal ponds may also need to be emptied to prevent 
the fish kills and contamination of the irrigation 
water in the maturation pond.  

If gas production has just slowed down, reduce the 
organic loads (foodwaste and cow manure) to the 
digester and allow the bacteria to recover. 

The use non biodegradable 
materials such as paper and 
cardboard are flushed into the 
digester 

Remove these items from the digester by following 
the instructions in the digester operations manual. 

System not fed over holidays  No risk to the system health as the bacteria will 
ramp up as soon as school begins.  The algal ponds 
will top up automatically as the system is in use 
again.  

The gas is not used over the 
holidays 

No safety risk as the unused biogas will be vented 
safely to atmosphere through the BiogasPros safe 
built in pressure release mechanism.  This vented 
biogas is not a health risk but because it contains 
methane, a powerful green house gas, and as it is a 
valuable fuel, the use of this gas for cooking of 
meals or heating of water should be encouraged 
during the holidays. 

Children playing around the 
facultative pond and maturation 
ponds which are 1.5 meters deep. 

The ponding area is enclosed with a 1.35 meter 
high jackal proof fence and barbed wire topping. 
The area is locked and the caretaker is responsible 
for the safekeeping of the key and the maintenance 
of the fence. 

An impenetrable hedge of plants such as sisal and 
agave are to be planted around the fence as a 
further a further deterrent. 

Warning signs are posted at the entrance gate  
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8.2 Maintenance summary  
A summary of the main maintenance activities are given in the paragraphs below, for 
more detail please refer to the Asset Register (refer section 11 of this report) and the 
AGAMA BiogasPro digester manual which was handed over to the caretaker of the school. 

8.2.1 The BiogasPro digesters 
The wellbeing of the sanitation system begins with the proper operation of the flush 
toilets that feed the Biogas Pro digesters and the correct use of other organic feedstocks 
for the digesters. This includes the use of biodegradable soaps and cleaners.  A detailed 
operational manual and quick start reference for the AGAMA BiogasPro digester is 
provided for the school. The management and training system for the toilet care 
programme together with the provision of sanitary bins, toilet paper and biodegradable 
soaps and cleaning agents will be provided regularly by WESSA as part their ongoing 
schools greening programme.  A detailed operational manual is provided to manage all 
component of the biogas system. 

8.2.2 The Biogas supply line, valves, scrubbers and cooker 
A detailed operational manual and quick start reference for the AGAMA BiogasPro 
digester is provided for the school.   

At the time of writing the time of writing the report there was no legal requirement for 
installation and maintenance work on the biogas system to be conducted by a licensed gas 
technician. This is primarily because the biogas digester operates under a pressure of 
10000 Pascals and under the Occupational Health and Safety Act of 1993 ‘Vessel Under 
Pressure Regulations No.17468’ there is a requirement for licensed installations for gas 
systems over a minimum pressure of 40000 Pascals (which is four times more than the 
maximum pressure in the biogas digester system, and as such the system is exempt from 
these license requirements. Also, under Act No. 48 of 2001: Gas Act, 2001, small biogas 
projects in rural communities not connected to the national gas pipeline grid (and gas 
reticulation and any trading activity incidental thereto) are exempt from obligation to 
apply for and hold a license from the Gas Regulator. 

It must be noted that LPG gas fittings like copper pipe are not recommended for 
installation with this biogas system as owing to the corrosiveness of biogas. 

8.2.3 The algal ponding system 
The biogas digesters provide a consistent quality of digester effluent (digestate) to the 
algal ponding system.   

This system requires very little maintenance apart from the periodical flushing of the 
algal settling pond and the removal of dried algal matter from the algal drying beds once 
every fortnight.  

The resultant pathogen-free edible algae is an excellent source of garden mulch and 
compost as it contains nutrients, plant hormones and compounds that stimulate plant 
growth.    

The wind powered paddle wheels will require annual greasing of bearings and it is 
recommended that the bearings are replaced every five years. 
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9.  Mentoring, Monitoring and Evaluation 
WESSA will provide mentoring support for the operation of the system through its 
continued presence at three Crowns School. WESSA will also pilot the use of the 
pathogen free algal biofertilizer and recycled bright water for vegetable and crop 
production at the school’s gardens. WESSA will also monitor the use of the biogas for the 
cooking of school meals.  This process will form part of their existing schools monitoring 
methodology and reporting system.  It was agreed that WESSA would manage this 
process as part of their ongoing schools monitor programme and that the CHDM would 
provide support through their environmental health department with respect to 
measuring water quality sampling and lab tests.  It was recommended that these 
indicators include:  

• Number of pupils in the school 
• Teacher pupil ratio 
• Girls boy ratio 
• Absenteeism of teachers and pupils 

• Sanitation and water quality and quantity 
• Algal biofertilizer quantity and quality 
• Illnesses and diseases - incidences 
• Pass rates 
• Nutrition status 
• Quality of environment 
• Savings on gas and the benefits of the inward investment of the resultant savings  

• Improved productivity of gardens 
 

With respect to the issues of water quality monitoring, the CHDM have made 
commitments that this task will be conducted on a monthly basis by their environmental 
health and scientific services in order to conduct monthly testing of water quality tests 
and algal biomass in order to monitor compliance to environmental & health legislation & 
regulations. A minimum indicator will be ecoli counts and the general standard 
evaluations for effluent to aquifer. 

The CHDM coordinate or provide the necessary funding to facilitate the following 
activities: 

• A system performance review conducted by a specialist consisting of three reports 
(after two weeks, six months, and one year). 

• General maintenance of the system (bearing changes every five years). 

Furthermore the system will undergo a peer review by waste water specialist from the 
Institute of Environmental Biotechnology at Rhodes University, who will review the 
performance of the system and will make at least three site visits over a period of a year 
with an output consisting of three reports (an initial evaluation, an evaluation after six 
months, and a final evaluation after one year). These site visits will be coordinated with 
representatives of Peoples Power Africa, Finishes of Nature, CHDM and WESSA. 
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10. Future Rollout Opportunities 
One of the key objectives of this pilot at Three Crowns School is demonstrate the viability 
of integrated biogas technology as an appropriate technology / system for roll out at rural 
schools, not only as an effective sanitation system but as life science laboratory that 
teaches through the practical demonstration important sustainability concepts such as 
zero waste, environmental biotechnology, renewable energy production, resource 
recovery and recycling as well as climate resilient agroecological food production systems.     

The pilot at three crowns not only achieves this objective but also demonstrated that 
these systems can be installed in a labour intensive low tech construction methods and 
suitable for roll-out as an Extended Public Works Programme (EPWP). These low tech 
methods include trench digging and the ferrocement ponds construction.  

Furthermore, the projects environmental education focus, could qualify it for funding 
under the Department of Environment Affairs (DoEA) EPWP programme.  As the 
integrated biogas system can be installed with a labour content of as much as 33% some 
additional funding will be required in order to comply with the DoEA funds preference 
for 60% local content.  

It is recommended that the pilot phase is extended to include the installation similar 
systems at another seven schools (preferably one in each of the CHDM local municipal 
districts) in order to properly assess the viability of the systems under different operation 
conditions with variations in school size, location, climate and biogas digestion 
technology.  

The concept of a proposed extension of the pilot system to seven other schools is 
supported in principle further by the WESSA the CHDM who would like to have the pilot 
expansion coupled to the rollout of the WESSA “Blueprint for a Sustainability Commons” 
programme as is the case at Three Crowns School where the biogas system is integrated 
into food security and the cooking of school meals.   This would mean that the rollout of 
the integrated biogas sanitation system pilot would be incorporated into a broader rollout 
of food gardens, solar heaters and cookers, solar and wind electricity production and 
electricity generation, wind power generation along with the associated mentoring and 
monitoring support from both WESSA and the CHDM. 

With regards to a general rollout of the systems at other schools, the DBSA have indicated 
their willingness to finance the portion related to the material costs of in order to have the 
project realise this opportunity as a labour intensive EPWP programme. In addition, the 
DBSA are likely to grant fund the detailed design and implementation planning of a 
rollout of the project to other schools, provided that this is grant underwritten by a 
guaranteed loan for a sizeable portion of the installation costs.  

As mentioned above, the labour intensive components of this system could be financed 
through the DoEA EPWP fund and it is advisable that and extension of the pilot should 
include provision to increase the local labour content through the use of local 
manufacturing solutions such as locally built solar water heaters and wind turbines.  

Table 15 below provides a first order estimate of the costs of an extension of the pilot to a 
further seven schools if this is packaged as a part of the expansion of the WESSA CHDM 
“Blueprint for a Sustainability Commons” programme. 
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Item Description
Cost per school 

(incl.VAT)

 Cost for seven 

schools  

Green house / Nursery 17,450.00R           122,150.00R          

Solar Water Heater & Sun Stove 10,700.00R           74,900.00R            

Vermi-Compost 8,000.00R             56,000.00R            

Integrated Biogas & Algal systems (AIWPS) 300,000.00R         2,100,000.00R       

Water reuse windpump & headertanks for irrigation 45,600.00R           319,200.00R          

Wind turbine 57,000.00R           399,000.00R          

Batteries 11,400.00R           79,800.00R            

Ecocircles 45,600.00R           319,200.00R          

Fencing 57,000.00R           399,000.00R          

Teacher Workshops 9,800.00R             68,600.00R            

Community Workshops 13,800.00R           96,600.00R            

Training Materials Development 4,285.71R             30,000.00R            

Administration 500.00R                3,500.00R              

Other WESSA related Phase three expenses 4,560.00R             31,920.00R            

Project management  (10%) 58,569.57R           409,987.00R          

Selection , baseline, monitoring & documentation 15,457.14R           108,200.00R          

Total Cost (Incl. VAT) 659,722.43R         4,618,057.00R       

Cofunding Contribution (ESKOM) (Incl. VAT) 108,200.00R          

Additional Funding Required (Incl. VAT) 4,509,857.00R       

Table 15: Projected Costs of an expansion of the pil ot system when integrated into the 
WESSA/CHDM ‘Blueprint to a sustainability Commons” pro gramme at seven schools 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The remains unclear who will take responsibility for financing the general rollout of the 
non-EPWP portion of the rollout costs.  Ideal this should be owned by the Department of 
Education who would benefit from the implementation of effective sanitation systems at 
their schools but also should also from having working environmental biotechnology life 
science laboratory at each of the respective schools, creating applied education and 
awareness on agroecological food production, improved nutrition, zero waste nutrient 
recycling and renewable energy production.  

Apart for the abovementioned benefits and other intangible benefits there are also 
measurable financial benefits relating to the implementation of the project that accrue to 
the school, namely: 

• LPG gas savings for the cooking of school meals  R12856/annum 
• Biofertilizer Production     up to R7000/annum 
• Improved productivity of schools gardens (20%)  

and/or savings in feeding scheme costs  R4000/annum 

• Water recycling (100m3)     R700/annum 

An evaluation of the viability of such a scenario is indicated in the income statement 
below whereby 50% of the project cost is granted as an EPWP programme and the 
balance is sourced in the form of a 10 year DBSA loan at an interest rate of 10%. 
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Yr 2011 Yr 2012 Yr 2013 Yr 2014 Yr 2015 Yr 2016 Yr 2017 Yr 2018 Yr 2019 Yr 2020

LPG savings through biogas producion 12,856R       13,884R       14,995R       16,195R       17,490R       18,890R       20,401R       22,033R       23,796R       25,699R       

Biofertilizer value 7,000R         7,560R         8,165R         8,818R         9,523R         10,285R       11,108R       11,997R       12,957R       13,993R       

Water recycling value 700R            756R            816R            882R            952R            1,029R         1,111R         1,200R         1,296R         1,399R         

Increase in school garden productivity (20%) 4,000R         4,320R         4,666R         5,039R         5,442R         5,877R         6,347R         6,855R         7,404R         7,996R         

Total Revenue : 24,556R       26,520R       28,642R       30,933R       33,408R       36,081R       38,967R       42,085R       45,451R       49,088R       

Fixed Costs

Maintenance 200R            216R            233R            252R            272R            294R            317R            343R            370R            400R            

Total Fixed Costs 200R            216R            233R            252R            272R            294R            317R            343R            370R            400R            

EBITDA 24,356R       26,304R       28,409R       30,682R       33,136R       35,787R       38,650R       41,742R       45,081R       48,688R       

Depreciation 15,000R       15,000R       15,000R       15,000R       15,000R       15,000R       15,000R       15,000R       15,000R       15,000R       

Less: Interest 16,000R       14,996R       13,892R       12,677R       11,341R       9,871R         8,254R         6,476R         4,519R         2,367R         

Profits before Tax -6,644R        -3,692R        -483R           3,005R         6,795R         10,916R       15,396R       20,266R       25,562R       31,321R       

Less: Tax (28%) 0 0 0 841 1,903 3,056 4,311 5,675 7,157 8,770

PAT -6,644R        -3,692R        -483R           2,163R         4,893R         7,860R         11,085R       14,592R       18,405R       22,551R       

ADD depreciation 8,356R         11,308R       14,517R       17,163R       19,893R       22,860R       26,085R       29,592R       33,405R       37,551R       

Capital repayment -10,039R      -11,043R      -12,148R      -13,362R      -14,698R      -16,168R      -17,785R      -19,564R      -21,520R      -23,672R      

Income to shareholders -1,683R        265R            2,370R         3,801R         5,194R         6,691R         8,300R         10,028R       11,885R       13,879R       

Capital Expenditure 300,000R     

Annual Nett Trading Position -275,644R    26,304R       28,409R       30,682R       33,136R       35,787R       38,650R       41,742R       45,081R       48,688R       

Capital Injection

Grant 150,000R     

Equity

Loan 160,000R     

Less: Loan Repayment -26,039R      -26,039R      -26,039R      -26,039R      -26,039R      -26,039R      -26,039R      -26,039R      -26,039R      -26,039R      

Opening balance / Balance bfwd. -R             8,317R         8,582R         10,952R       15,594R       22,691R       32,438R       45,049R       60,752R       79,794R       

Less: Interest on bank overdraft -R             -R             -R             -R             -R             -R             -R             -R             -R             -R             

Annual End Surplus / Deficit 8,317R         8,582R         10,952R       15,594R       22,691R       32,438R       45,049R       60,752R       79,794R       102,442R     

LOAN FUNDING MODEL Yr 2011 Yr 2012 Yr 2013 Yr 2014 Yr 2015 Yr 2016 Yr 2017 Yr 2018 Yr 2019 Yr 2020

Opening Balance  (Rands/year) -R             149,961R     138,918R     126,770R     113,408R     98,709R       82,541R       64,756R       45,192R       23,672R       

Loan draw down 160,000R     -R             -R             -R             -R             -R             -R             -R             -R             -R             

Interest charged 16,000R       14,996R       13,892R       12,677R       11,341R       9,871R         8,254R         6,476R         4,519R         2,367R         

Repayment (Year End) -26,039R      -26,039R      -26,039R      -26,039R      -26,039R      -26,039R      -26,039R      -26,039R      -26,039R      -26,039R      

Closing balance 149,961R     138,918R     126,770R     113,408R     98,709R       82,541R       64,756R       45,192R       23,672R       0R                

Capital Repayment 10,039          11,043          12,148          13,362          14,698          16,168          17,785          19,564          21,520          23,672          

Table 16: Income statement for a typical school par ticipating in a future integrated biogas rollout 
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11.  Asset Register 

Asset 
# Asset Description Location 

Serial / 
Model 

Number 

Purchase or 
Construction 

Date Supplier Drawing 

Maintenance 
Service 
interval 

Replacement 
period 

1 Integrated toilet and hand basin 
system for male teachers 

Male Toilet Block N/A Jun-2010 Finishes of Nature N/A Quarterly 10 to 20 
years 

2 Integrated toilet and hand basin 
system for female teachers 

Female Toilet Block N/A Jun-2010 Finishes of Nature N/A Quarterly 10 to 20 
years 

3 Integrated toilet and hand basin 
system for boys  

Male Toilet Block N/A Jun-2010 Finishes of Nature N/A Quarterly 10 to 20 
years 

4 Integrated toilet and hand basin 
system for boys  

Male Toilet Block N/A Jun-2010 Finishes of Nature N/A Quarterly 10 to 20 
years 

5 Integrated toilet and hand basin 
system for girls 

Female Toilet Block N/A Jun-2010 Finishes of Nature N/A Quarterly 10 to 20 
years 

6 Integrated toilet and hand basin 
system for girls 

Female Toilet Block N/A Jun-2010 Finishes of Nature N/A Quarterly 10 to 20 
years 

7 110mm UPVC waste water 
reticulation line from toilets 

Between toilet block and 
digesters 

N/A Jun-2010 Finishes of Nature Refer figure 16 in PPA 
Report Jan 2011 

N/A 30 years 

8 BiogasPro Digester 1 As per Layout N/A Jun-2010 AGAMA Biogas Refer Figure A in 
BIOGAS PRO Manual 

Refer Biogas- 
Pro manual 

30 years 

9 BiogasPro Digester 2 As per Layout N/A Jun-2010 AGAMA Biogas Refer Figure A in 
BIOGAS PRO Manual 

Refer Biogas-
Pro manual 

30 years 

10 Gas line valve  on Digester 1 On digester 1  N/A Jun-2010 AGAMA Biogas Refer Figure A in 
BIOGAS PRO Manual 

Refer Biogas-
Pro manual 

30 years 

11 Gas line valve on Digester 2 On digester 2 N/A Jun-2010 AGAMA Biogas Refer Figure A in 
BIOGAS PRO Manual 

Refer Biogas-
Pro manual 

30 years 
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12 Vent Valve on Digester 1 On digester 1  N/A Jun-2010 AGAMA Biogas Refer Figure A in 
BIOGAS PRO Manual 

Refer Biogas-
Pro manual 

30 years 

13 Vent Valve on Digester 2 On digester 2 N/A Jun-2010 AGAMA Biogas Refer Figure A in 
BIOGAS PRO Manual 

Refer Biogas-
Pro manual 

30 years 

14 Gas Line Between kitchen and 
digesters 

N/A Jun-2010 Finishes of Nature Refer Figure A in 
BIOGAS PRO Manual 

N/A 30 years 

15 Regulator Valve At the stove N/A Jun-2010 AGAMA Biogas Refer Figure A in 
BIOGAS PRO Manual 

Refer Biogas-
Pro manual 

30 years 

16 Stop Valve At the stove N/A Jun-2010 AGAMA Biogas Refer Figure A in 
BIOGAS PRO Manual 

Refer Biogas-
Pro manual 

30 years 

17 Gas scrubber  Located on the gas line 
outside the kitchen  

N/A Jun-2010 Finishes of Nature N/A Refer Biogas-
Pro manual 5 -10 years 

18 Flexible PVC gas hose Located between gas 
cooker and gas line 

N/A Jun-2010 Finishes of Nature N/A Check for 
cracks yearly  20-30 years 

19 Gas burner (cooker) Located in Kitchen N/A Jun-2010 AGAMA Biogas Refer Figure A in 
BIOGAS PRO Manual 

Refer Biogas-
Pro manual 5 -10 years 

20 110mm UPVC drains between 
digester  

Located between Digester 
1 and 2  

N/A Jun-2010 Finishes of Nature Refer figure 16 in PPA 
Report Jan 2011 

N/A 30 years 

21 110mm UPVC drains from Digester  Located between Digester 
and facultative ponds 

N/A Jun-2010 Finishes of Nature Refer figure 16 in PPA 
Report Jan 2011 

N/A 30 years 

22 Facultative pond  In secondary treatment 
algal ponding area 

N/A Jun-2010 Finishes of Nature Refer figure 16 in PPA 
Report Jan 2011 

Desludge 
every five 

years 

30 years 

23 110mm UPVC drains from Digester  Located between 
facultative ponds and algal 
ponds 

N/A Jun-2010 Finishes of Nature Refer figure 16 in PPA 
Report Jan 2011 

N/A 30 years 

24 High rate algal pond 1 In secondary treatment 
algal ponding area 

N/A Jun-2010 Finishes of Nature Refer figure 16 in PPA 
Report Jan 2011 

N/A 30 years 

25 High rate algal pond 1 In secondary treatment 
algal ponding area 

N/A Jun-2010 Finishes of Nature Refer figure 16 in PPA 
Report Jan 2011 

N/A 30 years 
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26 Stainless steel paddle wheel 1 In high rate algal pond 1 N/A Jun-2010 Richters Maintenance, 
East London 

Refer figure 13 in PPA 
report Jan 2011 

N/A 

20 years 

27 Stainless steel paddle wheel 2 In high rate algal pond 2 N/A Jun-2010 Richters Maintenance, 
East London 

Refer figure 13 in PPA 
report Jan 2011 

N/A 

20 years 
28 2 x Couplers for paddle wheel 

shafts 
Linking paddle wheel to win 
turbine power train 

N/A Jun-2010 Richters Maintenance, 
East London 

Refer figure 13 in PPA 
report Jan 2011 

N/A 

20 years 
29 4 x 25mm pillow block bearings  On paddle wheel shafts N/A Jun-2010 Richters Maintenance, 

East London 
Refer figure 13 in PPA 

report Jan 2011 
oil each year 

5 years 
30 Gearbox T with 1:15 ratio coupling 

to 25 mm shafts 
Between algal paddle 
wheels  

N/A Jun-2010 Richters Maintenance, 
East London 

Refer figure 13 in PPA 
report Jan 2011 

oil each year 

10 -20 years 
31 Savonius Wind turbine in 

galvanised half barrels, lower set  
Between algal paddle 
wheels  

N/A Jun-2010 Richters Maintenance, 
East London 

Refer figure 13 in PPA 
report Jan 2011 

paint every 5 
years 10 -20 years 

32 Savonius Wind turbine in 
galvanised half barrels, upper set  

Between algal paddle 
wheels  

N/A Jun-2010 Richters Maintenance, 
East London 

Refer figure 13 in PPA 
report Jan 2011 

paint every 5 
years 

10 -20 years 
33 Savonius wind turbine 100mm 

galvanised box steel frame  
Between algal paddle 
wheels  

N/A Jun-2010 Richters Maintenance, 
East London 

Refer figure 13 in PPA 
report Jan 2011 

paint every 5 
years 

10 -20 years 
34 25 mm vertical shaft  Mounted to Savonius wind 

turbine frame 
N/A Jun-2010 Richters Maintenance, 

East London 
Refer figure 13 in PPA 

report Jan 2011 
paint every 5 

years 10 -20 years 
35 2x 25mm bearing  On vertical wind turbine 

shaft  
N/A Jun-2010 Richters Maintenance, 

East London 
Refer figure 13 in PPA 

report Jan 2011 
oil each year 

5 years 
36 110mm drains from high rate algal 

pond 
Between Highrate algal 
pond and algal settling 
pond 

N/A Jun-2010 Finishes of Nature Refer figure 16 in PPA 
Report Jan 2011 

N/A 30 years 

37 Algal settling pond In secondary treatment 
algal ponding area 

N/A Jun-2010 Finishes of Nature Refer figure 16 in PPA 
Report Jan 2011 

N/A 30 years 

38 110mm Drains form algal settling 
pond  

Between algal settling pond 
and maturation pond 

N/A Jun-2010 Finishes of Nature Refer figure 16 in PPA 
Report Jan 2011 

N/A 30 years 

39 50mm LDPE drains from algal 
sump  

Between algal settling pond 
algal drying beds 

N/A Jun-2010 Finishes of Nature Refer figure 16 in PPA 
Report Jan 2011 

N/A 30 years 
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40 2 x 50 mm algal drain ball stop 
valves  

Located on algal sump 
drain line  

N/A Jun-2010 Finishes of Nature Refer figure 16 in PPA 
Report Jan 2011 

Check seals 
every 5 years 

20 - 30 
years 

41 Algal drying beds In garden area alongside 
secondary algal bed area 

N/A Jun-2010 Finishes of Nature Refer figure 16 in PPA 
Report Jan 2011 

N/A 30 years 

42 50mm drains from algal drying beds Between algal drying beds 
and maturation pond 

N/A Jun-2010 Finishes of Nature Refer figure 16 in PPA 
Report Jan 2011 

N/A 30 years 

43 Maturation Pond  Between algal drying beds 
and maturation pond 

N/A Jun-2010 Finishes of Nature Refer figure 16 in PPA 
Report Jan 2011 

N/A 30 years 

44 Signage  Located at the digester and 
each of the ponds 

N/A Nov-2010 CHDM environmental 
Health Department 

N/A N/A 

10 years 
45 Fencing  1.35m high jackal proof 

fence and gate 
N/A Jun-2010 Finishes of Nature Refer figure 16 in PPA 

Report Jan 2011 
Check every 

year 20-30 years  
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12. Photographs 
 

 

 

Figure 21: Overall schematic showing different comp onents during the construction phase 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 22: AGAMA BiogasPro Digesters positioned into  the ground
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Figure 23: Connecting the digester gas output to th e gas pipeline supplying the kitchen 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 24: Final locking of the biogas digesters in spection chamber 
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Figure 25: Getting ready to install the Savonius win d powered paddle wheels 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 26: The facultative pond and algal raceways in the background 
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Figure 27: High rate algal pond with Savonius wind t urbine powered paddles wheels 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 28:  The Biogas Gas Burner lit and ready for  cooking of school meals 
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13. Addendum 

13.1 Quotations, Purchase Orders & Product Information 

13.1.1 Savonious wind turbine drive unit and algal paddle wheels 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

An incentive was offered and paid to ensure the prioritisation of work to complete 
manufacture within a week to meet the project installation milestones.  
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13.1.2 Stainless Steel Paddle Wheel 
 

FROM: B&K STAINLESS STEEL 

EAST LONDON 

 

QUOTATION 

One only Paddle Wheel without the Paddles complete with 2 Bearing Stands 

Manufactured in Grade 316 Stainless Steel as per your Sketch. 

R11700.00 Price Excludes Vat 

 

One only Drive Unit 0.25KW 6.7RPM Complete with coupling and Motor 

Cover in Grade 316 Stainless Steel Recommended 

R9210.00 Price Excludes Vat 

  

One only Drive unit 0.25KW 14RPM with chaindrive to bring RPM down 

to 6 with Grade 316 Stainless Steel Cover. 

R7470.00 Price Excludes Vat 

 

 

Yours faithfully 

John Williams 
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13.1.3 Epoxy Coated Steel Shaft and Paddle Wheel 
 

          QUOTATION 

From: N.SWART    Date: Dec 7, 2009 

 

Subject: Manufacture of two paddle wheels as per diagram 

 

Item   Cost  
Shaft & Steel  R 1 500.00  
Manufacture of shaft and frame  R 2 500.00  
Sand blasting  R 1 500.00  
Epoxy (food grade sigmaflex)  R 1 500.00  
Labour  R    600.00  
Transport  R    500.00  
Bearings  R    300.00  
Coupling  R    200.00  
Total  R 8 600.00  
 

    Contact: 0728588855 
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13.1.4  Plastic paddle wheel  & Vesconite bearing  
 

QUOTATION 

Patmike Sales and Services c.c.  

P.O. Box 314 

EAST LONDON 

5200 

PHONE/FAX: (043) 722 4110                                  CELL: 072 370 5337 
(Ross) 

Email: patmikesales@telkomsa.net 

V.A.T. REGISTRATION NO:  4460252408 

****************************************************          

 TO:    MARK WELLS  

 FROM:      ROSS WILKE        

DATE:   28 JANUARY 2010 

 

 

Thank you for your enquiry and we have pleasure in quoting as follows: 

 

1 x Paddle Wheel HDPE 1600lg x 1350  

      made with 5mm Black HDPE   R16,516.65 Excl VAT 

 

2 x Bearing from Paddle Wheel made with Vesconite and  

Stainless Steel Dia. 50 x 100    R5,753.49  Excl VAT 

 

Please note the cost of 5mm Black HDPE is R360.00 per Square Metre and the 
50mm shaft also Black HDPE is R193.75 per metre. 

 

Please advise further. 

 

THIS PRICE IS DELIVERED EAST LONDON  

Kind regards 

ROSS WILKIE 
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ATTN/TO:

Description of goods and Description of goods and Description of goods and Description of goods and 
specificationspecificationspecificationspecification

Quantity(PCS)Quantity(PCS)Quantity(PCS)Quantity(PCS)

UNIT PRICE                                    
(FOB Cape Town 

RAND/PC)
Amount(RAND)Amount(RAND)Amount(RAND)Amount(RAND)

SD 75W PV MODULE, 
Voc21.678V. Isc4.858A, 
Imp4.359A, Vimp16.9, 

Dimensions 1.2 X 0.55m

4 ZAR 2 174. 99 ZAR 8 699. 96

Shi ppi ng cost               

f r om Cape Town t o        

Cl i ent  ( Pl ease pr ovi de 

addr ess)

00 - kg Not  Appl i cabl e ZAR 0. 00

Tot al  Amount ( Excl ) ZAR 8 699.96

Total Amount (Incl) ZAR 9,917.95

<REMARK><REMARK><REMARK><REMARK>

Client to provide delivery addressClient to provide delivery addressClient to provide delivery addressClient to provide delivery address

<BANK INFORMATION>: 

(Please inform us soon after the payment for us to start the preparation in time)
BANK NAME :   FIRST NATIONAL BANK

ACCOUNT NAME: GREENFIELDS RENEWABLE ENERGY
BUSINESS CHEQUE ACCOUNT
ACCOUNT NO. 62214387822
BRANCH: CENTURY CITY
BRANCH CODE: 200909

QUOTATI ONQUOTATI ONQUOTATI ONQUOTATI ON

Mr Mark Wells

markw@peoplespowerafrica.co.za

 

SOUTH AFRICA

Tel:27-83 500 6276 

FROM:                                                                         

Gordon Dindi                                                                                  

Greenfields Renewable Energy                                                                       

Phone: +27 84 800 0568                                                                 

Fax: +27-86-666 7339                                                                        

Date: 2009/ 12/17

13.1.5 Solar Panel (4x 75 watt), Greenfields Renewable Energy  
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13.1.6 Solar Panel (4x 75 watt), ikhwezi unplugged 
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13.1.7 AGAMA Biogas Pro Digester  
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13.1.8 AGAMA BiogasPro Digester Gas Safety Certificate  
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13.1.9 Installation of Integrated Biogas System (sans digester) 
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Budget for Low Cost Component Design and Prototype Development for Schools Pilot

Task Description Qty Unit Rate Amount

Project Management 
Project Management 10 Hours R 495.00 R 4 950.00
Financial Control 6 Hours R 495.00 R 2 970.00
Client Meetings 5 Hours R 495.00 R 2 475.00
Project Inception
Inception Meeting 3 Hours R 495.00 R 1 485.00
Implementation Plan Development 4 Hours R 495.00 R 1 980.00
High rate algal raceway mould design & development
Mould segments concept design & value analysis 10 Hours R 495.00 R 4 950.00
Mould segments 40% design drawings 16 Hours R 225.00 R 3 600.00
Mould segments 40% design review 3 Hours R 495.00 R 1 485.00
Mould segment 70% design development 5 Hours R 495.00 R 2 475.00
Mould segment 70% design drawings 6 Hours R 225.00 R 1 350.00
Mould segments 70% design review 3 Hours R 495.00 R 1 485.00
Mould segment 90% design development 4 Hours R 495.00 R 1 980.00
Mould segment 90% design drawings 6 Hours R 225.00 R 1 350.00
Mould segments 90% design review 3 Hours R 495.00 R 1 485.00
Mould segment 100% design development 4 Hours R 495.00 R 1 980.00
Mould segment 100% design drawings 4 Hours R 225.00 R 900.00
Mould segments 100% design review & sign-off 3 Hours R 495.00 R 1 485.00
Manufacture of segment moulds 1 sum R 45 000.00 R 45 000.00
Prototype segments manufacture 1 sum R 13 500.00 R 13 500.00
Stand alone solar paddle wheel design & development
Paddle Wheel concept design & value analysis 10 Hours R 495.00 R 4 950.00
Meetings with solar pump manufactures 4 Hours R 495.00 R 1 980.00
Meetings with drive and gearing manufactures 4 Hours R 495.00 R 1 980.00
Paddle Wheel 40% design drawings 16 Hours R 225.00 R 3 600.00
Paddle Wheel 40% design review 4 Hours R 495.00 R 1 980.00
Paddle Wheel 70% design development 7 Hours R 495.00 R 3 465.00
Paddle Wheel 70% design drawings 8 Hours R 225.00 R 1 800.00
Paddle Wheel 70% design review 4 Hours R 495.00 R 1 980.00
Paddle Wheel 90% design development 4 Hours R 495.00 R 1 980.00
Paddle Wheel 90% design drawings 5 Hours R 225.00 R 1 125.00
Paddle Wheel 90% design review 4 Hours R 495.00 R 1 980.00
Paddle Wheel 100% design development 3 Hours R 495.00 R 1 485.00
Paddle Wheel 100% design drawings 4 hours R 225.00 R 900.00
Paddle Wheel 100% design review & sign-off 4 Hours R 495.00 R 1 980.00
Paddle Wheel prototype manufacture 1 sum R 27 000.00 R 27 000.00
Paddle wheel testing 3 Hours R 495.00 R 1 485.00
Reporting
Rotamoulding development and testing report 3 Hours R 495.00 R 1 485.00
Paddle wheel development and testing report 3 Hours R 495.00 R 1 485.00

Costing of product small, medium and large production runs 4 Hours R 495.00 R 1 980.00
Summary 3 Hours R 495.00 R 1 485.00

Subtotal on expenses R 162 990.00

Sundries

Travel to komga rotomoulders 1 sum R 8 104.73 R 8 104.73
Design Drawing Prints (all review packages) 1 sum R 1 800.00 R 1 800.00
Travel to component manufactures
Telecomms

Subtotal for sundries R 9 904.73

Total PPA Draw R 172 894.73

CES Administration fee R 19 210.53
Total Exclusive of VAT R 192 105.26

VAT R 26 894.74

Total R 219 000.00

13.2 Budgets 

13.2.1 Original Budget for low cost component design and prototype 

development 
 

These costs were reduced substantially from the original budget shown below. Please 
refer to Table 14 for the revised and actual costs of component design and development. 
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Budget for Schools Pilot Integrated Biogas System Implementation

Task Description Qty Unit Rate Amount

Project Management R 7 920.00

Project Management 8 Hours R 495.00 R 3 960.00

Financial Control 4 Hours R 495.00 R 1 980.00
Client Meetings 4 Hours R 495.00 R 1 980.00
Project Inception R 3 960.00

Inception Meeting 4 Hours R 495.00 R 1 980.00
Implementation Plan and Schedule Development 4 Hours R 495.00 R 1 980.00
Planning & Design R 14 040.00

Identify School from WESSA/CHDM selection 2 Hours R 495.00 R 990.00
Site survey 3 Hours R 495.00 R 1 485.00
Feedstock analysis and system geometry calculations 3 Hours R 495.00 R 1 485.00
Layout development 3 Hours R 495.00 R 1 485.00
Layout design drawings 70% 7 Hours R 225.00 R 1 575.00
Layout 70% design review 2 Hours R 495.00 R 990.00
Layout 90% design development 3 Hours R 495.00 R 1 485.00
Layout 90% design drawings 4 Hours R 225.00 R 900.00
Layout 90% design review 2 Hours R 495.00 R 990.00
Layout 100% design development 2 Hours R 495.00 R 990.00
Layout 100% design drawings 3 Hours R 225.00 R 675.00
Layout 100% design review & sign-off 2 Hours R 495.00 R 990.00
Installation & Commissioning R 121 815.00

Site Clearnace and treanching 1 sum R 10 800.00 R 10 800.00
Install Advanced Facultative Pond with fermentaion pit 1 sum R 31 500.00 R 31 500.00
Install gas capture dome and reticulation 1 sum R 11 250.00 R 11 250.00
Install algal ponds 1 sum R 15 930.00 R 15 930.00
Install standalone solar paddle wheel (prototype) 1 sum R 4 500.00 R 4 500.00
Install algal settling ponds and drying beds 1 sum R 9 000.00 R 9 000.00
Install water reticulation 1 sum R 7 200.00 R 7 200.00
Install maturation pond 1 sum R 9 000.00 R 9 000.00
Install fencing 120 m R 135.00 R 16 200.00
Inocculate system with sludge from Queenstown WWTW 4 Hours R 495.00 R 1 980.00
Commission system 4 Hours R 495.00 R 1 980.00
Operation and Maintenance Training 2 Hours R 495.00 R 990.00
Manage integration with food gardening 3 Hours R 495.00 R 1 485.00
Reporting R 3 465.00

Project progress reporting 3 Hours R 495.00 R 1 485.00
Final report 4 Hours R 495.00 R 1 980.00

Subtotal for expenses R 151 200.00

SUNDRIES R 6 694.74

Travel & Sundries 1 sum R 5 974.74 R 5 974.74

Design Drawing Prints (all review packages) 1 sum R 720.00 R 720.00

Subtotal for sundries R 6 694.74

Total PPA Draw R 157 894.74

CES Admin fee R 17 543.86
TOTAL Exclusive of VAT R 175 438.60

VAT R 24 561.40

Total R 200 000.00

Budget

13.2.2 Original budget for construction of rural schools pilot integrated biogas 

system 
 

Please refer to Table 14 for the revised and actual costs of construction 
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13.3 Layout 
 


