
 

 

December 2003 

 

Composting Toilet Demonstration 
Feasibility Study 

VOLUME 2: Appendices 

 

 

                

GHD in association with Demaine Partnership, Bensons 
Property Group and Environment Equipment 



 
 

Blank page for printing 



 

 31/14039/68264     Composting Toilet Demonstration 
Feasibility Study - VOLUME 2  © 2003 State of Victoria.  No part of this document may be reproduced without prior 
permission of the Department of Sustainability and Environement.

Appendices 

A Literature Review 
B Cost Estimates and Technical Details 
C Design Development 
D Reuse Trial Development 
E Health & Chemical Issues and Monitoring for the Demonstration 

Project 
F Marketability Investigation 
G Site Inspection Notes 
H References 



 
 

Blank page for printing 



 

 31/14039/68264     Composting Toilet Demonstration 
Feasibility Study - VOLUME 2  © 2003 State of Victoria.  No part of this document may be reproduced without prior 
permission of the Department of Sustainability and Environement.

Appendix A 

Literature Review 

Literature review 
Table A6, Load Table 

 
 



 

 31/14039/68264     Composting Toilet Demonstration 
Feasibility Study - VOLUME 2  © 2003 State of Victoria.  No part of this document may be reproduced without prior 
permission of the Department of Sustainability and Environement.

Literature Review 
Introduction 
A broad range of qualitative information and technical data was required for use in the feasibility study.  
In order to gather this information a literature survey was undertaken, covering: 

 Nutrient loads and volumes expected; 

 Design, operation and configuration of composting toilet systems; 

 Potential for re-using both urine and compost as fertiliser materials; 

 Energy usage comparisons between traditional centralised sewerage treatment systems and 
composting toilet systems. 

Expected Nutrient Loads and Volumes 
A number of studies relating to compositions of traditional sewage and wastewater were considered 
alongside studies specifically considering waste produced by composting toilets to compile a 
comprehensive range of load data suitable for use in the feasibility and design phases of this project.  .  
Through consideration of the studies and the range of values obtained, a representative value for each 
chemical or physical parameter was adopted for the three components of the waste stream (urine, 
faeces, paper) and for the total combined waste stream.  The full data table, with references, is included 
at the end of this appendix.  Adopted values are presented in Table A1 below: 

Table A1 – Adopted values (g/c.day unless stated) 

Component Urine Faeces Paper Total 

Total Volume (L/c.day) 1.2 0.18 0.02 1.4 

BOD5 7.5 11 1 25 
COD 15 33 - 50 
TN 10 1.2 - 11 
TP 1 0.5 - 1.5 
K 1.5 0.7 - 2.2 
Na 3 - - 3 
Ca 0.3 1.1 - 1.4 
Mg 0.2 0.15 - 0.3 
Cl- 6 - - 6 

SO4
2- 1.2 - - 1.2 

NH3.N 0.7 - - 0.7 
Fats 0.0 4.5 - 4.5 

Organic Carbon 6.6 21 - 27 
Organic TS 40 40 - 80 

TS 70 44 9.966 120 
SS - - 9.06 - 
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A significant proportion of the total nutrient load (BOD, COD, TN, TP, K) of human excreta is present in 
the liquid component (urine), and as such there is value in removing this load from the sewage system.  
Source separation of the solid and liquid waste streams is discussed in later sections.  The proportions 
are demonstrated in Figure A.1 below. 

Figure A.1 Waste Load Components from Sewage & Grey water 
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The values found in different studies for the various components were generally similar, however when 
the ranges from Del Porto et.  al.  were considered, significant variation was introduced to the data set.  
Where the literature did not provide a value for total load, this was calculated by summing the individual 
components (this was also done as a check on the adopted total load values given in the literature, and 
showed reasonable agreement – see full data table at the end of this appendix).  A significant 
contribution of this study will be the collection of data to complement information from overseas, and to 
provide data collected from and Australian project for future developments here. 

Composting Toilet Systems – operation and configuration 
Although composting toilets are widely used in remote areas in Australia and as a sanitation solution in 
developing countries, the majority of examples of their use in more densely populated residential areas 
come from Scandinavia, the US and Canada. 

The eco-village Toarp (Sweden) was constructed to house 150 inhabitants in 37 houses, and trialled 
three varieties of composting toilets (Fittschen, 1997).  The three varieties included a batch system, a 
rotating batch system and a continuous single chamber system.  All three types were equipped with 
heating elements to evaporate liquid and maintain a favourable temperature.  Although necessary in the 
cold climate, the energy demand from the heating elements was calculated as 325-650 kW.hr per person 
per year, compared with 146 kW.hr for a traditional sewage system (including pipe transport, treatment 
plant and sludge transport).  A survey of residents highlighted a number of important issues, which are 
summarised below: 
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 The most successful system was the rotating chamber system.  This reported the least number of 
incidences of smells outside, and had no odour issues inside.  It also achieved an end-product that 
looked like earth; 

 The batch systems worked more reliably and had the least number of respondents reporting problems 
with the system; 

 Residents were generally more satisfied with source-separation toilets.  The use of source separation 
generally eliminated flies; 

 Ventilation of the composting units was found to be important; 

 A drainage system was necessary to keep the composting process aerobic; 

 Addition of bark chips or sawdust created a porous mixture and allowed good air movement and 
drainage (note that the majority of these systems were not source-separating).   

In Canada, composting toilets were installed in a multi-level office building at the University of British 
Columbia – the C.K.  Choi Building.  Although the type of toilet used in this development (Clivus Multrum 
– continuous system) is different to those proposed here (Rota-loo® – batch system), the overall situation 
is perhaps more similar.  Several toilet pedestals feed into each composting unit, and a building 
maintenance officer operated and maintained the system (similar to a maintenance contractor).  A post-
occupancy survey was conducted of users of the building, with the following conclusions relating to 
composting toilets: 

 Users were generally satisfied with the toilets, although regular users were more accustomed to them; 

 The janitor found it necessary to clean the toilet bowls reasonably often (especially during a 
conference or similar event) to remove visible faecal matter; 

 Maintenance of the compost bins was aided by addition of woodchips and sawdust, as well as regular 
watering (1 minute per day) to keep the pile moist. 

The US EPA (1999) gives a moisture range of 40-70% as desirable, with an optimum level of 
approximately 60%, and states a carbon to nitrogen ratio of 30:1 as desirable.  Where urine is separated 
or drained, however the problem of maintaining the C:N ratio is not as significant as is usually reported in 
literature.  The most important factors in the success of a composting toilet system are the maintenance 
of an aerobic environment through suitable ventilation (US EPA, 1999) and maintaining the temperature 
at greater than 20 degrees Celsius (Burrows, 2003). 

Australian experience has been largely with single units in remote locations, including the rotating 
chamber type and designs based on the Clivus Multrum.  Burrows (2003) indicates that where source-
separating units are used, addition of bulking agents (such as bark chips and sawdust) is not generally 
necessary.  The Rota-Loo® system (Environment Equipment, Australia) has been in use and 
development for a number of years and experience with this system is summarised below: 

 Source separation is important to aid in complete aerobic composting; 

 There are a number of methods for evaporation of urine (to reduce or eliminate the volume of urine to 
be removed and transported from the system), including an open evaporation pan or use of a wick 
dipping in the urine to increase surface area for evaporation.  Maurer (2003) points out that use of 
thermal energy for evaporation of urine can still lead to a lower overall energy input per tonne of 
nitrogen produced (around 60 MJ/kg N) compared to conventional nitrogen removal in sewage and 
conventional nitrogenous fertiliser manufacture (about 82 MJ/kg N); 
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 Compost volume is generally about 33% of the initial waste volume; 

 A full bin in the Rota-Loo® system can weigh in the order of 30 kg; 

 The composting process functions well in the range 20-25 °C, however an optimum temperature 
range is 28-30 degrees. 

Mitchell (2002) reported CSIRO investigations of alternative approaches to providing sustainable water 
services in the “Brazil Development Study”.  This study developed preliminary designs and cost 
estimates for a 226 ha residential and industrial development near Brisbane and was part of CSIRO’s 
work on investigation of options for urban water supply, stormwater and sanitation (The “Urban Water 
Project”.  The study included investigation of three scenarios, including a scenario where the 
development was disconnected from the sewerage and water supply system.  This disconnection 
scenario, whether based on composting toilets or water-flushed toilets with recycling of all wastewater, 
had the best environmental rating, but also had the highest infrastructure cost and was the least likely to 
meet the demands of developers and consumers.  Nevertheless, it was concluded that more work was 
necessary  since the disconnection scenario, including the option with composting toilets, did not 
incorporate other sensitive urban water design features or scenarios which included connection to water 
supply and sewerage systems.  This lead to a lower rating for stormwater discharges than some of the 
other scenarios so the comparison was not entirely rigorous.  It was also concluded that lack of 
environmental metrics for evaluation of biosolids handling options made the comparison unreliable. 

Potential for product re-use as fertiliser 
Apart from the obvious advantage that composting toilets provide a way to significantly reduce household 
water usage (approximately 20-40 % of water consumption in sewered cities is used to flush toilets 
(Jenssen, 2002)), one of the values of composting toilet systems is that a major proportion of the nutrient 
load currently handled by the sewage treatment facilities of major cities can be removed from the system.  
However, without the development of options for reusing end products (compost and urine) from 
composting toilet systems, this value cannot be fully realised, as the products would have to be disposed 
of to more traditional treatment plants.  Utilising these products allows us to reclaim nutrients and 
resources from the waste stream. 

Compared to other organic fertilisers, there is a higher proportion of directly plant-available nitrogen in 
source-separated urine (Jonsson, 1997).  The use of source separated urine as a fertiliser also has 
advantages in terms of hygiene, because very few pathogens are present in urine.  Pathogens that do 
become introduced rapidly die off of in the high pH in urine collection tanks.  Conclusions on health 
issues were that faecal contamination of the urine was limited.  It was concluded that six months storage 
would be sufficient to destroy all pathogens.  The pH of the urine increases from around 5 to 7 up to 8.8 
to 9.2 on storage. 

Jonsson (1997) reported that when storing undiluted urine for 87 days, the ammonium/ammonia fraction 
of total nitrogen increased from around 8% to 26% in samples kept at 23°C.  In samples stored at around 
4°C the fraction stayed at about 8%.  In general, urine samples collected from storage tanks at a range of 
installations showed that approximately 85% of nitrogen is in the form of ammonium ion or un-
dissociated ammonia rather than urea.  Ammonium and ammonia are commonly used forms of nitrogen 
in commercial fertilisers although un-dissociated ammonia can be toxic to plants.  This indicated almost 
complete dissociation of urea in the tanks, which were emptied between one and five times a year.   
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Johanssen (2001) reported on a major collaborative research project conducted in Sweden in 1996 on 
the use of urine separating toilets in two residential estates, both a few kilometres south of central 
Stockholm), Understenshöjden (44 apartments) and Palsternackan (51 rented apartments).  Both used 
toilet bowls with a front urine collection section (which came onto the market around 1993), water trap 
and storage tank for urine separation.  Faecal matter and grey water was discharged in one case to an 
on-site septic tank based system and in the other case, to sewer.  Urine was tankered from on-site 
storage tanks to plastic tanks at an agricultural site near Lake Bornsjön in Salem.   

In the abovementioned study, urine application rates were tested and associated crop yields measured.  
Application to the agricultural land was by surface spreading from an array of trailed hoses.  Various 
application rates were tried and crop yields measured.  The result was that the crop yield was concluded 
to be around 80% to 90% of that achieved with chemical fertiliser.  About 10% of nitrogen in the urine 
was lost as ammonia and odour was noticeable during spreading, but not to any significant distance.  
Odour on the application sites disappeared within 24 hours. 

The amount of urine recovered in the above-mentioned study was less than expected, due to use of the 
separating toilets incorrectly.  Between 60 and 80% of the expected nitrogen and phosphorous was 
recovered, and higher percentages of potassium were collected than was originally expected.  The 
higher potassium recovery was not explained by Johanssen, however Jonsson (1997) also reported a 
lower N/K ratio than expected in a Swedish eco-village using source-separating toilets.  The suggested 
reason was the high proportion of vegetarians (about 10%) in the village, since the average ratio of 
nitrogen to potassium is lower in vegetables than animal products.  An effect of this was also lower than 
expected recovery of nitrogen. 

There has been past experimentation in Victoria on irrigation of vegetable crops with sewage.  Trials 
using sewage from the Braeside trickling filter plant were carried out in the 1970’s but were never fully 
completed.  A further trial with effluent from the newly commissioned South Eastern Treatment Plant was 
completed in the early 1980’s and included E.coli, Salmonella, total plate count, total coliforms and virus 
monitoring in the effluent before and after storage in a dam as well as Salmonella and E.coli monitoring 
on the trial vegetable crops (carrot, cabbage, celery and tomato) and controls.  It was found that E.coli 
were detected on vegetables but in greater numbers on control samples from markets.  No Salmonella 
were detected on vegetables.  Viruses were detected in effluent entering the dam and in stored effluent 
but in the latter the highest level was eight infections units per L and whereas 96% of raw effluent 
samples tested positive for viruses, only 36% of stored effluent samples tested positive.  It was 
concluded that a range of crops could be safely irrigated with effluent. 

In a recent issue of Water Science and Technology (IWA 2003) the proceedings of a conference titled 
“From Nutrient Removal to Recovery” in the Netherlands in October 2002, included some seven papers 
dealing with urine and black water separation (but not composting toilets).  Several papers dealt with the 
energy advantages of source separation and agricultural use compared to conventional wastewater 
treatment and use of chemical fertilisers and a general conclusion was that in terms of energy use and 
impact on receiving waters, source separation options make good sense.  One paper dealt with 
acceptance of urine-based fertiliser by Swiss farmers and concluded a reasonable level of interest (this 
paper is discussed in more detail below).  Maurer et al in the same publication pointed out that 
conventional nitrification and denitrification in a wastewater treatment plant followed by fertiliser 
production from atmospheric nitrogen using natural gas involved energy use of 45 MJ/kg N for treatment 
and 37 MJ/kg N for fertiliser manufacture by the Haber-Bosch process, a total of 82 MJ/kg.  This 
compared to around 60 MJ/kg N for collecting and evaporating urine and carting it to agricultural land. 
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An integrated research project being run in Switzerland, Novaquatis, is investigating the possibilities of 
urine separation for improved wastewater management.  The project is a collaborative effort, and 
research has been divided into eight work packages, as depicted in the diagram below (EAWAG, 2003). 

 

Information obtained from this project has been published internationally and on the website 
(www.novaquatis.eawag.ch), and research into consumer acceptance of alternative sanitation systems 
and the end product as a fertiliser are of particular relevance to the composting toilet demonstration 
project. 

One publication to come out of the Novaquatis project reports on the views held by farmers in 
Switzerland on recycled anthropogenic nutrients as fertilisers.  Lienert et al.  (2003) conducted a mail 
survey of 467 Swiss farmers, categorising each as either organic (10.2%) or “integrated production” (IP) 
(89.8%).  Questions asked covered the following areas: 

 Personal – gender, age; 

 Farm details; 

 Acceptance of urine-based fertiliser; 

 Nutrient demands & product needed; 

Over all groups surveyed, 57% of farmers had an “explicitly positive” attitude towards the idea of urine-
based fertiliser, with 33% of respondents stating that they thought use of urine as a fertiliser was a “bad 
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idea”.  With regards to changing regulatory controls to allow use of urine as a fertiliser, 48% of farmers 
surveyed welcomed the idea, whilst 38% were against it.  A total of 42% stated that they would by urine-
based fertiliser if it were available.  Where respondents had indicated that they would not buy the 
product, 76% of these stated their reason as having no need for fertiliser, 54% thought the fertiliser was a 
bad idea, and 46% had quality concerns (mainly relating to micro-pollutants such as hormones).  
Farmers stating that they had no need for fertiliser were often organic farmers.  The researchers also 
found that older respondents had more distinct opinions relating to use of urine as a fertiliser (either 
firmly positive or firmly negative). 

Conclusions from the study were that farmers having a real need to purchase additional fertilisers would 
be most likely to accept a urine-based product.  This meant the market chances would be especially high 
among IP and vegetable farmers, although expectations were that the product would have to be cheap, 
odourless, of the desired type (grainy ammonium nitrate) and free of micro-pollutants. 

 

Health Risks Associated with re-use of human urine and faeces as fertiliser 
The health risks associated with re-use of urine as a fertiliser are largely due to contamination of the 
urine with faecal matter.  Human urine does not generally contain pathogens that can be transmitted 
through the environment.  Factors affecting the persistence of microorganisms in source separated 
human urine include temperature, pH, dilution and the presence of ammonia. 

Hoglund & Ashbolt (2002) undertook a quantitative microbial risk assessment (QMRA) for a urine 
separating sewerage system.  They evaluated exposures related to both handling of stored and un-
stored urine, and consumption of crops fertilised with urine.  The source of risk was faecal cross-
contamination, with representative pathogens chosen.  QMRA is a risk tool used to predict the 
consequences from potential or actual exposure to infectious microorganisms, and is based on chemical 
risk concepts.  A dose-response model is used to calculate the risk of infection from a dose of a certain 
pathogen, to which individuals may be exposed.  Major outcomes of the study were as follows: 

Accidental ingestion of 1 mL of 
unstored urine: 

 High risk of viral infection (0.56 probability of infection), 
approximately 1:10 000 risk of bacterial or protozoan 
infection. 

Accidental ingestion of 1 mL of 
urine stored for 6 months at 20°C: 

 Risk of viral infection less than 10-3 (suggested acceptable 
risk benchmark). 

Ingestion of crops contaminated 
with urine, 3 weeks after fertilising: 

 Risk of less than 10-5 

Ingestion of crops contaminated 
with urine, 4 weeks after fertilising: 

 Risk of less than 10-7 

 

Hoglund (2001) conducted a study into the persistence of pathogens in source-separated human urine, 
and an assessment of the risks.  The major findings from the study are as follows: 

 Pathogens excreted in urine present a minor risk in relation to the reuse of human urine; 

 Any faecal cross-contamination that may occur is regarded as a possible health risk; 
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– The degree of faecal contamination may be related to the number and type of users, and to the 
type of toilet used; 

 Bacteria generally died off more quickly in undiluted urine than in diluted urine, at both 4°C and 20°C  

– a fivefold increase in survival time was noted for E.coli in 1:9 diluted urine compared to undiluted 
urine 

– Lower storage temperatures corresponded to longer survival times; 
– pH was approximately the same in all dilutions, however most bacteria had better survival at pH 6 

than at pH 8.9; 
 Recommendations for crops to be fertilised (depending on temperature and storage time) were as 

follows (note that processing of crops refers to commercial processing using, for example, heat which 
would inactivate all pathogens except for bacterial spores): 
(table taken directly from Hoglund) 

 
– Fertilising grasslands used for cattle fodder with urine was not recommended, as grazing animals 

may consume soil. 
 For crops where the edible part of the plant is above the surface, working the urine into the soil is 

recommended.  For crops growing under the surface, however, it is more beneficial from the hygiene 
point of view to not work the urine into the soil (since UV and heat will deactivate the pathogens more 
quickly); 

 Results from the risk assessment carried out indicated that: 

– In the worst case scenario the risk for bacterial infections from ingestion of 100 g of crop is <10-15 
(negligible) if urine is stored for one month at 4°C; 

– After six months storage at 4°C (or one month at 20°C) the risk for protozoan infections is less 
than 10-7. 

 Storage of urine is a simple means of controlling pathogen spread, although inactivation of pathogens 
will continue after the urine has been spread; 

– Inactivation of pathogens on crops is considered to be faster than inactivation of pathogens in the 
soil.  This assertion is also backed up by Feachem et al.  (1983), who state that ‘once pathogens 
are on the crop, their survival is not long compared with survival in soil’. 

 Another risk is the uptake and growth of pathogens in crops grown with the urine fertiliser 
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– This has been reported for bacteria that were present in the seed, for plants grown hydroponically 
and for damaged plants, but “probably does not occur to a sufficiently large extent in the field to be 
a risk; 

 Other risks are related to pharmaceuticals – not considered by Hoglund 

– This issue is currently hindering the promotion of urine as a fertiliser in organic farming in the EU; 
– Commonly used antibiotics could also degrade in the environment. 

Energy Usage 
As previously mentioned, the eco-village Toarp used composting toilets equipped with heating elements.  
The energy demand from the heating elements was calculated as 325-650 kW.hr per person per year, 
compared with 146 kW.hr for a traditional sewage system (Fittschen, 1997).   

Johanssen (2000) calculated the equivalent energy use for the system used in his studies, and 
compared this to conventional sewage treatment and use of chemical fertiliser.  It was concluded that 
urine separation would reduce overall energy use provided the agricultural land was less than 100 to 200 
km away, the longer distance applying for a truck and trailer arrangement (similar to the Australian B-
double).  The estimated energy use, including that for mineral fertiliser in the conventional sewage case 
is summarised in table A2 below (based on scaling and accurate to only about 10 MJ/c.yr. 

Table A2 – MJ/c.yr total energy use (Johanssen, 2001) 

 
Conventional 

Sewerage 
1 km to site, 
single tanker 

truck 

100 km to site, 
single tanker 

truck 

100 km to site 
with tanker 
truck/trailer 

config. 

200 km to site 
with tanker 
truck/trailer 

config. 

Mineral 
fertiliser 75 0 0 0S 0 

Oil  20 25 110 80 115 

Electricity 170 140 140 140 140 

Total 265 165 250 220 255 

 

Jonsson (2001) found, in a combined study of information from five different installations of urine 
separating toilets, that 24 MJ per person per year was required for transporting and spreading the 
separated urine at a farm site 33 km away from the installation.  When taking into account the decreased 
nutrient load on the sewage system, 31 MJ per person per year was saved.  Also, by taking into account 
the replacement value of the source separated urine, a further 75 MJ per person per year was saved by 
not producing the mineral fertilisers.  This meant that a total of 82 MJ per person per year was saved by 
sing urine separating toilets and re-using the fertiliser, and that the urine could be transported up to 220 
km (by truck and trailer) before the urine separating system used as much energy as the conventional 
system. 

Australian Bureau of statistics Information of fuel usage for cartage in Australia is as follows: 
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Table  A3 – Fuel usage per 100 km (L) 

Vehicle Type 2000 2001 

Light commercial 13.4 13.6 

Rigid Trucks 27.5 28.0 

Articulated Trucks 52.1 53.1 

Non-freight carrying trucks  25.9 25.0 

 

Table A4 – Average Load carried per trip (kg) 

Vehicle Type 2000 2001 

Light commercial 377 326 

Rigid Trucks 5 854 5 632 

Articulated Trucks 22 615 23 639 

 

Table A5 – Fuel consumption – type of fuel against type of vehicle (L per 100 km) 

Vehicle Type Light Commercial 
Vehicle Rigid Truck Articulated Truck 

Year 2000 2001 2000 2001 2000 2001 

Petrol – Unleaded 14.2 14.1 23.9 21.7 45.7 37.1 

Petrol – Leaded 13.1 13.2 19.5 16.3 - 49.6 

Petrol – Total 13.3 13.3 22.5 20.7 45.7 42.2 

Diesel 11.9 12.7 27.5 28.3 52.1 53.1 

LPG/CNG/dual fuel 17.2 17.8 31.6 24.2 - - 

 

Based on preliminary cartage volume calculations, it is likely that the quarterly weights of urine and 
compost produced will be approximately four tonnes.  This points to a rigid truck type as the transport 
vehicle (from those discussed in the ABS document) and a fuel consumption of approximately 30 litres 
per 100 km travelled.
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Composting Toilet Demonstration Feasibility Study
Table A6 - Per Capita Load Data & Adopted Loads

l values in g/capita.day Paper

Source Henze, 
1997

Del Porto 
et. al. 

(2000) (6)

Del Porto 
et. al. 

(range)

JAC 
Samoa 

Estimate 
(2)

Henze, 
1997

Jonsson 
et. al, 
1997

Ligman et. 
al, 1974

Del Porto et. Al. 
(2000) (6)

Del Porto 
et. al. 

(range)

Van 
Nostrand (7)

JAC Samoa 
Estimate (2) Henze, 1997 Ligman et. 

al, 1974
Del Porto et. Al. 

(2000) (6)

Del Porto 
et. al. 

(range)

JAC Samoa 
Estimate (2)

Ligman et. 
al, 1974

Volume (L/c.day) 1.25 0.4-1.7 1.2 0.5-2 0.18 0.07-0.4
Component BOD5 25 30 12-40 15 10.419 7.5 1.8-13.6 3 11.35 11.1 6-18 12 1.812

COD 75 57 32-86 15.1 5.4-30 33 19-55
Urea N 6-180

Creatine N 0.3-0.8
NH3.N 0.4-1

Uric Acid N 0.008-0.2
TN 11 18 5.9-18 8 10 4.9 15.402 10.4 3.6-16 6 1 (1) 1.359 2 0.25-4.2 2
TP 2 1.9 0.6-4.2 1.5 1.5 0.42 0.906 1.1 0.5-2.5 0.75 0.5 (1) 0.453 0.7 0.1-1.7 0.75
K 2.8 1.5-6.1 1.34 2.3 1-4.9 1.5-2 0.7 0.2-1.3

Na 2-4
Ca 3.7 3-4.5 1.3 0.15-2.2 0.1-0.3 1.1 0.67-1.4
Mg 0.2 0.06-0.2 0.1-0.2 0.15
Cl- 4-8

SO4
2- as S 0.6-1.8

organic SO42- as S 0.006-0.2
Fats 4.53

Organic Carbon 30 19-45 6.6 1.8-11.9 21.4 13.2-33
Organic TS 92 59-118 39.1 65?-85 44.8 26-58

TS (3) 109 80-130 59.796 72.4 20-147 27.18 44.7 30-60 9.966
SS (4) 30 0 21.744 30 9.06

C:N Ratio 0.8 0.4-1.2 8.2 5-11.3

NOTES: Other information from Del Porto
(1) These values calculated as Faeces = (Total Physiological - Urine) 1 pe = 1.2 faecal events and 4 urine events/d
(2) Reference Source Unknown 45% to 70% moisture is optimum for composting
(3) Total Solids, dry weight 5-20 deg C  molds and yeasts
(4) Suspended Solids, dry weight 20- 45 deg C mesophilic composting
(5) Possibly to be used where no value for total load was found in literature optimum C:N ratio for aerobic bacterial is 25:1
(6) Value given here is average value from Del Porto.  All values assume density of urine is 1.0 kg/dm3 add one small handfull of dry matter per person per day or one small handfull every 10th visit
(7) Van Nostrand's Scientific Encyclopedia as reported in Del Porto et al approx 70 of the faecal mass is destroyed or evaporated

Typical Total Sewage
Paper % of sewage

Source Min Max Adopted Min Max Adopted Adopted Min Max

Sum of 
adopted 

component 
values (5)

Adopted

Urine Faeces

Urine + faeces

Volume (L/c.day) 0.5 2 1.2 0.07 0.4 0.18 0.02 0.4 1.7 1.4 1.4 180 0.67% 0.10% 0.78%
Component BOD5 1.8 13.6 7.5 6 18 11 1 12 40 19.5 25 60 12.50% 18.33% 41.67%

COD 5.4 30 15 19 55 33 32 86 48 50 150 10.00% 22.00% 33.33%
TN 3.6 16 10 1 2 1.2 5.9 18 11.2 11 12.5 80.00% 9.60% 88.00%
TP 0.4 2.5 1 0.1 1.7 0.5 0.6 4.2 1.5 1.5 1.8 55.56% 27.78% 83.33%
K 1 4.9 1.5 0.2 1.3 0.7 1.5 6.1 2.2 2.2

Na 2 4 3 - - 2 4 3 3
Ca 0.15 2.2 0.3 0.67 1.4 1.1 3 4.5 1.4 1.4
Mg 0.06 0.2 0.2 - - 0.15 - - 0.35 0.3
Cl- 4 8 6 - - - - 6 6

SO4
2- 0.6 1.8 1.2 - - - - 1.2 1.2

NH3.N 0.4 1 0.7 - - - - 0.7 0.7
Fats - - 0 - - 4.5 - - 4.5 4.5

Organic Carbon 1.8 11.9 6.6 13.2 33 21 19 45 27.6 27
Organic TS 0 39.1 40 26 58 40 59 118 80 80

TS (3) 20 147 70 30 60 44 9.966 80 130 124 120 160 43.75% 27.50% 75.00%
TDS 70 14 85 150 9.33% 56.67%
SS (4) - - 0 - - 30 9.06 - - - 35 60 50.00% 58.33%

Data from Literature Survey

Total (physiological) Load Urine Faeces

Adopted Confidence Ranges and Likely Order of Magnitude Values 
All values in g/capita.day Urine Faeces Total Load

 
27/11/2003 12:05 PM

Adopted Loads
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31 14039 Composting Toilet Demonstration
Table B1
Preliminary Costings - Traditional Sewage and Treatment vs. Carting Urine and Compost

Component Total 
Sewerage Composting Toilet Urine Faeces Concentrations in 

Urine mg/L
Contribution % of Total

Flow L/c.d 200 50 25% 2.2 2 0.2
BOD g/c.d 50 15 30% 15 3 12 1 500
SS g/c.d 50 30 60% 30 0 30  0
TN g/c.d 15 8 53% 8 6 2 3 000
TP g/c.d 2 1.5 75% 1.5 0.75 0.75 375

Cartage Energy Use Versus Pumping 437 kg/yr

Sewerage Carting Urine and Compost

Flow per capita Pump Head kW kW.hr/yr.c MJ/yr.c at 25% efficiency Truck Cartage say ave half full 2.5 tonne No evap 50% evap 75% evap
L/c.d m 5 tonne truck carrying 2.5 tonne Tonne/person.yr 0.437 0.2185 0.10925

50 0 0.00000 0 0.0 Round trip say 80 km
50 10 0.00011 0.975935829 14.1 say fuel use = 30 L/100 km
50 25 0.00028 2.439839572 35.1 Calorific value 38.6 MJ/L 78.1 kg CO2-e/GJ
50 50 0.00056 4.879679144 70.3 MJ/100 km 1158 78.1 g CO2-e/MJ
50 75 0.00084 7.319518717 105.4 MJ/yr.c MJ/km 11.58 1 MJ 25.9 mL 3014.66 g CO2 e/L
50 100 0.00111 9.759358289 140.5 MJ/km.tonne 4.632

1 kW 1 kJ/s Round Trip kM MJ/yr.c at 50% no eMJ/yr.c at 50MJ/yr.c at 75% evap
1 kW.hr 3600 kJ 75 152 76 38

100 202 101 51
150 304 152 76 MJ/yr.c

Treatment and disposal energy
For 4 M people 4380000 ha

Sewerage Spreading Urine and Compost 209.2845 km x km
BOD 15 g/c.d Assume application at 50 kg N/ha.yr
TN 8 g/c.d ha/c 1.095 ha
O2 carbonaceous 1.5 kg O2/kg N Assume one subsurface injection pass, say 2 km at 50 L/100 km
O2 Nitrif 2.7 kg O2/kg BOD 1 L fuel
O2/c.d 44.1 g/d.c 38.6 MJ/c.yr 38.6 MJ/yr.c
O2/yr 16.1 kg/yr.c At 25% efficiency, 0% on-site generation
kg O2/kW.hr 1.5 (allows for 70% self-sufficiency) Compost toilet fan
kW.hr/yr.c 24.1 86.9 MJ/yr.c 417.2 MJ/yr.c Assume say 4 W mains driven 24 hrs/d 4 W
Plant pumping 4.82895 17.4 35.04 kW.hr/yr 25% efficiency 224.256 MJ/yr.c
Sludge carting
DS 30 g/c.d 12 Apartments 420.48 kW.hr/yr
DS after treatment 18 g/c.d 2000 units 70080 kW.hr/yr
kg/yr.c DS 6.57 kg/c.yr
Wet cake 32.85 kg/c.yr Supplementary heating based on 300 MJ/apartment/yr
Cartage energy 4.63 MJ/km.tonne 133.33333 MJ/yr.c
Cartage per c per km 0.15 MJ/c.km.yr
Spreading Say 9.65
Trip km MJ 25% of that for compost toilet

25 3.8 MJ/c.yr Urine evaporation
50 7.6 MJ/c.yr 7.6 MJ/c.yr No evap 50% evap 75% evap

100 15.2 MJ/c.yr 566 415 339 MJ/yr.c Mains fan
Total for operating energy 539.9 MJ/c.yr 342 190 115 MJ/yr.c Solar powered fan and no heating

Conclude it is worth concentrating urine to reduce cartage cost.

Ref AGO Factors and Methods 
Workbook, Version 3, March 
2003

WC Contribution

27/11/2003 12:06 PM
Preliminary Costings 
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31 14039 - Composting Toilet Demonstration
Table B2
Fertiliser Usage, Australia

Conventional Fertiliser Use

NLWRA - total fertiliser consumption, Australia
N  1 500 kt/yr (99/00)
P   460 kt/yr
K   180 kt/yr
NPK  2 140 kt/yr

IFA - total fertiliser consumption, Australia & NZ 
NPK  3 090 kt/yr (99/00)
NPK  3 200 kt/yr (00/01)

ABARE - Fertiliser Usage Australia
N   0.021 t/ha (00/01)
P   0.013 t/ha
K   0.003 t/ha
NPK   0.036 t/ha
Arable Land  461 211 sq.km www.ga.gov.au/education/facts/dimensions/compare.htm

46 121 100 ha
Total NPK use 1 655 629 t/yr

 1 656 kt/yr

Nutrient Loads from Human Excreta
(using adopted loads)

Per Person 
N   11 g/c.day
P   2 g/c.day
K   2 g/c.day
NPK   15 g/c.day

  0.015 kg/c.day

Total Australian Population
Aust Population 19 663 600 people www.abs.gov.au
NPK Production  289 055 kg/day

  289 t/day
 105 505 t/yr

  106 kt/yr
Total New Zealand Population
NZ Population 4 009 000 people www.stats.govt.nz
NPK Production  58 932 kg/day

  59 t/day
 21 510 t/yr

  22 kt/yr

% Total Fertiliser use potentially recoverable from Human Excreta

NLWRA 4.93% (Aust only)
IFA 4.11% (Aust & NZ)
ABARE 6.37% (Aust Only)

Average 5.14%

Calcs
G:\31\14039\TECH\FertiliserUsage NutrientRecovery.xls
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31 14039 Composting Toilet Demonstration
Table B3
Design - Dense Urban Development of 2000 Units - Conventional Sewerage Scheme vs Dry Composting Toilets
DESIGN VALUES

Assume no significant tourism Composting/Greywater Design
Item Unit Value Item Unit Value
Population persons 4500 Greywater volume ML/yr 214
ep/house persons/hse 2.25 Water saving ML/yr 82 82.1 check 18.22222
Houses units 2000 Area required for use of compost and urine (dryland cropping 100 kg N/ha.yr) ha 166 936
Load Area of open space available ha 18
Sewage ADWF kL/d 810 Nett additional area required ha 148

kL/hr 33.75 Assume all urine and leachate goes to agriculture
L/s 9.38 nitrogen available kg/yr 16556

Peak dry weather flow kL/d 2430 phosphorus available kg/yr 2464
PDWF/ADWF 2.5 potassium available kg/yr 2464
kL/hr 101.25 volume of urine plus leachate kL/yr 1700
L/s 28.13 Area of dryland for urine and leachate disposal at 100 kg N/ha.yr ha 166

Peak wet weather flow kL/d 2835 Total water volume used by town at 162 kL/house.yr ML/yr 274 130 L/c.d
PWWF/ADWF 3.5 Water for gardens ML/yr 60 293 L/household.d
kL/hr 118.125 Total water use ML/yr 334 107 kL/yr per house
L/s 32.81 Water applied to open area ML/ha.yr 3.39 30

Rising main size required at 2 m/s mm dia 144.52 BOD to grey water sewer kg/d 158 137 kL/house.yr
Annual flow ML/yr 325.215 TN to grey water sewer kg/yr 2464 274 ML/yr Total water use

Annual/Ave 1.1 TP to grey water sewer kg/yr 493 61 kL/person.yr Per capita water use
kL/d 891 Sewerage

BOD kg/d 270 Energy for pumping to STP kW 7.17
SS kg/d 270 Pumping head m 55
TN kg/d 56.25 Compost and Leachate Cartage
TP kg/d 8.1 2956.5 Total annual mass leachate and urine tonne/yr 1700
K kg/d 0 Total annual mass compost tonne/yr 35
TDS kg/d 270

Water use at 79 kL/c.yr ML/yr 356 79.03333333 Sewerage
Town Area block width block depth Energy for pumping to STP kW 7.17
Ave lot size ha 0.04 say 10x40m 10 40 400 Pumping head m 55
Unoccupied lots % of houses 5% Assume there are block of 10*2 houses for each section of road
Total Lots no 2100 10x10 + 2x40+w 190 per 20 houses
Total Lot area ha 84 2100/20 105 lots of 20 houses
Road length m 19950
Road width m 10
Road area ha 20.0
Public open space % of lots 3%

ha 2.1
Public building site area % of lots 2%

ha 1.7
Total subdivision area ha 108
km squared km 1.04
Population density persons/ha 41.77
Average house + shed area m2 300.00
Average paving per site m2 40.00
Vegetated area available per house lot % 15%
Vegetated area available per house lot ha 0.01
Vegetated area available on roads % 15%
Other vegetated area ha 2.1
Total vegetated area available for irrigation/nutrient application ha 18

% 16%
Water use per household excluding gardens ML/yr 296 180 L/c.d
Water use on gardens ML/yr 60
Total water use ML/yr 356

Sewerage
Energy for pumping to STP kW 10.92
Pumping head m 55

40

Conventional Sewerage System Design Capital Cost Composting Toilet/Greywater Design Capital Cost

Item No Unit Rate $/unit Amount $ Amount $ Item No Unit Rate $/unit Amount $ Amount $
Water supply headworks charge  2 000 ET 700 1 400 000 Water supply headworks charge  2 000 ET   538 1 076 719
Water supply reticulation cost  2 000 ET 1500 3 000 000 Water supply reticulation cost  2 000 ET  1 407 2 813 370
Sewerage headworks charge  2 000 ET 1900 3 800 000 Sewerage headworks charge  2 000 ET  1 247 2 494 949
Sewerage plumbing in house  2 000 ET 3500 7 000 000 Sewerage plumbing in house  2 000 ET  2 750 5 500 000
Water supply plumbing  2 000 ET 2500 5 000 000 Water supply plumbing  2 000 ET  2 300 4 600 000
WC  4 000 Units 700 2 800 000 WC   0 Units   700   0

Composting toilets  2 000 items  6 000 12 000 000
Sewer house connections assuming 50% of unnocupied lots connect 2050 item  1 200 2 460 000 Grey water sewer house connections  2 000 item   400  800 000

Sub Total of Household Costs 25 460 000 Sub Total of Household Costs 29 285 038
Contingencies, Engineering, Project Management 25% 6 365 000 Contingencies, Engineering, Project Management 25% 7 321 260

Total of Household Costs 31 825 000 11212.5 Total of Household Costs 36 606 298 14058.1
$/household  15 913 $/household  18 303

Reticulation sewer - 150 mm (80% of road length)  15 960 m   150 2 394 000 Greywater reticulation sewer - 100 mm (80% of road length)  15 960 m   100 1 596 000
Trunk sewer 300 mm at 15% of road length  2 993 m   350 1 047 375 Trunk sewer 250 mm at 15% of road length  2 993 m   300  897 750
Reticulation pump stations 4 item  75 000  300 000 Reticulation pump stations 4 item  45 000  180 000
Main pump station 1 item  180 000  180 000 Main pump station 1 item  130 000  130 000
Main to trunk sewer 150 mm  3 000 m   150  450 000 Main to trunk sewer 100 mm  3 000 m   125  375 000

Sub Total of Sewer Reticulation and PS Costs 4 371 375 Sub Total of Sewer Reticulation and PS Costs 3 178 750
Contingencies, Engineering, Project Management 40% 1 748 550 Contingencies, Engineering, Project Management 40% 1 271 500

Total of Sewer Reticulation and PS Costs 6 119 925 Total of Sewer Reticulation and PS Costs 4 450 250
$/household  3 060 $/household  2 225

GRAND TOTAL 37 944 925 GRAND TOTAL 41 056 548
$/household  18 972 $/household  20 528

Conventional Sewerage System Design Operating Cost Composting Toilet/Greywater Design Operating Cost
Water saving 0 ML  1 500   0 Water saving 82 ML  1 500 - 123 188
Sewerage system operating and maintenance cost  2 000 households   150  300 000 Sewerage system operating and maintenance cost  2 000 households   60  120 000
Maintenance of composting toilets Maintenance of composting toilets  2 000 households   50  100 000

Electricity for fans (assume mains purchase price equivalent)  70 080 kW.hr/yr 0.12  8 410

Sewage pumping cost  95 651 kW.hr/yr 0.12  11 478 Sewage pumping cost  62 801 kW.hr/yr 0.12  7 536
Compost and urine cartage truck and labour cost for 150 km round trip  1 735 tonne/yr 45  78 736 See cartage energy sheet
Compost and urine cartage fuel cost for 150 km round trip  4 500 persons 3.8  17 187 See cartage energy sheet

Percentage self-suuficinet in treatment plant energy 70% Percentage self-suuficinet in treatment plant energy 70%
Marginal treatment plant aeration energy  35 067 kW.hr/yr 0.12  4 208 Marginal treatment plant aeration energy  18 380 kW.hr/yr 0.12  2 206
Marginal sludge disposal cost 59 tonne DS/yr   90  5 322 Gas boost energy use  300 000 MJ/yr 1.00787  302 361 AGL price

Total equivalent energy use kW.hr/yr 83 598 794 kW.hr/yr
Total equivalent energy use kW.hr/yr  130 719 kW.hr/yr Fertiliser value 17 tonne/yr N   600 - 9 934
Monitoring and management 1 item  3 000  3 000 Monitoring and management 1 item  3 000  3 000

Total operating and maintenance cost 324 008 Total operating and maintenance cost  506 313
$/household 162 $/household 253

Total Annual Cost with I&R at 10% pa 4 118 500 Total Annual Cost with I&R at 10% pa 4 611 968
$/household  2 059 $/household  2 306

Additional Operating Cost with Phosphorus Remval

Phosphorus removal 2957 kg P/yr 5  14 783 Phosphorus removal 493 kg P/yr 5  2 464

Total operating and maintenance cost  338 790 Total operating and maintenance cost  508 777

$/household 169 $/household 254

Total Annual Cost with I&R at 10% pa 4 133 283 Total Annual Cost with I&R at 10% pa 4 614 432
$/household 2 067 $/household  2 307

Additional Capital Cost if Trunk Sewer and Treatment Plant is as Capacity
Assume that a peak flow balancing storage and 15 km of rising main has to be built
Peak flow balancing storage of 1ML 1 000 000
15 km of 15 main 1 800 000
Additional cost of PS  50 000
Treatment plant capacity expansion for 4 500 ep 1 125 000

Sub Total 3 975 000
Contingencies, Engineering, Project Management 40% 1 590 000

Total additional capita cost 5 565 000
$/household 2782.5

Revised capital cost, no P removal $ 43 509 925
$/household  21 755

Revised annual operating cost, no P removal $ pa 324 008
$/household   162

Revised annual cost, no P removal $ pa 4 675 000
$/household 2 338

kL/yr per house lot for irrigation

% of irrigable area town required for 
nutrient assimilation

Sewer reticulation, aerated lagoons, winter storage, irrigation. Compost toilets, greywater sewerage, facultative greywater lagoons, winter storage, greywater recycling

km at 1:800 grade + static lift (assume 0) 
+10% for other losses

Design and Cost
G:\31\14039\WP\Documents for Final Report (Excepting Main WP Doc 60610)\Items for Appendices\Scenarios - Dense Urban Sewerage Scheme vs Dry Composting Toilets Final.xls
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Smart Water Fund
Table B4
Design - Small Town Sewerage Scheme vs Dry Composting Toilets
Assume no significant tourism

Item Unit Value Composting/Greywater Design

Population persons 2000 Item Unit Value
ep/house persons/hse 2.50 Greywater volume ML/yr 108.04
Houses units 800 Water saving ML/yr 36.5
Load Area required for use of compost and urine (grass and trees only) ha 134.29 52
Sewage ADWF kL/d 360 Area of open space available ha 260

kL/hr 15 Nett additional area required ha -126.1
L/s 4.17 Assume all urine and leachate goes to agriculture

Peak dry weather flow kL/d 1080 nitrogen available kg/yr 5782
PDWF/ADWF 3 phosphorus available kg/yr 642.4 28
kL/hr 45 potassium available kg/yr 963.6
L/s 12.50 volume of urine plus leachate kL/yr 755.5 944 L/house.yr

Peak wet weather flow kL/d 1440 Area of pasture for urine and leachate disposal at 20 kg N/ha.yr ha 289.08
PWWF/ADWF 4 Area required for greywater irrigation at 1.5 ML/ha.yr ha 72.0 150 mm/yr L/c.d at 35% on garden
kL/hr 60 Total water volume used by town at 200 kL/house.yr ML/yr 160 219 L/c.d 276.9230769
L/s 16.67 Water for gardens ML/yr 51.96 kL/h'hold.yr at 2.5 ppl/house

Rising main size required at 2 m/s mm dia 103.00 Water applied to open area ML/ha.yr 0.20 20 mm/yr 252.6923077
Annual flow ML/yr 144.54 Winter storage required for grey water (say 50% of volume) ML 54.02 kL/h'hold.yr at 1.67 ppl/house

Annual/Ave 1.1 Area of winter storage ha 2.1608 168.7984615
kL/d 396 BOD to greywater storage kg/d 70 Adopt 200

BOD kg/d 120 TN to greywater storage kg/yr 1095
SS kg/d 120 TP to greywater storage kg/yr 219 27.6655469
TN kg/d 25 Area required for greywater irrigation at 20 kg N/ha.yr ha 54.75
TP kg/d 3.6 Area required for greywater irrigation at 5 kg P/ha.yr ha 43.8
K kg/d 0 (note grey water irrigation is controlled by the water volume)
TDS kg/d 120 Treatment primary lagoon area for greywater at 70 kg BOD/ha.yr ha 1

Say secondary lagoon ha 0.5
Town Area Winter storage area ha 2.1608
Ave lot size ha 0.3 Greywater reticulation length m 12853
Unoccupied lots % of houses 15% Water use in town ML/yr 123.5
Total Lots no 920
Total Lot area ha 276
Road length m 21820
Road width m 10
Road area ha 21.8
Public open space % of lots 3%

ha 6.9
Public building site area % of lots 3%

ha 8.3
Total town area ha 313
km squared km 1.77
Population density persons/ha 6.39
Average house + shed area m2 250.00
Average paving per site m2 90.00
Vegetated area available per house lot % 89%
Vegetated area available per house lot ha 0.27
Vegetated area available on roads % 40%
Other vegetated area ha 6.9
Total vegetated area available for irrigation/nutrient application ha 260

% 83%
WWTP design
Winter storage at 50% of annual flow ML 72.27

ha 2.8908
Irrigation area (trees) at 9 ML/ha.yr ha 16.06
Facultative lagoon  (primary) at 90 kg BOD/ha.d ha 1.3333333
Polishing lagoons at 60 day detention ML 21.6

ha 1.08
Total treatment plant area (50% allowed for banks and buffer) ha 7.9562
Total irrigation area (50 m buffer) ha 25.074986
Total site area ha 33.031186
Energy for pumping to STP kW 1.7647059
Pumping head m 20
Energy for irrigation pumping kW 0.8823529
Treatment plant energy kWhr/yr 87600

Conventional Sewerage System Design Capital Cost Composting Toilet/Greywater Design Capital Cost
Sewer reticulation, Extended Aearation Plant, Winter Storage, Irrigation. Compost toilets, gw sewerage, facultative greywater lagoons, winter storage, gw recycling
Item No Unit Rate $/unit Amount $ Amount $ Item No Unit Rate $/unitAmount $ Amount $
Water supply headworks charge Sunk cost Water supply headworks charge Sunk cost
Water supply main to area Sunk cost Water supply main to area Sunk cost
Water supply plumbing Sunk cost Water supply plumbing Sunk cost
WC Sunk cost WC Sunk cost

Composting toilets 860 items  4 000 3 440 000
House connections assuming 50% of unnocupied lots connected 860 item  1 500 1 290 000 House connections assuming 50% of unnocupied lots connected 860 item  1 000  860 000

Greywater house connections and equipment 860 item   500  430 000
Sub Total of Household Costs 1 290 000 Sub Total of Household Costs 4 730 000

Contingencies, Engineering, Project Management 25%  322 500 Contingencies, Engineering, Project Management 25% 1 182 500
Total of Household Costs 1 612 500 Total of Household Costs 5 912 500

$/household  2 016 $/household  7 391
Reticulation sewer - 150 mm (60% of road length) 13092 m   150 1 963 774 Greywater reticulation sewer - 90 mm (30% of road length) 6546 m   60  392 755
Trunk sewer 200 mm at 5% of road length 1091 m   200  218 197 Trunk sewer 150 mm at 5% of road length 1091 m   100  109 099
Reticulation pump stations 3 item  30 000  90 000 Reticulation pump stations 2 item  20 000  40 000
Main pump station 1 item  100 000  100 000 Main pump station 1 item  80 000  80 000
Main to WWTP 150 mm 3000 m   100  300 000 Main to WWTP 100 mm 1000 m   70  70 000

Sub Total of Sewer Reticulation and PS Costs 2 671 972 Sub Total of Sewer Reticulation and PS Costs  691 853
Contingencies, Engineering, Project Management 40% 1 068 789 Contingencies, Engineering, Project Management 40%  276 741

Total of Sewer Reticulation and PS Costs 3 740 760 Total of Sewer Reticulation and PS Costs 968 595
$/household  4 676 $/household  1 211

Treatment plant site 33.0 ha  15 000  495 468 Treatment plant site 11.18 ha  8 000  89 423
Activated sludge plant cost 1.0 Item 1 600 000 1 600 000 Lagoon cost 1.5 ha  75 000  112 500
Winter storage cost 72.3 ML  6 500  469 755 Winter storage cost 54 ML  5 500  297 110
Irrigation pump station 1 item  30 000  30 000 Reuse pump station 1 item  20 000  20 000

Reuse main 1000 m   40  40 000
Solid set irrigation and planting 16.06 ha  20 000  321 200 Reticulation 12853 m   30  385 594

Sub Total of Treatment Plant Costs 2 916 423 Sub Total of Treatment Plant and Reuse System  944 627
Contingencies, Engineering, Project Management 40% 1 166 569 Contingencies, Engineering, Project Management 40%  377 851

Total of Treatment Plant Costs 4 082 992 Total of Treatment Plant Costs 1 322 478
$/household  5 104 $/household  1 653

$/ep  2 041 $/ep   661
GRAND TOTAL 9 436 252 GRAND TOTAL 8 203 572

$/household  11 795 $/household  10 254

Conventional Sewerage System Operating Cost Composting Toilet/Greywater Design Operating Cost
Water saving 0 ML  1 500   0 Water cost for town 37 ML  1 500 - 54 750
Sewerage system operating and maintenance cost 800 households   200  160 000 Sewerage system operating cost 800 households   60  48 000
Maintenance of composting toilets Household composting system maintenance 800 households   50  40 000
Sewage, treatment and irrigation pumping cost 110788 kW.hr/yr 0.12  13 295 Greywater and recycling pumping cost 8774

  0 Urine tankering cost (assumes compost can be used on site) 755 kL/yr   50  37 773
Fertiliser value 5.8 tonne/yr N   500 - 2 891

Monitoring and management 1 item  20 000  20 000 Monitoring and management 1 item  30 000  30 000
Total operating and maintenance cost  193 295 Total operating and maintenance cost  106 907

$/household 242 $/household 134

Total Annual Cost with I&R at 10% pa 1 136 920 Total Annual Cost with I&R at 10% pa  927 264
$/household  1 421 $/household  1 159

Composting Toilet/On-site Greywater Design Capital Cost

Conventional Sewerage System Capital Cost : Pump to Main Sewerage System Compost toilets, on site wetland, urine carting

Sewer reticulation, Pump to 15 km Main Sewer Item No Unit Rate $/unitAmount $ Amount $

Item No Unit Rate $/unit Amount $ Amount $ Water supply headworks charge Sunk cost

Water supply headworks charge Sunk cost Water supply main to area Sunk cost

Sewer Headworks Charge 800 Lots  1 900 1 520 000 Water supply plumbing Sunk cost

Water supply plumbing Sunk cost WC Sunk cost
WC Sunk cost Composting toilets 860 items  4 000 3 440 000

House connections assuming 50% of unnocupied lots connected 860 item   0   0
House connections assuming 50% of unnocupied lots connected 860 item  1 500 1 290 000 Greywater wetland for each house 860 item  1 500 1 290 000

Sub Total of Household Costs 4 730 000
Sub Total of Household Costs 2 810 000 Contingencies, Engineering, Project Management 25% 1 182 500

Contingencies, Engineering, Project Management 25%  702 500 Total of Household Costs 5 912 500
Total of Household Costs 3 512 500 $/household  7 391

$/household 2 634 375
Reticulation sewer - 150 mm (60% of road length) 13092 m   150 1 963 774
Trunk sewer 200 mm at 5% of road length 1091 m   200  218 197
Reticulation pump stations 3 item  30 000  90 000
Main pump station 1 item  50 000  50 000
Main to WWTP 100 mm 15000 m   100 1 500 000 Total of Treatment Plant Costs  0

Sub Total of Sewer Reticulation and PS Costs 3 821 972 $/household   0
Contingencies, Engineering, Project Management 40% 1 528 789 $/ep   0

Total of Sewer Reticulation and PS Costs 5 350 760 GRAND TOTAL 5 912 500
$/household 4 013 070 $/household  7 391

Treatment plant upgrade 800 Households   500  400 000
Total of Treatment Plant Costs  400 000 Composting Toilet/On-site Greywater Design Operating Cost

$/household  300 000 Water saving 37 ML  1 500 - 54 750
$/ep  18 680 Sewerage system operating cost 800 households   0   0

GRAND TOTAL 9 263 260 - 172 992 Household composting/greywater system maintenance 800 households   70  56 000
$/household  11 579

Urine tankering cost (assumes compost can be used on site) 755 kL/yr   50  37 773
Conventional Sewerage System - Pump to Main Sewer - Operating Cost Fertiliser value 5.8 tonne/yr N   500 - 2 891
Water saving 0 ML  1 500   0 Monitoring and management 1 item  10 000  10 000
Sewerage system operating and maintenance cost 800 households   80  64 000 Total operating and maintenance cost  46 132
Pumping cost 77294 kW.hr/yr 0.12  9 275 $/household 58
Treatment cost 145 ML/yr   500  72 270
Pumping head assumed 100 m Total Annual Cost with I&R at 10% pa  637 382
Monitoring and management 1 item  20 000  20 000 $/household   797

Total operating and maintenance cost  165 545
$/household 207

Total Annual Cost with I&R at 10% pa 1 091 871 - 45 048
$/household  1 365

% of irrigable area town required for nutrient 
assimilation

% of irragable town area that could be irrigated

Design
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31 14039 - Composting Toilet Demonstration Project
Table B5 : Capital Cost Estimates and Comparison - 12 Apartments

Item
(supply AND installation unless specified) quantity unit rate ($) total ($) quantity unit rate ($) total ($) quantity unit rate ($) total ($)
1. Bathroom and Plumbing fitout
Standard Toilet

Vitreous china Toilet Suite (pan, cistern)  24 each 2 105 50 520 - - - - - - - -
Standard Toilet Seat  24 each  286 6 864 - - - - - - - -
Composting Toilet
Rotaloo 950

Supply - - - -  12 each 2 300 27 600  12 each 2 300 27 600
Porcelain Separating Pedestal

Supply - - - -  24 each  272 6 528  24 each  272 6 528
Waste chute

Supply - - - -  60 metre  40 2 400  60 metre  40 2 400
Ventilation Pipe, 100mm with wind turbine

Supply - - - -  120 metre  30 3 600  120 metre  30 3 600
Installation - complete Rotaloo - - - -  180 hour  40 7 200  180 hour  40 7 200
Electrical - - - - 24 hour 49 1 176 24 hour 49 1 176

Subtotal Part 1 $ 57 384 $ 48 504 $ 48 504
2. Other construction, equipment etc… 
Urine & Leachate Collection Tanks, 1ML

Supply - - - -  2 each 3 000 6 000  2 each 3 000 6 000
Excavation - - - -  10 cub. mt  125 1 250  10 cub. mt  100 1 000
Installation - - - -  8 hour  51  408  8 hour  51  408

'Basement' room for compost unit
External walls, 150mm thick - - - -  94 sqm  186 17 410  94 sqm  186 17 410

Slab on fill - - - -  12 cub. mt  181 2 085  12 cub. mt  181 2 085
Steps, 150mm thick - - - -  8 cub. mt  200 1 620  8 cub. mt  200 1 620

Aluminium cover for  Access Pit - - - -  6 each 1 700 10 200  6 each 1 700 10 200
Insulation for Rotaloo - - - -  42 sq. mt  20  840  0 sq. mt  20  0

Heating System for Compost Unit

Solar/gas boosted hot water service - Supply - - - -  0 each 7 000  0  0 each 7 000  0
Installation / Plumbing - - - -  96 hour  50 4 800  0 hour  50  0

Ventilation fans and equipment - - - -  13 each  800 10 400  0 each  800  0
Hot water coils for heating incoming air - - - -  12 each 1 500 18 000  0 each 1 500  0

Thermostat to monitor air temp - - - -  12 each  500 6 000  0 each  500  0
Outside Plumbing Related

Trench Excavation, up to 3 m deep  100 metres  40 4 000  100 metres  40 4 000  100 metres  40 4 000

Sewer Line, 100 mm  100 metres  30 3 000  100 metres  30 3 000  100 metres  30 3 000
Urine Line & Leachate Line each 75mm - - - -  180 metres  25 4 500  180 metres  25 4 500

Vent Piping, 100 mm  72 metres  30 2 160  72 metres  30 2 160  72 metres  30 2 160
Connections  36 each  100 3 600  36 each  100 3 600  36 each  100 3 600

Flow Meter - - - -  1 each 5 000 5 000  0 each 5 000  0
Biofilter (odour control) - - - -  1 each 15 000 15 000  0 each 15 000  0

Headworks Charges 12 each 1 500 18 000 12 each 900 10 800 12 each 900 10 800

Subtotal Part 2 $ 30 760 $ 127 073 $ 66 783

Total $ 88 144 $ 175 577 $ 115 287

Engineering & Contingency + 30% + 30% + 30%

Grand Total $ 114 587 $ 228 250 $ 149 873

Difference + $ 113 663 Difference + $ 35 286

$ 9 472 $ 2 940

Standard Toilet Composting Toilet (minimal fitout)

Extra per apartment for 
Composting Toilet

Extra per apartment for 
Composting Toilet

Composting Toilet (with 'extras' )

Cost Estimates
G:\31\14039\WP\Feasibility Report, attachments & appendices\Cost Est for building fitout.xls
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Composting Toilet Demonstration Reuse Trial, Transportation and System Maintenance - Feasibility Stage
Table B6(a): Cost Estimates for the Reuse Trial, 2005-2006

Item Description Unit No. Unit cost Captial O & M Operator Operator Operator
Decommission 

Resale (-ve)
$ $ p.a hrs p.a $/hr $ p.a $

Machinery & Tools
Tractors John Deere 855 equivalent, 25-30 Horsepower (Small orchard)  1 25 000 25 000 2 000  60  25 1 500 -20 000 
Rotary hoe/plough 2m swath - 3 point linkage  1 3 000 3 000  400 incl incl
Grass mower fitting 1.5m foot slasher, 3 point linkage (PTO)  1 1 500 1 500  400 incl incl
Front end loader Double action bucket  1 8 000 8 000  200 incl incl
Urine spreader tanker PTO Driven Pump  1 2 500 2 500  200 incl incl
Hand cultivation tools spades, shovel, forks, gloves…  1  500  500  0  0 
Weed spraying equipment small tractor mounted unit with pump  1 3 000 3 000  200  0 

Infrastructure & Services
Survey & marking site setout GPS Survey of site, mapping, site design hr  23  116 2 610 
Services 10 000 
Power supply, underground :- power cable, check if this rate includes excavation or not m  200  26 5 200 removal incl

power supply connection, meter box hire, installation no  1  500  500 removal incl
Water supply from offsite :- potable, polyethylene, 20mm m  200  15 3 000 removal incl

irrigation, polyethylene, 50mm m  200  20 4 000 removal incl
connections and fittings for water connection LS  2  300  600 

trench for water and power services excavation and backfilling for laying power and water services to the site m  500  6 2 750 
Sump for all waste water estimate, excavation and gravel infill LS  1  500  500 removal incl
cleaning facility pressure hose, timber hording containment, drainage to sump LS  1 1 000 1 000 removal incl
Irrigation - on site only Pipe and installation, usage expected 1.5 ML/yr m  150  70 10 500  200 -2 625 
Irrigation fittings allowance Fittings and misc equipment m  150  5  750 - 188 
Irrigation controls/isolation moisture controllers 5 000 -1 250 
Gravel access rd 200 m in length by 3.5m wide variable gauage heavy rock m2  700  28 19 600 removal incl
Gravel for track and road maintenance in winter  250 removal incl
Fencing 2.1m Mesh Security fence m  700  39 27 300 -9 009 
Gates site entry and exit gates pairs  2  700 1 400 - 462 
Buildings :- General, allowing for removal, 1 week labour, 2000 tip fees 3 200 

Shipping container - for tractor (4x4 m2) no  1 5 000 5 000 -1 500 
Shipping container - for tractor attachments, storing unrine collection tank and spare compost bins (4x4 m2) no  3 5 000 15 000 -4 500 
Site office -portable hire (3x6 m2), 2 years wk  104  60 6 240 nil

Urine tanks tank @ 2.2m dia + timber mount elevated platform (3x3 m2) no  1 1 500 1 500 removal incl
Leachate tank tank @ 2.2m dia + timber mount elevated platform (3x3 m2) no  1 1 500 1 500 removal incl
Compost storage bays Recycled plastic 'Dock Bins' or large wheelie bin style, with lids and ventilation holes etc.  3 No. plus one for failed 

compost (add sawdust and allow to composting to complete)
no  4  500 2 000  50 removal incl

Site signage for direction, information and warning/safety no  10  150 1 500 removal incl

Amenities
Land lease peppercorn rate anticipated  100 nil
Composting toilet no  1 5 000 5 000 -1 250 
Large fridge no  1 2 000 2 000 -1 000 
Large freezer no  1 2 000 2 000 -1 000 
Laboratory sink no  1  200  200 - 66 
Plumbing LS  1  400  400 
Refreshments and cleaning facilities sink, hotwater kettle and wash basin facilities est  1 2 000 2 000 - 660 
Desk and chairs set  1  400  400 - 132 
Filing cabinet, cupboard no  1  200  200 - 66 
Mobile phone allow for new no  1  200  200  480 - 66 
Laptop computer allow for new with windows.  Use ghd software no  1 2 500 2 500 -1 250 

Reuse Trials
Staff labour - site operation and mgt :- Site Surface Preparation, levelling, weed eradication  40  20  800 2 000 

Trial plot layout & cultivation,  500  40 20 000 
Site management incl

Seeds corn, barley, carrots, broccoli, cabbage, potato LS  1 2 000 2 000 
Stakes & crop identification signs est allowance  500 
Pesticides & Herbicides Initial broadacre application prior to establishment per ha  1  375  375 
Fertiliser for control crops conventional, NPK application per ha  1  300  150 
Fuel diesel for tractor Litres 3 000  1 2 700 
Health & Safety allow for PPE and cleaners etc LS  1 2 000 2 000 

Totals 175 850 12 205 22 300 -29 824 

Total for two year trial 175 850 24 410 44 600 -29 824 
Total for Trial Setup & Operation 215 037 

B6(a) -Trial
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Composting Toilet Demonstration Reuse Trial, Transportation and System Maintenance - Feasibility Stage
Table B6(b): Cost Estimates for the Reuse Trial Monitoring, 2005-2008

Item Description Unit No. Unit cost Captial O & M Operator Operator Operator Decommission 
Resale (-ve)

$ $ p.a hrs p.a $/hr $ p.a $
GW Sampling
Bore Installation Installation of 8 bores, including drilling, labour & 

consumables
LS  1 7 500 7 500 

Bore Development Development of 8 bores inc equipment & labour LS  1 1 300 1 300 
Bore Purging & Sampling Purging and sampling of 8 bores inc equipment & labour event  3 2 100 6 300 

Bore Decomissioning Drillers for 1 day hour  8  140  0 1 120 
GW Sample Analysis analysis costs, 1.5 rounds per year (3 rounds over 2 

years) - 8 bores + 2 QA/QC samples per round
no.  15  385 5 775 

Soil Sampling
Equipment Hire Hand Auger day  2  20  40 
Equipment Purchase Trowel, Decon, De-ionised water, disposable gloves, 

brush etc…
each  1  100  100  100 

Labour - Field one person for sample collection hrs  16  90  16  90 1 440 
Soil Analysis - full range 
parameters

analysis costs per sample, 2 per location (0.1 / 0.5 comp, 
1.0)

no  5 1 800 9 000 

Soil Analysis - limited 
parameters

analysis costs per sample, 2 per location (0.1 / 0.5 comp, 
1.0)

no  25  311 7 775 

GW and Soil Reporting Data analysis and reporting for soil and groundwater, 
yearly report

hrs  40  90 3 600 

pH meter
Crop sample prepn equip.  0 
Sundry plastic ware measuring cylinders, etc  200  0 
Scales for weighing compost 
bins

100 kg capacity no  1 1 000 1 000 

Lab scales -Top loading, 
electronic 

Approximately 500g capacity no  1 2 500 2 500 

Crop Monitoring
Crop Monitoring + Supervision

Technician no  1  250  110 27 456 
Scientist no  1  150  180 27 000 
Compost and urine compositions, vol, masses no  20  300 6 000 
Application rates to crops (incl nutrients and water) no  40  100 4 000 
Crop yield and quality no  60  200 12 000 
Fate of pathogens and indicator microorganisms no  60  400 24 000 
Odour logging incl in labour
Operators experience/observations during trial - recorded incl in labour

Health of transport and site staff - medicals no  6  100  600 
Allowance for monitoring management as not incl in 
other items

Totals 12 300 75 590 59 596 1 120 

Total for two year trial 12 300 151 180 119 192 1 120 
Total for Monitoring 283 792 

B6(b) -Monitoring
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Composting Toilet Demonstration Reuse Trial, Transportation and System Maintenance - Feasibility Stage
Table B6(c): Cost Estimates for Transport & Compost System Maintenance

Item Description Unit No. Unit cost Captial O & M Operator Operator Operator
Decommission 

Resale (-ve)
$ $ p.a hrs p.a $/hr $ p.a $

Transport

Truck set up LS  1 25 000 25 000 1 250 
Demountable 'hook lift' tray no  1 
Dedicated hoses, couplings and lockable hose trays no  2 
7000L Liquid Tank with split for two contained holding areas no  1 
Vacuum pump no  1 
Rota-loo type carousels to house bins for travel no  4 

Routine visits  40  100 4 000 nil
Truck with hydraulic hoist incl 
Liquid and solid waste removal incl 
Transportation incl 
Off loading incl 
Cleaning incl 
Travel to and from sites incl 
Operator incl 

Maintenance

Maintenance Contract
Maintenance person  96  100 9 600 
Miscellaneous, bin replacement, cleaning equip. admin, biofilter, 
ventilation etc 1 500 

Totals 25 000 2 750 13 600  0 

Total for two year trial 25 000 5 500 27 200  0 

Total for Transport & Maintenance 57 700 

B6(c) -Transport & Maint
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Composting Toilet Demonstration Reuse Trial, Transportation and System Maintenance - Feasibility Stage
Table B6(d)
Summary of Costs for Reuse Trial & Monitoring, Transport and Maintenance

Items Description Capital 
one off

O&M 
annual

Labour 
annual

Decommission 
Resale (-ve)       

one off

A Trial Machinery and tools 43 500 3 400 1 500 -20 000 33 300 
Infrastructure 117 450  500  0 -6 334 112 117 
Amenities 14 900  580  0 -5 490 10 570 
Reuse trials  0 7 725 20 800 2 000 59 050 215 037 

B Monitoring GW Sampling 8 800 12 075  0 1 120 34 070 
Soil sampling 3 500 16 915 5 140  0 47 610 
Crop monitoring  0 46 600 54 456  0 202 112 283 792 

C Transport & Transport 25 000 1 250 4 000  0 35 500 
Maintenance Compost System Maintenance 

(at the apartments)
 0 1 500 9 600  0 22 200 57 700 

Contingency and Engineering (allow 30%) 166 959 

Grand Totals 213 150 90 545 95 496 -28 704 723 487 

Total                
end of 2 year trial

B6(d) - TOTALS
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Composting Toilet Demonstration Reduced Cost Reuse Trial - Feasibility Stage
Table B7: Revised Cost for Reuse Trial

Items Description capital cost operation cost allowance for 
maintenance cost 

(incl 
decomissioning & 

resale (-ve))

Total

Machinery & Tools Tractor, plough, grass mower, front end loader, urine spreader + 
pump, tractor mounted weed spraying unit & hand cultivation tools

40 000 incl below -15 000 25 000 

Infrastructure & Services Site setout, power supply, temporary rainwater tank & collection, 
cleaning facilities, security fence and gates, building + sheds, liquid 
storagecompost storage & signage

75 000 2 000 nil 77 000 

Amenities Land lease, fridge, freezer, sink, scales, computer, mobile phone etc. 20 000 incl below -3 500 16 500 

Agricultural Reuse Trials 
operation

Site surface preparation, planting and cultivation, site management, 
seeds, signs, stakes, pesticides and herbicides, fertiliser for control 
crops, fuel, PPE and cleaners

as above 30 000 2 000 32 000 

Groundwater Sampling Bore installation & development, purging, sampling & analysis, 
decommissiong.

8 000 10 000 1 500 19 500 

Soil Sampling Equipment hire and purchase, sampling & analysis, recording data. 2 000 18 000 20 000 

Crop monitoring Planning, technician, scientist, sampling, analysis, recording data, 
monitoring mgt, medicals

20 000 70 000 90 000 

Reporting Interim and at conlcusion of trial 20 000 20 000 

Totals 165 000 150 000 -15 000 300 000 

B7 - Revised Cost Trial
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Appendix C 

Design Development 

 
Preliminary Architectural Plans: 
 Site Plan, Townhouses 
 Townhouse First Floor 
 Townhouse Ground Floor 
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Appendix D 

Reuse Trial Development 

 
Development Ideas for an Agricultural Reuse Trial Design 
 
Figure D.1 Reuse Trial Site Layout 
 
Table D1  Calculations of Loads to Reuse Site 
Table D2  Estimation of Areas for Nutrient Utilisation Trials  
Table D3  Nutrients for the Proposed Trial Plots 
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Development Ideas for an Agricultural Reuse Trial Design  

Trial Site Plan 

Figure D.1 shows a preliminary layout for the trial site based on having several grain and vegetable crop 
areas with appropriate control plots.  In all an area of around two hectares will suffice for the expected 
loads after allowing for access tracks and the service/storage area. 

Figure D.1 shows a preliminary layout design for the trial site. 

 

Figure D.1 Composting Toilet Demonstration Project Reuse Trial Site Layout 
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Matching Available Nutrients to Crop Demand 

Tables D.1 and D2 set out the available nutrients in the urine, leachate and compost streams from the 
development based on the loads from 12 residential units estimated in Section 4.3, the likely nutrient 
uptake rates for N, P and K for a variety of crops and hence the area of crop that could be sustained on a 
trial agricultural area.  The estimated urine and leachate loads assume that only 60% of the urine is 
collected as clean urine which is in line with experience in Stockholm.  The leachate estimate is an upper 
estimate as much of the load in the leachate would in fact remain in the compost, increasing its mass 
from the estimates given.   

It can be seen that the estimated quantity of material produced could be sufficient to meet the demands 
of several hectares of pasture or around one hectare of grain.  It would only be sufficient for a fraction of 
a hectare of more intensively cultivated high-yielding crops such as vegetables. 

Consideration of Trial Crops 

The focus of the project is sustainability and pasture for animal grazing is not seen as a preferred use.  
The preferred agricultural trial will cover grain and possibly market vegetables.  The following notional 
trial crops are considered: 

barley  

corn 

cabbage  

lettuce 

broccoli  

carrots 

potatoes.   

These are suggested to be representative of staple root and leafy vegetable crops and two grain types 

Tables D.2 and D.3 indicate the proposed areas to be planted, estimated nutrient requirements and 
approximate irrigation water requirements for each crop for the purposes of a preliminary design of the 
trial plot.  There will be replicates of crop trials for statistical purposes within these total areas.  In addition 
there will be control crops in addition to these areas. 
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Faecal+  
Paper

Urine Faecal + 
Paper

Urine Faecal + 
Paper

Urine Total Compost Clean Urine 
(assume 60%)

Leachate* Total

Total Nitrogen 32 270 10% 10% 29 243 272 21 53 25 99
Total Phosphorus 14 27 0% 0% 14 27 41 6 5.9 2.8 15
Potasium 19 41 0% 0% 19 41 59 9 8.9 4.1 22
Organic Carbon 567 81 25% 5% 425 77 502 159 17 8 183
Total Salts 0.8 7.3 0% 2% 0.8 7 8 1 1.6 0.7 2.9
Calcium 30 5.4 0% 0% 30 5 35 11 1.2 0.6 13
Magnesium 4.1 162 0% 0% 4.1 162 166 9 35 17 61
Sodium" 3.2 29 0% 0% 3.2 29 32 2 6.4 3.0 12
Total Solids 1 457 19 30% 2% 1 020  19 1 038 373 4.1 1.9 379
Water 3 888 32 400 90% 2%  389 31 752 32 141 281 6 954 3 245 10 480

" Assumes 10% of the totoal sodium is in faecal matter.

*  Assumes 70% of all urine not collected as clean urine ends up as leachate and 10% ends up in the compost (and 90% of water then evaporates).

Table D.1  Calculation of Loads to Reuse Site

Component Raw g/d Losses % Yearly Loads kg/yrAfter Losses g/d
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Table D.2 Estimation of Areas for Nutrient Utilisation Trials 

Component Annual 
Load 

kg/yr 

Crop type Crop uptake rate

kg/ha.yr 

Area of crop for 
sustainable 
application 

ha 

Total nitrogen 99 Pasture 20 4.97 

  Grain 80 1.24 

  Irrigated Lucern 200 0.50 

  Market Vegetables 1000 0.10 

Total nitrogen 99 Pasture 5 2.96 

  Grain 20 0.74 

  Irrigated Lucern 50 0.00 

  Market Vegetables 100 0.15 

 

Table D.3 Nutrients for the Proposed Trial Plot 

 

Preliminary Design of the Reuse Site 

It is proposed that a site be established within the boundary of Melbourne Water’s Western Treatment 
Plant on good soils of the Werribee Delta.  (This is still subject to negotiations with MWC)  Figure 6.1 

Crop Area Irrigation 
requirement

ha N P K kL/yr
Cabbage 0.01 10 1 0 70
Broccoli 0.01 10 1 0 70
Carrots 0.01 10 1 0 70
Potatoes 0.01 10 1 0 70
Barley 0.3 24 6 0 1 500
Corn 0.3 24 6 0 1 500
Totals 0.64 88 16 0 3 280
Available Nutrients 99 15 22

Nutrient uptake kg/yr
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shows a proposed layout and the inset shows the proposed location.  The site will be prepared by 
undertaking the following works: 

 Levelling, weed eradication and layout and cultivation of trial plots 

 Fencing 

 Construction of a gravel access road 

 Provision of a power supply, potable water supply and irrigation water supply 

 Installation of solid set irrigation equipment and moisture controllers 

 Construction of five groundwater sampling bores 

 Construction of a number of water level piezometers 

 Construction of sheds for equipment storage including storage for the tray truck mounted urine 
collection tank and compost bin system, a series of small covered and bunded compost storage bays, 
leachate and a urine storage tanks, compost bin and tank washing facilities, testing room with a 
refrigerator for samples and amenities for visiting staff. 

The following agricultural equipment will be provided: 

 A small tractor with rotary hoe, slasher, manure spreader and plough attachments 

 A urine spreading tanker and distribution bar 

 Hand cultivation tools and weed spraying equipment 

The following laboratory and office equipment will be provided: 

 A large refrigerator and freezer for storing bulk crop samples and soil samples 

 A laboratory sink 

 Soil sampling auger and sampling equipment 

 Groundwater sampling equipment 

 Desk and filing cabinet 

 Telephone 

 Personal computer for record keeping and data handling (this may be a laptop and removed when 
the site is not attended) 

 Sundry crop sample preparation equipment 

 Top loading electronic scales (laboratory type approx 500 g capacity) 

 Sundry plastic ware, measuring cylinders etc 

 Scales for weighing compost bins (75 kg capacity) 

Preliminary costings for establishment and operation of this conceptual trial site are included in Appendix 
B, Tables B6(a) to B6(d). 

Operation of the Trial Site 

The developer is currently holding preliminary planning discussions with Council expected to be finalised 
by mid 2004, with detailed design and planning commencing in late 2004 to mid 2005.  Project 
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construction, estimated to take 12-15 months, is expected to be completed with residents moving in by 
mid 2006.  The reuse trial site will be prepared from mid 2005 to mid 2006, beginning initial operations by 
late 2006 and ceasing mid 2008.  The reuse site is expected to be decommissioned by the end of 2008 
with final project reporting also to be completed at this time. 

It is anticipated that over the trial period that there would be at least two grain crops and at possibly four 
crops of vegetables. 

Monitoring Program 

The proposed monitoring program for the trial site will include monitoring and recording of the following. 

 Compost and urine compositions, volumes and masses delivered to site 

 Application rates to crops, including nutrients and water for both control crops and crops using 
compost and urine with appropriate replicate trials 

 Crop yield and quality 

 Presence ate of pathogens and indicator microorganisms and fate of spiked pathogens 

 Changes in soil quality 

 Impact on groundwater 

 Odour 

 Health of transport and trial site staff. 

 Sundry notes on experiences relating to handling of compost, storage and spreading of urine, 
performance of equipment and other observations. 

A detailed cost estimate for the suggested monitoring program based on it starting in 2006 and finishing 
in Autumn 2008 is included in the tables below.  Discussion of the proposed approach to some 
monitoring elements is included below and further discussion and information is contained in Appendix E. 

Surface swabs.  Consideration needs to be given to the controls for these as it is not hard to find faecal 
bacteria on all sorts of surfaces, so swabbing in apartments with these toilets would need to be 
compared with others with normal toilets.  Swabbing around the collection area before and after bins are 
rotated and/or removed at the apartments and similar swabbing of surfaces at the agricultural trial site 
may be worthwhile to assess indicator bacteria levels and the influence of work practices on them.   

Pathogen counts.  Of particular interest are health issues associated with the reuse of compost and 
urine as fertiliser on edible crops.  There is a need for health authorities to be sufficiently informed so that 
they can develop policies and guidelines to protect public health. 

It is doubtful whether testing for pathogens would be very useful, as a negative result may be misleading.  
This is because the expected gastrointestinal infection rate of one case/person.year (this is a generous 
estimate and the actual rate will probably be much less if few young children are present) would at most 
equate to about 27 cases per year.   

From a Melbourne Household Water Filter Study carried out by Dr.  M Sinclair of Monash University for 
Melbourne Water, the percentage of cases where a pathogen may be identified by faecal testing is 25% 
if screening for a large range of pathogens, so perhaps screening would identify around nine cases. 



 

 31/14039/68264     Composting Toilet Demonstration 
Feasibility Study - VOLUME 2  © 2003 State of Victoria.  No part of this document may be reproduced without prior 
permission of the Department of Sustainability and Environement.

However, this figure applies to fresh specimens and in the case of the composting toilet trial faeces 
containing pathogens will be weeks or months old before they can be sampled and will be "diluted" by 
uncontaminated faecal matter.  Possibly there would be significant die-off to yet further limit the detection 
of such pathogens.  Therefore the chance of detecting any pathogen is extremely low.   

While it is reassuring to note that composted faecal matter is unlikely to carry live pathogens by the time 
it is removed from the compost bin, it may be necessary to do some spiking experiments with pathogens 
or indicators, introduce live pathogens specifically for the purpose of assessing die-off and health risks 
during reuse application. 

The presence or effect of pharmaceuticals and/or endocrine disruptors will be extremely difficult to 
assess in such a small study, especially for endocrine disruptors for which measurement and 
assessment methods are not yet well developed or standardised.  Therefore, whilst such testing is 
allowed for in the estimate, further development is necessary before it is actually undertaken. 

Assessment and comparison criteria would need to be developed for comparing the collected data 
against, eg to that of standard manure fertiliser (containing animal excreta with hormones and antibiotics) 
and conventional crop pathogen counts, etc to gauge the level of risk.  Determining what data to collect 
and what risks should be assessed against is an aspect for careful consideration at the more detailed 
project planning level if the demonstration project proceeds.   
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Appendix E 

Health & Chemical Issues and Monitoring 
for the Demonstration Project 
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E1  Health Risks to be Addressed in the Trial 

The potential health risks related to the proposal are as follows: 

 Risk to owners of the apartments and their visitors 

 Risk to maintenance and compost/urine collection personnel 

 Risk to surrounding residents and passers-by 

 Risk to transport workers 

 Risk from a loading or transport spill 

 Risk from unloading 

 Risk to application site workers from storage at the application site 

 Risk to those applying compost, urine and leachate 

 Risk to agricultural workers and researchers contacting compost, urine and leachate at the 
application site 

 Risk to those handling the agricultural products 

 Risk to those consuming the agricultural products 

It is proposed that as part of the trial, a comprehensive health risk assessment be carried out to 
quantify these risks as far as possible.  From this, a proposed code of practice for operation, 
maintenance, transport, application and agricultural product handling would be developed that 
manages risks that are considered to be of concern. 

In order to complete this quantitative risk assessment, base data will be necessary on chemical and 
microbiological risk and also on the less direct risks associated with odour, air quality (eg ammonia) 
and aesthetics/perceptions.  Thus monitoring related to assessment of heath risks will need to 
incorporate records of issues arising, user and worker concerns, microbiological contamination, 
odour, air quality and chemical composition.  Clearly the gathering of sufficient data in all of these 
areas will involve a major program.  The following is an outline of the minimum program considered 
necessary and on which the cost estimates in Appendix B, Tables B6(a) to B6(d) are based. 

E2 Records: 

It is proposed that users be asked, on a voluntary basis, to fill in a log related to use.  A draft of the 
proposed resident log sheet appears at the end of this Appendix. 

There will be related log sheets for the maintenance, transport, application site and research workers 
all of which will include health-related questions. 

E3 Compost, Leachate and Urine Microbiological and Chemical Testing 

With 12 apartments and at most around 27 residents it will not be feasible to do meaningful testing 
on presence of pathogens in compost, urine and leachate.  However some pathogen testing is 
proposed as a check and some spiking of samples with selected attenuated strains is also proposed.  
Thus costing allows for a regular pathogen testing.   

It is proposed that virtually all testing be carried out on samples collected at the agricultural site 
under controlled conditions.  The exceptions may be some periodic swab samples from surfaces 
within and outside the apartments and specialised virology and chemical analyses. 
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Urine, leachate and compost samples will be collected each clearance cycle (nominally three times 
per year for two years.  On each occasion it is proposed that blind duplicates will be submitted to the 
microbiological lab or each type of waste and for chemical samples there will be both blind duplicates 
sent to the primary laboratory and split duplicates of selected samples sent to a secondary 
laboratory. 

Urine samples will be collected from mixed contents of tanks, although limited testing of sediments 
separately from mixed contents will also be taken.  Since the batches will be relatively small, hand 
mixing should be possible before sampling. 

Compost samples would be taken of each compost bin to obtain a spread in data, particularly for 
moisture. 

Table E 1 below sets out the proposed microbiological test parameters on each type of sample.   

 

Table E1  Proposed Microbiological Testing 

Analysis (List A) Compost Urine Leachate 

E.  coli    

Faecal streptococci    

Salmonella spp.    

Somatic coliphages    

Human adenoviruses    

Clostridium perfringens    

Crpytosporidium    

Helminth Ova 
(presence/viability) 

   

 

Chemical testing proposed is detailed in Table E2.  List A tests would be undertaken on all samples.  
List B and C would be added to selected samples to provide additional information (for example bulk 
composite samples of compost just prior to application would be extensively analysed for A, B and 
C).  Note that it is proposed to undertake limited screening for common pharmaceuticals and 
endocrine disruptors  as well as broad screening for possible chemical contaminants. 
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Table E2  Proposed Chemical Testing 

Analysis  Compost Urine Leachate 

List A    

PH    

Total alkalinity    

Ca    

Mg    

Na    

K    

SO4    

Cl-    

TKN    

Oxidised N    

Ammonia N    

Urea    

TP    

Soluble ortho P    

Total Solids    

Total Dissolved Solids    

Moisture    

Volatile Total Solids    

Suspended Solids    

Volatile Suspended Solids    

    

List B    

BOD    

COD    



 

 31/14039/68264     Composting Toilet Demonstration 
Feasibility Study - VOLUME 2  © 2003 State of Victoria.  No part of this document may be reproduced without prior 
permission of the Department of Sustainability and Environement.

Analysis  Compost Urine Leachate 

Metals screen (NEPM)    

    

List C    

TOC    

Semi-volatile chlorinated 
organics screen 

   

Phenols and Cresols    

PAH    

PCB    

TPH    

MAH    

Pharmaceuticals screen    

    

 

 

Analysis (List A) Compost Urine Leachate 

 $/SAMPLE $/SAMPLE $/SAMPLE 

E.  coli 25 18 18 

Faecal streptococci 20 20 20 

Salmonella spp. 120   

Somatic coliphages 40 40 40 

Human adenoviruses (TCID50 + PCR) 500 500 500 

Clostridium perfringens 50 50 50 

Crpytosporidium 600 500 500 

Helminth Ova 120 120 120 
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Smart Water Fund, Composting Toilet Demonstration Project
Compost Testing Log Sheet and Chain of Custody Form
Draft 18-Sep-03
Sampler Name Field Observations
Date Appartment Source Total Mass of 

Bin + Compost 
kg

Bin Mass kg Compost 
Mass kg

Estimated 
Volume L

Bulk Density 
in Bin kg/L

Sample 
Identification

Microbiological 
Sample 
Containers

Chemical 
Sample 
Containers

pH Temp deg C colour/    
appearance

Odour Comments Analysis Requested

Mon-21-Aug-06 7 45 8 37 53 0.85 7-210806 1 300 mL sterile 
glass Jar

3 x 300 mL 
glass jars

7.3 23 brown, friable, 
some worms

musty High in plastics Micro - List A, Chem List A

Sampler Despatched Date Time Signature
Courier Collected Date Time Signature
Lab Reciever Date Time Signature

Jan Smith

Compost Testing Log Sheet
G:\31\14039\WP\Final Report, 27 Nov 03\Appendices\App E - Draft Monitoring Log Sheets.xls
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Smart Water Fund, Composting Toilet Demonstration Project
Apartment Resident Log Sheet
Draft 18-Sep-03
Appartment 7 Contact Person Contact Phone:0000 0000
Week Beginning Maximum 

Number of 
Overnight 
People During 
the Previous 
Week

Maxium 
number of 
People in the 
Appartment 
During the 
Week

Comments Any Odour 
Noted

Comments on Odour Any Operating or 
Maintenance 
Difficulties

Comments on Operation 
or Maintenance

Any Health Issues Other Comments

Sun-21-Aug-05 3 10 1 guest stayed 2 nights, 
party last Thursday

N Did not odour when 
power cut on Tuesday 
last

One guest may have 
had dihorera

A different guest left 
early and was rude 
about our toilet.

Sun-28-Aug-05 0 away on holiday N Fan failed Contractor fixing fan was 
noisy.

Sun-4-Sep-05 2 4 Y Fan was not running for 
2 days.  Bad smell in 
toilet

Fan failed again Different repair person 
said it was now fixed

Both of us had colds

Fred Blogs

Resident Log
G:\31\14039\WP\Final Report, 27 Nov 03\Appendices\App E - Draft Monitoring Log Sheets.xls
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Appendix F 

Marketability Investigation 

Market Survey 
Survey Results & Analysis  
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Questionnaire Introduction 
Bensons Property Group and its Architects and Engineers are keen to provide customers with the choice 
of more potentially ecologically sustainable residential living.  Bensons is interested in constructing 
environmentally responsible dwellings using energy efficient technologies and achieving better than 5-
star energy ratings.  The inclusion of carefully selected building materials and techniques such as solar 
energy harnessing and other cutting edge options is a serious pursuit. 

Bensons is delighted to have been selected to participate in a pioneering research project, funded by the 
Smart Water Fund.  This project aims to assess whether equipping apartments with dry composting 
toilets in place of traditional water flush systems is technically feasible, environmentally beneficial and 
acceptable to the market place.  The research into the technical feasibility and benefits for the 
environment is well under way, and we are now exploring whether the use of dry composting toilets is a 
viable option for future developments. 

It is for this reason that Bensons is seeking feedback from our many valued clients and friends in order to 
assess the public acceptance of this technology in home applications.  In this regard we ask for 
assistance to complete the attached questionnaire and return it in the enclosed addressed envelope.  
Please answer as many questions as you can and we will endeavour to keep you informed of our 
progress.  Please note that you should answer from your current knowledge and thoughts and not be 
concerned if you don’t know all the details about dry composting toilets.  Feel free to add comments as 
you go or at the end. 

Part 1, General Questions 
Please answer the following questions by ticking the appropriate box, or providing comments where 
requested.  The following are questions relating to water & energy saving initiatives. 

Question 
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1. To what degree are you willing to engage water saving activities 
at home?     

  personal action to reduce water use     

 

 investment in water saving devices (taps, shower heads, 
dripper systems, dual flush toilets, front loading washing 
machines etc) 

  
  

 
 investing in capture and use of rainwater for various uses 

(garden to indoor)   
  

 

 investing in capture and reuse of grey water for garden 
watering (grey water is used water from showers, baths & 
washing machines) 

  
  

 
 investing in capture, treatment and reuse of grey water for 

toilet flushing   
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 investing in capture, treatment and reuse of grey water for 

washing clothes   
  

  investing in alternative sanitation, eg dry composting toilet     

2. Would you consider purchasing an apartment with dry 
composting toilets?     

3. Would you consider solar hot water?     

4. Would you consider heat or photo sensitive automatic blinds that 
activate to reduce sun related heat build-up?     

5. 
Would you consider purchasing an apartment that would cost, 
say, $5,000 more if it had above average water and energy 
efficiency? 

  
  

6. If your answered that you are “unlikely to consider” for any of questions 4.  to 7.  could you 
please indicate your reasons? 

 

 

 

 

 

Part 2, Questions about the dry composting toilet system 
This section assesses what you would expect of a dry composting toilet system.  Responses here will 
allow us to address any issues potential users of the system might have by producing an information 
package. 

 Have you ever used a dry composting toilet?(please circle)   Y N 
(Note deep pit toilets in remote areas are not dry composting toilets, however there are some dry 
composting toilets in remote areas.)  

Below is a list of statements related to dry composting toilet systems.  Please respond by ticking the box 
most appropriate to your current view of the statement. 

Statement Strongly 
Agree Agree No 

Opinion Disagree Strongly 
Disagree 

1) 
.

I expect there will be no smell associated 
with a dry composting toilet system. 

     

2) I expect there will be some smell associated 
with a dry composting toilet system. 
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Statement Strongly 
Agree Agree No 

Opinion Disagree Strongly 
Disagree 

3) Dry composting toilets are as hygienic as 
conventional toilet systems. 

     

4) Dry composting toilets require minimal effort 
on the part of the user to function well. 

     

5) Dry composting toilets require significant 
effort on the part of the user to function well. 

     

6) A dry composting toilet will look fairly similar 
to a conventional toilet. 

     

7) A dry composting toilet will disrupt my normal 
routine. 

     

8) I don’t mind my visitors having to use a dry 
composting toilet 

     

9) I am happy to explain the use of a dry 
composting toilet to visitors 

     

10) I am interested to find out more about modern 
dry composting toilets 

     

 

Part 3, Operational Questions 
This section allows you to state your opinion on certain issues relating to use of a dry composting toilet 
system, including any changes to normal habits that might be required.  Please read the information 
provided (plain text) and then respond to the final statement (italics) by ticking the appropriate box. 

Information and Statements 
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1. Dry composting toilets are non-flushing systems, and will require user to regularly clean the bowl 
using small amounts of water and vinegar only. 

  I would be willing to change my usual cleaning habits 
to meet the requirements of the new system. 

     

2. 

In order for some dry composting process to work properly, users may need to add a handful of 
wood shavings (or other similar products) through the toilet bowl.  This aids in breaking up the 
compost mixture and allowing air to circulate through.  It does not require the user to have contact 
with the compost. 

  I would be willing to regularly add wood shavings (or 
similar) to the system, through the toilet bowl. 
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3. The system proposed uses a divided toilet bowl that separates liquid from solid waste.  This helps 
the dry composting process by removing liquid from the dry composting chamber, which assists 
with odour-free dry composting.  It may require some explanation to houseguests.  (The separating 
bowl looks relatively similar to a normal bowl and only requires minimal adjustment to normal 
habits.  They are commonly used in some parts of Scandinavia.) 

  I would feel comfortable explaining the toilet system to 
house guests. 

     

  My household could adapt to using the dry 
composting toilet system. 

     

Compost Bins from dry composting toilets need to be rotated when full.  This does not require 
contact with compost and can be done from outside the apartment. 

4. 

 I would prefer to do this myself rather than have a 
maintenance contractor do it. 

     

The dry composting system requires an education process for usage, cleaning etc to ensure 
effective operation. 

5. 

 My household would be willing (even interested) in 
receiving proper instructions 

     

 

Please indicate who completed the questionnaire (circle any applicable):  
Male    Female Joint effort by 2 or more 

 

Optional Additional information: 
Name:…………………………………………………………………………………………….  … 

Address:…………………………………………………………………………………………… 

Phone: ………………………………………Email ……………………………………………… 

Your Age Group (please circle): <25  25-40  41-65  >65 

Next purchase for (please circle):  Investment Property to Rent Own & Occupy  

Thank you for your time. 
Please add additional comments or questions you may have:  
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31 14039 - Composting Toilet Demonstration
Results of Market Survey - All responses

Part 1 - General Questions
Already do / 
have

Would 
Consider May Consider Unlikely to 

Consider
Total 

responses

1. To what degree are you willing to engage in water saving activities at home?
personal action to reduce water use 44 10 0 0 54
Investment in water saving devices 31 21 2 0 54
Investing in capture and use of rainwater for various uses 5 44 2 3 54
Capture and reuse of grey water for garden watering 5 40 5 4 54
Capture, treatment and reuse of grey water for toilet flushing 0 37 11 5 53
Capture, treatment and reuse of grey water for washing clothes 0 17 17 19 53
Investing in alternative sanitation 1 14 16 11 42

Already do / 
have

Would 
Consider May Consider Unlikely to 

Consider
Total 

responses

2. Would you purchase an apartment with composting toilets? 0 29 15 9 53
3. Would you consider solar hot water? 1 48 4 0 53
4. Consider heat or photo sensitive automatic blinds? 1 44 6 1 52
5. Consider an apartment costing $5,000 more but efficient? 0 39 9 3 51

Part 2 - Questions about the dry composing toilet system

Have you ever used a dry composting toilet? Yes No
Total 

responses
10 41 51

Strongly 
Agree Agree No Opinion Disagree Strongly 

Disagree
Total 

responses

1. No smell associated with a dry composting toilet system 18 14 9 11 1 53
2. Some smell associated with a dry composting toilet system 2 17 9 17 6 51
3. Dry composting toilets are as hygienic as conventional toilets 12 16 20 5 0 53
4. Dry composting toilets require minimal effort from user 8 19 22 3 1 53
5. Dry composting toilets require significant effort from the user 2 5 21 22 3 53
6. A dry composting toilet will look similar to a conventional toilet 6 31 16 0 0 53
7. A dry composting toilet will disrupt my normal routine. 1 3 20 21 8 53
8. I don’t mind my visitors having to use a dry composting toilet 11 24 16 1 1 53
9. Happy to explain the use of a dry composting toilet to visitors 10 28 12 1 2 53
10. I am interested to find out more about composting toilets 15 23 12 3 0 53

Part 3 - Operational Questions

Strongly 
Agree Agree Need more 

Information Disagree Strongly 
Disagree

Total 
responses

1. Willing to change my usual cleaning habits 8 15 22 4 4 53
2. Willing to regularly add wood shavings to system 7 23 13 6 4 53
3a. Would feel comfortable explaining the toilet to guests 8 23 10 10 2 53
3b. Could adapt to using the system 7 24 13 6 3 53
4. Would prefer to rotate compost bins myself 2 8 19 14 9 52
5. Willing to receive proper instructions 6 21 15 6 3 51

Any Comments

Gender Male Female
Total 

responses
29 22 51

Age <25 25-40 41-65 >65
Total 

responses
0 27 22 3 52

Next Property PurchaInvestmen Occupy
Total 

responses
21 17 38

Name & Address SupYes No
Total 

responses
36 18 54

Interested to know more.  Very keen to reduce impact on environment.          Have no real knowledge of composting toilets, so answeres to Part 2 questions are really "don't 
Good to see someone thinking ahead - we only lease this planet from our kids. Got to hand it back one day!
Composting Toilets are the least acceptable option for many people, Have you considered worm farm  treatment systems? With these you could connect garbage disposal units to 
the system.

Would not consider purhcasing apartment with composting toilet b/c not considering purchasing an apartment.
More info on dry composting toilet including maintentance and consumables and also disposal methods
Re: adding woodchips- I would be willing but I am sure my wife would not.
Do not really know how a self-composting toilet works.

Not sure if this type of system would be suitable for rental purposes. May be misused, neglected or even discourage prospective tenants
Would expect some odours, but not offensive          Please Update me - thank you and well done.  I was discussing such subject with Eli last year and am delighted to see 
Bensons can see the commercial benefit or this social action.
Part 1 - Q2. Don't like apartments
Not sure if toilet used was a composting Toilet          Would consider solar hot water if sufficient for total hot water needs          General Comment: The system would have tobe 
developmed to be very user friendly with little or no input from users.  Otherwise it may not be acceptable.  It needs to be 'automated' i believe.

Q1 - wouldn't want to use grey water to wash clothes          Q5 - Probably a cost consideration
In Japan, the toilet is automatically flushed when the had basin is used for washing hands after using the toilet.  There is also a provision for activating another flush of the toilet 
Sounds Revolting! Need to find an automatic, non-visual, non-smelling option.  From what i've read this toilet system sounds archaic.
Don't really know what it is

Wouldn't be sure if heat/photo sensitive blinds would actually work
Don't Know enough about the composting toilet system to answer adequately
Not sure if this type of system would be suitable for rental purposes. May be misused, neglected or even discourage prospective tenants
Some of the above are hard to answer if you have never seen one in action!

I am Colin Martins daughter and now work with Environment Equipment, I am impressed with this questionnaire.  Thank you for sending it out to the general public.  Hopefully one 
day the composting toilet will be the norm, after 30 years of hard work by Colin
Not aware of details for treatment of greywater
Q5 - would be good to back this up with annual estimated savings the water and energy efficiency would save to counteract the extra property purchase expense          Q4 - 
Experience with compost toilets was with some older style models.  Rotating compart

All Results
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31 14039 - Composting Toilet Demonstration
Charts - Selected Questions

Chart 1 : To what degree are you willing to invest in alternative 
sanitation?

May Consider
39%

Unlikely to Consider
26%

Would Consider
33%

Already do / have
2%

Chart 2 : Would you consider purchasing an apartment costing $5000 
more if it had above average water and energy efficiency?

Already do / have
0%

Would Consider
76%

Unlikely to Consider
6%

May Consider
18%

Chart 3 : Would you consider purchasing an apartment with Dry 
Composting Toilets?

May Consider
28%

Unlikely to Consider
17%

Would Consider
55%

Already do / have
0%

Charts 1 - 6
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31 14039 - Composting Toilet Demonstration
Charts - Selected Questions

Chart 4 : Gender of Respondents

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
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31 14039 - Composting Toilet Demonstration
Results for selected questions - Demographic Groups

25-40 Age Group 
Already do / 
have

Would 
Consider May Consider Unlikely to 

Consider
Total 

responses

1. To what degree are you willing to engage in water saving activities at home?
Investing in alternative sanitation 0 16 9 2 27

Already do / 
have

Would 
Consider May Consider Unlikely to 

Consider
Total 

responses

2. Would you purchase an apartment with composting toilets? 0 18 6 2 26
5. Consider an apartment costing $5,000 more but efficient? 0 20 5 1 26

Strongly 
Agree Agree Need more 

Information Disagree Strongly 
Disagree

Total 
responses

3b. Could adapt to using the system 4 13 7 2 1 27

41-65 Age Group 
Already do / 
have

Would 
Consider May Consider Unlikely to 

Consider
Total 

responses

1. To what degree are you willing to engage in water saving activities at home?
Investing in alternative sanitation 1 7 7 6 21

Already do / 
have

Would 
Consider May Consider Unlikely to 

Consider
Total 

responses

2. Would you purchase an apartment with composting toilets? 0 9 8 5 22
5. Consider an apartment costing $5,000 more but efficient? 0 15 4 2 21

Strongly 
Agree Agree Need more 

Information Disagree Strongly 
Disagree

Total 
responses

3b. Could adapt to using the system 3 9 6 2 2 22

>65 Age Group 
Already do / 
have

Would 
Consider May Consider Unlikely to 

Consider
Total 

responses

1. To what degree are you willing to engage in water saving activities at home?
Investing in alternative sanitation 0 1 0 2 3

Already do / 
have

Would 
Consider May Consider Unlikely to 

Consider
Total 

responses

2. Would you purchase an apartment with composting toilets? 0 1 1 1 3
5. Consider an apartment costing $5,000 more but efficient? 0 2 0 0 2

Strongly 
Agree Agree Need more 

Information Disagree Strongly 
Disagree

Total 
responses

3b. Could adapt to using the system 0 1 0 1 0 2

Male - all ages
Already do / 
have

Would 
Consider May Consider Unlikely to 

Consider
Total 

responses

1. To what degree are you willing to engage in water saving activities at home?
Investing in alternative sanitation 0 15 8 6 29

Already do / 
have

Would 
Consider May Consider Unlikely to 

Consider
Total 

responses

2. Would you purchase an apartment with composting toilets? 0 16 8 5 29
5. Consider an apartment costing $5,000 more but efficient? 0 23 4 2 29

Strongly 
Agree Agree Need more 

Information Disagree Strongly 
Disagree

Total 
responses

3b. Could adapt to using the system 4 13 7 3 2 29

Female - all ages
Already do / 
have

Would 
Consider May Consider Unlikely to 

Consider
Total 

responses

1. To what degree are you willing to engage in water saving activities at home?
Investing in alternative sanitation 1 9 8 3 21

Already do / 
have

Would 
Consider May Consider Unlikely to 

Consider
Total 

responses

2. Would you purchase an apartment with composting toilets? 0 12 6 3 21
5. Consider an apartment costing $5,000 more but efficient? 0 14 5 1 20

Strongly 
Agree Agree Need more 

Information Disagree Strongly 
Disagree

Total 
responses

3b. Could adapt to using the system 3 10 6 2 1 22



31 14039 - Composting Toilet Demonstration
Charts for selected questions - 25-40 year age group Charts for selected questions - 41-65 year age group Charts for selected questions - >65 year age group

Chart A.1 : To what degree are you willing to invest in alternative 
sanitation?
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Chart A.2: Would you consider purchasing an apartment costing 
$5000 more if it had above average water and energy efficiency?
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Chart A.3 : Would you consider purchasing an apartment with Dry 
Composting Toilets?
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Chart B.1 : To what degree are you willing to invest in alternative 
sanitation?
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Chart B.3 : Would you consider purchasing an apartment with Dry 
Composting Toilets?
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Chart C.1 : To what degree are you willing to invest in alternative 
sanitation?
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Chart C.2: Would you consider purchasing an apartment costing 
$5000 more if it had above average water and energy efficiency?

May Consider
0%

Unlikely to Consider
0%

Would Consider
100%

Already do / have
0%
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31 14039 - Composting Toilet Demonstration
Charts for selected questions - Male Respondents Charts for selected questions - Female Respondents

Chart D.1 : To what degree are you willing to invest in alternative 
sanitation?
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Chart D.2: Would you consider purchasing an apartment costing 
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Chart E.1 : To what degree are you willing to invest in alternative 
sanitation?
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Appendix G 

Site Inspection Notes 

 

CERES Community Environmental Park 
CSU Thurgoona Campus 
Trentham (private installation) 
 



 
 

Notes from visit to CERES – 14 August 2003, 9-10 am 
GHD Staff: Jonathan Crockett, Sarah Oliver and Clair Millar 

CERES Staff: Keith Jesse, Joe Hurley 

 

Visited CERES to inspect their composting toilet installations and discuss generally the use of composting 
toilets and obtain/share any useful information. 

Composting Toilets 

 Are using a continuous system, based on the clivus multrum type, but designed and modified by CERES 
staff (shorter horizontally, and taller than clivus multrum units): 

– Are using no heating, worm farm-type composting (Plate 1); 

– Do have a rotaloo, but not regularly in use; 

 Have two composting units, with two pedestals each (two male, two female) (Plate 3): 

– Minor odours in basement room where composting units are accessed, even when leachate 
collection system was opened  (Plate 2) no major offensive odours; 

– Maintained by cleaning staff at CERES; 

 Male toilets have waterless urinals (Plate 5) – liquid does not go into composting unit: 

– Composting unit for male toilets working very well, negligible odours; 

– High numbers of worms (Plate 1); 

– System takes torn up toilet roll cores, general rubbish put in by schoolchildren, occasionally a whole 
toilet roll dropped in, etc…. 

– Only need to remove a bucket of finished compost every couple of months; 

 Female toilets have not been urine separating – several months ago installed a source-separation 
pedestal (provided by Buzz of EnviroEquip) (Plate 4): 

– Due to inclusion of liquid in the system, not composting well, few worms, essentially anaerobic 
conditions, odourous.  Hope that with time the effect of separating urine at the bowl and diverting 
away from the composting unit will have an effect; 

– Keith indicated that the separating bowl was not working particularly well, especially with the high 
numbers of children and elderly or disabled people using the facility, but that it may be fine in a 
household environment; 

 Toilets service all visitors to the centre, including school and community groups, probably average about 
50 uses per unit per day (approx 25 uses per pedestal); 

 

 Leachate is pumped to wetlands.  Compost is used around the site; 

 

 No odour was noted in the toilet rooms or around the buildings. 

 



 
 

 
Plate 1 : Composting unit for male toilets. Note worms. 

 
Plate 2 : Leachate collection system, services both units.  Female composting unit is to left, constantly dripping. 

 



 
 

 
Plate 3 : Basement storage/access room.  Female toilet composter on left, male on right with leachate pump well in between. 

 

 

  

 



 
 

 
Plate 4: Female toilets – separated bowl 

 

 

 



 
 

 
Plate 5 : Male Toilets, pedestal on right, waterless urinal on left. 

 

 



 
 
 

Notes from visit to CSU Thurgoona 
GHD Staff: Jonathan Crockett 

CSU Staff: Marci Webster-Mannison, Doug Royal, Darryl McDonald 

 

The project leader visited the Thurgoona Campus of Charles Sturt University to inspect the composting toilets 
installed there on 19 September, 2003.  Discussions were held with the architect and two of the maintenance 
staff.  Contact details are included at the end of these notes. 

 

Plate 1:  Doug Royal, Darryl McDonald and Marci Webster-Mannison in the Cafeteria/Function Centre.  The 
ceiling included chilled beams.  Composting toilets are off to the left. 

This site is an excellent example of effective composting toilet application as well as a site demonstrating a 
range of energy efficient building heating and ventilation systems. 

Planning for the campus started in the mid 1990s and because there was no sewer available, there was an 
incentive to install an alternative sanitation system.  Composting toilets, some waterless urinals and gravel 
wetland systems for grey water and compost toilet leachate and urine were selected and some of the systems 
have now been in operation for around 4 years. 

The campus includes residential units for 47 students plus offices and lecture theatres and a cafeteria and 
function centre.  The peak population on site is around 350 during the day.  A total of around 4 m3 of compost 
has so far been removed from composters that have been in operation for up to 4 years (after the first 18 
months).  Most of the chambers are getting close to requiring removal again.  No measurement of leachate 
volume is available but the maintenance staff estimated the quantity was only a few litres per day from each 
composter.  Calculations of expected quantities of compost suggest that a volume of finished compost per 
year from this population is likely to be in the vicinity of around 4 to 9 cubic metres per year excluding the 



 
 
 

volume occupied by un-degraded wood shavings.  This is in the same order of magnitude of the quantity 
removed and accumulated so far.  The maintenance staff noted that during winter there is limited reduction in 
volume but from November to April there is a significant reduction in volume. 

There are 25 composting chambers serving a total of 47 pedestals, all of the non-urine separating type.  There 
are also a few waterless urinals in men’s toilets connected to the grey water system.   Plate 2 shows the 
building that has composting toilets on both the ground and first floor.  Plate 3 shows one of the composters 
beneath this building. 

 

 

Plate 2:  View of a building with composting toilets in the ground and second floor.  The smaller vent on the left 
is from the composting toilets.  The access to the composters is behind the ramp.   



 
 
 

 

Plate 3:  Largest of the composters with four pedestals (black tubes).  Note that the air vent had to be 
upgraded from 100 mm to 150 mm with a larger fan because of odour inside the building. 

All composters are made in Australia to the Clivus Multrum design (Plate 4).  Several different sizes are in 
operation.  They are fabricated from high density polyethylene and comprise a sloping-floored chamber, a top 
inspection opening and a bottom compost removal opening and leachate drain.  Plate 5 shows the bottom 
compost removal opening and leachate drain. 

 

Plate 4:  Australian-made Clivus Multrum system is used.   



 
 
 

 

Plate 4:  Bottom compost access showing baffle around leachate outlet.  The operators advised this baffle 
should come up to the lip of the compost chamber as compost can reach the top after heavy use.  Not the 
significant quantity of wood shavings added. 

This earlier installation has the composters on the south side and access arrangements are still temporary 
(Plate 6).  Note that the access spaces with stairs or ladders have been catergorised by local OHS inspectors 
as confined spaces requiring two trained people for access.  The maintenance staff consider this was an 
incorrect classification but the latest installation has addressed the issue by providing an access ramp (Plate 7). 



 
 
 

 

Plate 6:  Temporary cover over access to composters on the south wall.  Note the confined space sign. 

 

 



 
 
 

 

Plate 7:  The newest installation has a ramp for access to the composter space. 

 

Most of the installations have multiple composters (up to three) in one basement space (Plate 8).   

Ventilation is by means of either 12V (computer type fans) or 4 amp 240 volt fans for the larger, 4-pedestal, 
installations.  These larger installations were installed with 100 mm vents and 12V fans but odour was 
released within the buildings so larger, 150 mm vents and the more powerful 240 V fans were installed 
together with rotary (turbine type) wind cowls which have been found useful as it is possible to note a fan 
failure by a cowl not spinning. 

Plate 9 shows a north-facing installation for one of two blocks of external toilets.  The maintenance staff were 
of the opinion that this was the best installation as it had the lowest risk for internal odours.  Internal odours 
have only been noted when either users leave the seat cover up or when a fan fails.  The fans run 24 hours 
per day and are regarded as the key means of preventing internal odour.  One toilet that was inspected had 
been left with the seat cover up and a musty odour was noted in and just outside the room. 

No odour whatsoever was noted in the rooms where the covers were down on entry and the architect and 
maintenance staff stated that most users comment on the absence of odour within the toilet rooms, and 
observation backed up but the project leader and the project leader’s wife who used one of the toilets. 

The maintenance staff said that there has only been one instance of odour being noted external to the 
building.  This occurred on a windy day.  



 
 
 

 

Plate 8:  Typical Installation.  Note rake for raking the top of the compost (this is done weekly) and the 38 mm 
leachate outlets.  Note storage of wood-shavings. 

 



 
 
 

 

Plate 9:  North facing access to composters in a separated toilet block.  The operators considered this was the 
best arrangement. 

Users have not been provided with more than rudimentary instruction including a single page of instructions, 
but signs are placed in all toilets advising on what to do and not do.  Plates 10 and 11 show typical signs.  The 
maintenance staff report that there is never any problem with sanitary items or other waste being deposited in 
the toilets. 

Maintenance involves the following activities and observations made by the project leader and maintenance 
staff are also noted: 

 Daily cleaning  of the pedestal and room by the cleaning contractor.  The toilets were all extremely clean 
with not marks on pedestal bowls. 

 Addition of a cup of wood shavings by users when defecating.  Some people add shavings after urinating. 

 Wiping the top m of the black polyethylene chute weekly with a sponge dipped in warm water.  This is done 
by the maintenance person using rubber gloves and its purpose is to remove faecal matter on the surface 
which may be aesthetically objectionable.  Plate 12 shows the appearance looking down a chute.  Paper 
can be seen at the bottom of the chute and some deposits can also be seen on the walls of the chute.  The 
flash exaggerates the former but masks the latter.  In the bright room lighting in this toilet it was easy to see 
the compost mass and marks on the chute.  This also removes cobwebs. 

 Raking the surface of the compost flat once per week.  Extra raking may be required after parties and 
functions.  One maintenance person also sprays the surface with a hose to wet the paper although this was 
not thought by others to be necessary.  Plate 15 shows the top of a compost chamber before raking flat.  
Note the cobwebs. 



 
 
 

 

Plate 10:  Instructions provided for users on the back of all toilet doors. 

 

 

Plate 11:  Typical installation and signage.  Note wood shaving dispensers. 



 
 
 

 

Plate 12:  Note appearance of top of compost heap beneath and cup for wood shavings.  Cups have been 
removed from most wood shavings containers as they are considered to be a route for cross-infection. 

 

 Removal of cobwebs from the vent pipe every few months.  This is essential to maintain air flow.  Spiders 
are very active because of the large number of small midges that breed within the compost bins.  The 
project leader noted that these midges were similar to if not identical to midges that breed in home compost 
bins.  Plate 13 shows a comparison of the size of the midges noted on site and those in the project leaders 
home compost bin which is only used for kitchen scraps and garden waste.  The midges did not appear to 
bite but are clearly a possible vector for disease transmission. 

 Daily checking that fans are all operating. 

 Replenishing wood shavings. 

 Addition of 1 L per week per composter of  “PVH” from Enviropro of QLd/NSW.  This is a composting 
promoter. 

Removal of compost so far has been achieved either by shovelling out into bags and then taking to the 
disposal area in a wheelbarrow, or when all composters were cleaned out, by use of a suction tanker to 
vacuum out the contents (using a 100 mm hose).  This is considered best done in April as the volume of 
compost has had a maximum chance to reduce by then.  Some compost is left in the chamber both to avoid 
removing un-composted material and to maintain the composting process.  The disposal area is shown in 
Plates 15 and 16. 

Approval for the compost toilets and grey water system for the campus took some time.   The Department of 
Land and Water Conservation, Albury City Council, EPA and the Department of Health all had a role.  There is 
a requirement to cover the compost with 200 to 300 mm of soil although CSU maintenance people would like 



 
 
 

to use it on garden areas.   Some consideration has been given to compressing the compost to reduce the 
volume for disposal. 

No measurements of quantities of compost or leachate have been made but the compost has been sampled 
once for bacteriological analysis.  The results of random sampling of compost removed from the bases of two 
of the Clivus Multrum composters at the campus in February 2000 are set out in the table below. 

Compost sample Total Viable Aerobic 
Count  

(CFU/g, 30ºC/72hrs) 

Coliforms  
(MPN / g) 

E. coli  
(MPN / g) 

Salmonella 

SEIS precinct 900 000 000 >160 000 <2 Not detected/12g 

Lecture theatre 
precinct 

140 000 000 1 100 79 Not detected/25g 

(Source: Page 4, Mitchell, D., Croft, I., Consultant Team & The Johnstone Centre. (2000) Charles Sturt University Thurgoona 

Campus. Water Management System 1999/2000 – data provided by CSU) 

 

 

Plate 13:  Comparison of the size of midges noted at CSU compared to midges in a home compost bin. 

 



 
 
 

 

Plate 14:  Top of compost heap in a 4-pedestal unit. 

 

 

Plate 15:  Area used for disposal to date. 



 
 
 

 

 

 

 

 

 

 

 

Plate 16:  Scrape, about 0.7 m deep prepared for receiving compost. 

 

Plate 16 shows the waterless urinal installation and Plate 17 shows one set of grey water wetlands that take 
leachate.  The project leader undertook some calculations on the nutrient and BOD loadings likely on the 
wetlands from leachate and concluded BOD loads would be tolerable but unless most leachate is retained 
within the compost and evaporated, nutrient loads may be excessive.  CSU staff advised that water quality 
sampling has indicated very high quality discharge from the wetland and it is likely that with this configuration 
and with fans running continuously, most leachate in fact evaporates and leaves nutrients in the compost.  
This conclusion is consistent with the observations of operators. 

No blowflies have been noted but slater beetles, spiders and midges are common. 

Only two people who have passed through the campus have ever objected to the composting toilets and they 
changed their opinion after use.  Initially they did go the only water flushed toilets on the campus. 



 
 
 

 

 

 

 

 

Plate 16:  Waterless urinals have been installed in the newest building. 

 

 

 



 
 
 

 

Plate 17:  Wetlands receiving leachate and grey water. 

 

Contacts: 

Marci Webster-Mannison 
Director of Design 
Division of University Properties 
Charles Sturt University 
(Now with Bligh Voller Neil, Architects, Brisbane) 

Darryl McDonald 
Operations Manager 
University Properties Division 
Charles Sturt University 
Thurgoona 
Phone  02 6051 9616 
Fax  02 6051 9739 
Email dmcdonald@csu.dedu.au 

 

Douglas Royal 
Janitor 
University Properties Division 
Charles Sturt University 
Thurgoona 
Phone  02 6051 9888 
Fax  02 6051 9737 
Email droyal@csu.dedu.au 



 
 

Visit to a Rota-Loo Installation Owned by Mr and Mrs Bok, Trentham 

The principal author of this report was grateful to Mr and Mrs Bok of Trentham for showing him over their 
7 year old Rota-Loo installation. 

The photograph below shows the installation. 

 

This is the smallest of the Rota-Loo models.  It comprises a pedestal in a small room with a hand basin 
immediately above the composter.  There was no odour in the room and there has never been an internal 
odour problem.  Usage is typically two people with occasional visitors. 

There is no urine separation.  The collected urine is flushed using a small amount of water (using the hose on 
the left) to the household grey water septic tank system. 

The climate at Trentham is cold in winter and the location of the composter is such that there is limited 
opportunity for passive solar heating.  For this reason the owner removes full compost chambers (one bin 
takes about 2 months to fill although the owner said that because of the weight he tends to not let them fill too 
much) and places them in a separate building which does get some passive solar heating to enhance the 
composting process.  There are 6 bins on the carousel so the cycle of bins lasts one year. 

Midges were a problem until the inlet vent on the right of the compost chamber and the discharge were 
covered with a stretched nylon stocking.  This has also greatly reduced the number of spiders and the quantity 
of cobwebs that have to be removed. 



 
 

The owner has noted odour from the vent when on the roof and this odour has also been noted on still days at 
ground level.  However, this is a rare event.  Compost is buried on site, it is not used specifically on the garden 
area. 

The ventilation fan draws 5 W and is a 24 volt fan powered from the house solar-voltaic battery system.  Whilst 
the fan has been replaced once in the 7 years of operation the old fan still works and is kept as a spare.  The 
noise of the fan could be heard in the toilet room but was not significant. 
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