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EXECUTIVE SUMMARY 
An in depth feasibility evaluation of an innovative waste management 
process proposed by the Waiheke Resources Trust was performed by the 
G4 Consultancy team.  

Using the island of Waiheke as a test bed, the feasibility evaluation was 
carried out by firstly understanding the vision and needs of the key 
stakeholders. This understanding led to the formation of system 
requirements, which were divided into two categories: product and 
process.     

The G4 Consultancy team approached the feasibility evaluation process by 
identifying the main aspects and isolating them into manageable 
milestones, ensuring that everything works towards the common goal of 
evaluating the feasibility of the innovative waste management process.    

Kerbside collection proved to be the most financially sustainable whilst also 
performing the best to minimise both cost to user and user effort. With this 
method, it was calculated that approximately 428 tonnes of usable waste 
can collection as input material on Waiheke Island.   

It was concluded that second hand machinery/equipment will be utilised as 
they are up to 90% cheaper. The prototype analysis highlighted the 
strengths and weaknesses of the waste composite material. Along with 
legal and ethical limitations, this led to a range of suitable applications.   

Based on all the findings, a business model was produced. Perhaps due to 
conservative assumptions, this model was evaluated to be financially 
unstable, with the G4 Consultancy team advising against investing in the 
business model as it stands. However, after analysis of the risks, G4 
Consultancy has identified a range of possible opportunities which may 
ultimately make the innovative waste management process feasible.  
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1.0 BACKGROUND 

Owned and operated by Waiheke Resources Trust (WRT), Clean Stream Waiheke Ltd has identified that there is 
a lot of ‘good’ waste being sent straight to landfills at unsustainable rates. Since 2008, the Waiheke Resources 
Trust has been working on an innovative waste management process in pursuit of a sustainable community. This 
innovative process ultilises approximately 40% of waste that would otherwise be landfill bound. After collection 
and some pre-sorting, the waste material is put through a process where it is converted into valuable waste 
composites. These waste composites are extremely strong and have a wide variety of possible applications in a 
range of different markets. 

Although the technical feasibility has been recognised, there were still a number of issues that were required to be 
resolved before a commercial process was able to be established. The Waiheke Resources Trust has 
approached G4 Consultancy to carry out a feasibility analysis of the proposed innovative waste management 
process.  

 

2.0 PROBLEM DESCRIPTION  
The main idea behind the innovative waste management process is to reduce landfill bound waste and in the 
process of doing so, converting something of little to no value into an extremely useful and valuable product. The 
technical feasibility behind this process has been evaluated and established.  

The innovative waste management process has been developed with the concept of isolated communities in 
mind. The technology required is to be enclosed within a normal 20 ft. shipping container, making it transportable 
to these isolated communities. This has already been proven feasible. Waiheke Island is a prime example of such 
an isolated community and therefore, will be used as a test bed throughout the feasibility evaluation process.   

The fundamental problem yet to be evaluated is, in essence, how the proposed waste management process can 
be made to synergise within the current physical system of the isolated community and its waste stream. This 
involves a number of issues that must be resolved before the commercial process of the operation may be 
established. These issues include analysing: 

• The system requirements and specifications of such a commercial process. 
• The stakeholders involved/affected by the project and their individual expectations. 
• The financials and determining its feasibility. 
• The complete waste management process. 
• The demographics of the isolated community and various collection methods to suit.  
• The range of machineries suitable for the process. 
• The prototype of the waste composite, and determination a range of suitable applications. 

It is of utmost interest for the Waiheke Resources Trust to find the amount of waste needed for the proposed 
process in order for it to become a feasible solution and whether this amount is achievable within an isolated 
community such as Waiheke.  
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3.0 EVALUATION PROCESS 

With such an extensive task at hand, G4 Consultancy approached the feasibility evaluation process by firstly 
identifying the main aspects of project and isolating them into manageable milestones. This was carried out 
extremely carefully to ensure that everything works towards the common goal of evaluating the feasibility of the 
innovative waste management process.    

The feasibility evaluation of the innovative waste management process was approached by considering Waiheke 
Island as the test bed. System requirements were developed through understanding the vision and needs of the 
key project stakeholders, including the Waiheke Resources Trust. The Waiheke community is also one of these 
key stakeholders and therefore, their cooperation and providing a product which meets their needs are factors 
upon which the success of the proposed system hinges. The G4 Consultancy team visited Waiheke Island on the 
2nd of April 2013 to better understand the community.  

  

 

 

 
 

The system requirements developed are divided into two categories: product and process requirements. These 
requirements will be used as key performance indicators when evaluating options to make the proposed system 
feasible on Waiheke Island.  

PRODUCT requirements 

The product must: 
1. Have commercial appeal. 
2. Have a useful application within the Waiheke community. 
3. Be accessible to the Waiheke Community; residents and community. 
4. Be priced competitively and be affordable to the general Waiheke population. 
5. Meet the relevant legal standards of product quality and health and safety.  
6. Require little to no maintenance. 

PROCESS requirements 

The process must: 
1. Be financially sustainable: break-even in the foreseeable future, requiring no on-going investment. 
2. Be satisfied by the volume of waste produced within a single community system such as Waiheke.  
3. Operate reliably with the machinery available and variation in waste composition. 
4. Be able to be operated by a person with only on-job training (i.e. not an expert).  
5. Significantly reduce the volume of landfill bound waste. 
6. Incur no extra expenses on users of the waste system (residents, businesses). 
7. Require minimal time/effort on the part of these users. 
8. Have no significant negative impacts on the environment. 

Figure 1: Photographs of the Waiheke community 
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4.0 STAKEHOLDER ANALYSIS 

This project involves a wide range of stakeholders. These stakeholders hold differing views and therefore, there is 
a need for tradeoff and management to meet the stakeholder requirements. As tradeoffs are made and options 
considered, the desires of the WRT and the Waiheke community, as the key stakeholders, will be considered first.  

It has been identified that governmental departments such as Occupational Health & Safety (OSH) and Auckland 
City Council (ACC) act as regulators, thus the requirements of these stakeholders must be met.  Some of the 
stakeholders that opposed to the project could be persuaded otherwise, provided that their needs are met. A 
summary of the project stakeholders are shown below.   

 

 

 

 

 

 

 

 

Each of these stakeholders will be affected by the system requirements in some form. To better understand which 
stakeholders are affected by each of the requirements, a summary table has been used as shown below.    

PRODUCT Requirements Relevant Stakeholders 
1. Have commercial appeal Waiheke residents, tourism, WRT 
2. Have a useful application within the Waiheke community Waiheke residents, house owners etc. 

3. Be accessible to the Waiheke Community; residents and community Waiheke residents, WRT 

4. Be priced competitively and be affordable to the general Waiheke population 
Waiheke residents, local businesses, 

community groups 

5. Meet the relevant legal standards of product quality and health and safety 
Governmental depts: OSH & ACC, 

residents, businesses  
6. Require little to no maintenance Waiheke residents, community groups 

PROCESS Requirements Relevant Stakeholders 
1. Be financially sustainable: break-even in the foreseeable future, no on-going investment WRT, Clean Stream Waiheke Ltd, ACC  
2. Be satisfied by the volume of waste produced within a single community system  WRT, ACC, community, residents 
3. Operate reliably with the machinery available and variation in waste composition WRT, Clean Stream Waiheke Ltd 
4. Be able to be operated by a person with only on-job training (i.e. not an expert) Potential employees, WRT, ACC etc. 

5. Significantly reduce the volume of landfill bound waste 
WRT, ACC, tourism, sustainability 

conscious residents 

6. Incur no extra expenses on users of the waste system (residents, businesses) 
House owners, business owners, 

community groups 

7. Require minimal time/effort on the part of these users 
House owners, business owners, 

community groups 
8. Have no significant negative impacts on the environment Community groups, ACC, WRT 
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5.0 PROCESS MAP 
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Figure 2: Map of Waiheke Island 

6.0 COLLECTION - DEMOGRAPHICS 
As the island of Waiheke was considered as the test bed for this feasibility study, it was critical to understand the 
dynamics of this ‘isolated community’. Waiheke Island is New Zealand’s most densely populated island, and the 
third most populated after the North and South Island [1]. Upon closer inspection, it was observed that Waiheke’s 
population is concentrated on the western side of the island. Therefore, a fair assumption was                                                                                                                                                                                                                           
to assume that most of the waste would be produced on the western side.  

Using satellite technology, the 
island was more closely 
inspected. It was identified 
that Oneroa, Palm Beach 
and Surfdale are the three 
most populated districts, and 
that Ostend is the industrial 
area, of Waiheke.   
 

 

 

6.1 WASTE CREATED IN WAIHEKE   
The innovative waste management process developed has one input – waste from the isolated community. 
Therefore, determination of the amount of usable waste created within the island of Waiheke was essential to 
evaluate the overall feasibility of the process. Two different methods were implemented to determine the amount 
of waste created within Waiheke on an annual basis. The first was an engineered calculation through population 
ratios and the overall waste disposed by New Zealand using the latest statistics. The second was by utilising data 
from an audit carried out in 2008 in Waiheke itself.      

Method 1 – Population ratio 
Through the use of population statistics and 
national waste data from the Ministry for the 
Environment, it is possible to estimate the 
amount of waste produced by the Waiheke 
community annually.  

As of the year 2012, the total population of 
Waiheke is about 8,730 [1], while the population 
of New Zealand is about 4,465,742 [2]. From 
the latest environmental report card, New 
Zealand disposed of an estimated 3.156 million 
tonnes of waste to landfills in one year [3]. The 
waste composition attached to this report card 
indicates that approximately 40% of the total 
waste can be used for the proposed waste 
management process. Therefore, it is estimated 
using this method that around 2,450 tonnes of 
usable waste will be available each year from 
the Waiheke community.         Figure 3: Waste composition for New Zealand, 2007-2008 [3] 
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Method 2 – 2008 Audit 
An audit of Waiheke Island’s domestic waste in 2008, with collection dates between 24/11/2008 – 27/11/2008 
using a kerbside collection method.    

The results showed that, on average, each household produced 6.38 kg of waste in one week. The waste 
composition also indicated that about 40% can be used for the proposed waste management process. From the 
latest census data, there were 3229 households on Waiheke Island. Therefore, it is estimated using this method 
that around 428 tonnes of usable waste will be available each year from the Waiheke community.       

6.2 COLLECTION - DEMOGRAPHICS SUMMARY 
The island of Waiheke is a very popular tourist and holiday destination, making its population quite irregular. In 
summer, the population increases by approximately 3,400 [1] due to people with holiday homes etc. Waiheke 
Island also plays host to many popular events such as ‘Sculpture on the Gulf’ [4], again contributing to fluctuations 
in waste disposed on the island.  

Method 2 does not include waste data from businesses, both commercial and industrial. The data was also taken 
from 1 of 52 weeks, potentially neglecting seasonal fluctuations. Accounting for these two factors, it is estimated 
that the figures produced by method 1 and 2 should be close to each other.  

The determination of the overall usable waste created within the island of Waiheke is one of the essential factors 
to evaluate the overall feasibility of the process. It is always better to err on the safe side for any feasibility study, 
and therefore, for the purpose of calculations and further projections, the worst case calculated using method 2 
would be considered usable for manufacture. This is essentially also a safety factor, accounting for any 
unidentified restrictions. Therefore, it is estimated that there will be 428 tonnes of usable waste created on 
Waiheke on an annual basis.    

7.0 COLLECTION – METHODOLOGY  
The main objective of the collection scheme is to provide the necessary supply chain for the production of the 
waste composites. With the demographics and dynamics of Waiheke Island analysed, three initial collection 
schemes were conceptualised. These collection schemes were unique; each includes their own significant 
features and decision variables. A hybrid concept was then produced, combining some of the better features from 
the initial concepts. These four concepts collections schemes were then evaluated against the process 
requirements, utilising them as key performance indicators. This ultimately led to a recommendation for the 
Waiheke Resources Trust.        

7.1 COLLECTION SCHEMES   
After taking into consideration various aspects of the collection process, three initial collection schemes were 
conceptualised. A further hybrid design was then introduced, combining several of the better features from the 
initial concepts along with some additional ideas. These schemes have been simplified for the purpose of initial 
investigation. It is believed that the outcome of the evaluation will not be affected by this simplification as the 
schemes are weighted against each other. The collection schemes are detailed below.    

Collection scheme 1 – Portable Process 
This concept highlights the portability of the waste management process. The 
processing line is fitted within a 20 ft. shipping container and transported to allocated 
transfer stations. These transfer stations have been identified as the most populated 
areas of Waiheke: Oneroa, Palm Beach and Surfdale. Residents around the area 
would then deliver their rubbish to the transfer station to be directly processed. The 
waste composite product would then be stored into a warehouse or sold on site.  
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Collection scheme 2 – Kerbside Collection 
Kerbside collection is the most common type of scheme implemented 
worldwide. This collection scheme utilises a collection truck to service different 
regions (Oneroa, Palm Beach and Surfdale) of Waiheke on a weekly basis, 
eliminating the need for residents to travel away from their homes. This may 
increase motivation, whilst reducing the overall carbon footprint. The waste will 
then be transported back to a processing plant located in the industrial area of 
Ostend to be processed. The waste composite product would then be stored 
or sold on site. 

Collection scheme 3 – Monetary Motivation 
This concept investigates a trade-off scheme where the residents and businesses of 
Waiheke will be paid to sort their own rubbish and deliver it to hubs located around the 
island. It is believed that the monetary incentive will provide the motivation necessary for the 
Waiheke community to participate. Other options such as free rubbish bags and compost 
bins may also be considered.   

Collection scheme 4 – Hybrid Process 
The main idea of this concept is to investigate whether it is beneficial to process the waste off shore, with the 
storage and targeted market still being located in Waiheke. This hybrid scheme gathers the superior features from 
the other three schemes and incorporates them with the necessary compromises. The changes are as follows: 
skips bins have been used as oppose to kerbside collection; using a central collection plant in Ostend as oppose 
to portable transfer stations; and processing off shore rather than on Waiheke.     

7.2 DECISION VARIABLES   
There are two decision variables to be considered: costs and distance. These two decision variables reflect 
upon the process requirements identified with the stakeholder analysis. For further refinement of the conceptual 
designs, these process requirements have been translated to key performance indicators (KPIs). This refinement 
process is significant as the cheapest or shortest distance collection scheme does not necessary correlate to the 
most ideal.  

Costs 
The costs taken into consideration are the running costs. Please note that the initial associated startup costs are 
not included; this ensures flexibility and ease of comparison of each collection scheme.      

The collection expenses comprise largely of transportation, container hire and shipping costs. An in depth 
analysis of this decision variable was crucial as the strongly dictates the overall feasibility of the process. This 
analysis led to an educated estimation of the total costs associated with the collection process which may be 
compared and balanced with the possible profits that the process may yield. The costs for each collection scheme 
are outlined below. Refer to Appendix A – ‘Collection: Total Costs’ for full calculations.     

   

 

  

Collection Scheme 
Estimated Total Costs 

Monthly Annually 
1. Portable Process $12,190 $146,282 
2. Kerbside Collection $9,570 $114,835 
3. Monetary Motivation $14,128 $169,536 
4. Hybrid Process $18,129 $217,547 
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Customer 
Requirements 

Key Performance 
Indicator 1 
Weighting: 8 

Comparative 
Aspect 1 

Score: 3/10 

Comparative 
Aspect 2 

Score: 7/10 

Key Performance 
Indicator 2 
Weighting: 7 

Comparative 
Aspect 3 

Score: 7/10 

Comparative 
Aspect 4 

Score: 9/10 

Distance 
Distance is an important factor which must be taken into consideration as it directly influences the ease of 
transportation and the carbon footprint of the overall waste management process. It was noted that it may be a 
demotivational factor to the residents of Waiheke if they were required to travel far to ulitise the waste disposal 
facilities. 

The distances outlined below neglect the distances that the users may need to travel in order to ulitise the waste 
disposal facilities, i.e. it is only the distance that the collection scheme itself covers.   

 

 

 

 

 

7.3 SUMMARY + EVALUATION OF COLLECTION SCHEMES 
The key performance indictors went through a weighting process, identifying the requirements of most 
importance. Each of these KPIs were then discretised into comparative aspects which were easily measurable. 
For example, one of the aspects was to ‘minimise the running costs’.  

Each of the collection schemes were given a score out of 10 to indicate how well it achieves a certain aspect in 
comparison to the other collection schemes. A score of 10 indicates that the collection scheme has met the 
aspect very well. These are scores are then translated into fractions and summed up under each of the KPIs. The 
final step is then to multiply each KPIs’ total score with its corresponding weighting factor. This formed the basis 
of the evaluation process, visually illustrated in Figure 4.  

 

 

 

 

 

 

 

 

 

 

For the example shown in Figure 4, the calculation for Key Performance Indicator 1 would be as follows: 

Comparative aspect 1 (3/10) + Comparative aspect 2 (7/10) = 10/20 

10/20 × KPI 1 weighting factor (8) = 4 – total score for KPI 1  

Collection Scheme 
Weekly Distance 

Travelled (km) 
1. Portable Process 45 
2. Kerbside Collection 225 
3. Monetary Motivation 0 
4. Hybrid Process 45 

Figure 4: Visual Interpretation of Evaluation process 
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A radar plot, Figure 5, was implemented to evaluate and draw conclusions on the outcomes. Its results suggest 
that overall, the kerbside collection scheme is most feasible out of the options considered. Most importantly, the 
kerbside collection method was evaluated to be the most financially sustainable whilst also performing the best to 
minimise both cost to user and user effort. This is important as the users are really the customers we need to aim 
to satisfy.  

However, this collection scheme performs quite poorly in minimising the environmental impact and ease of 
operation. This is because there will be a collection truck deployed which increases the process’s carbon footprint 
whilst also requiring manual labour to operate the collection truck and processing plant. A full evaluation analysis 
is provided in Appendix A – ‘Collection: Evaluation’.     

 

 

 

 

 

 
 

 

8.0 MACHINERY 
The main novelty of the proposed innovative waste management process is that a useful and valuable product is 
produced out of waste that would otherwise be landfill bound. The product is produced through an extrusion 
process following by injection or compression moulding. The technical feasibility behind this has been evaluated 
and established.     

8.1 PROCESS REQUIREMENTS 
It is expected that there will be a wide variation in the input waste stream from the community, especially during 
the initial stages. The waste will not only vary in hardness and density, but also processability. The variation in 
hardness and density is due to soft material such as plastic bags, coffee cups and film; and also hard material 
such as plastic bottles, food containers etc. Although the Waiheke community is quite educated in terms of waste 
sorting and recycling, mistakes are inevitable. This means that some materials that are difficult to process may be 
present in the waste stream; such materials include metal and glass. How the waste is processed prior to the 
extrusion procedure is largely dependent on these properties, and therefore, it will be ideal to have a production 
line capable of coping with such a wide variation of input materials.  

Figure 5: Radar plot - Analysis of variance to determine potential of each collection scheme 
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The production line will need to be able to manage this large 
variation during the size reduction stage prior to the extrusion 
procedure. The size reduction stage will be separated into two 
streams, each with its own machinery. The first stream will 
consist of an agglomerator to process softer, low density type 
materials such as plastic bags. The second stream will consist 
of a granulator to process harder, high density type materials 
such as plastic bottles. The initial separation is required due to 
the fact that low density materials tend to go unprocessed in 
granulators as they are ‘too light’ and simply sit on top, and high 
density type materials will cause too much wear on the blades 
of the agglomerator.  

It is possible to combine these two processes by incorporating a single shaft shedder into the production line. The 
single shaft shedder will be able to handle both types of materials but at a slower rate and larger price tag.    

Difficult to process material such as metal and glass are also a cause for concern. It has been identified that 
metals will damage the processing line significant whereas glass may simply affect the end product. Therefore, it 
is critical that all metals are prevented from entering into any of the machines. The use of metal detectors at the 
start will ensure this.  

8.2 TECHINCAL REQUIREMENTS 
Another one of the novelties of the proposed innovative waste management process is that it has been developed 
with the concept of isolated communities in mind. The technology required is to be enclosed within a normal 20 ft. 
shipping container, making it transportable to these isolated communities. This has already been proven feasible. 
However, in order for the production line to use non industrial power sources, the power drawn in total must not 
exceed 36 kW or 63 A. Standalone generators are also considered. This makes the processing plant almost fully 
independent with regards to power and therefore, fully mobile. It will also allow more flexibility on the maximum 
power drawn; however, this will add to overall running costs.  

8.3 MACHINERY OPTIONS 
After several consultations with industry expert, Mr. John Sadler, the complete production line of machineries and 
equipment required in order to set up a feasible system was drafted out. The production line included: an 
extruder, tooling, switch board, extractor, air compressor, fork hoist and a conveyor. These can be sourced as 
brand new or second hand.   

New Equipment 
There are many distinct advantages if the machinery/equipment is purchased brand new. Firstly, there will be a 
higher factor of reliability with brand new equipment, together with a warranty and service period. This is important 
for any system as problems may cascade into failure of the entire system. New machinery is also likely to produce 
more consistent products as there will be no existing wear. Furthermore, customised machinery/equipment is 
available, potentially meeting the exact requirements.          

However, there are multiple disadvantages with purchasing brand new. The costs associated with brand new 
machinery and equipment is extremely high. Also, only some of the required machinery/equipment can be 
sourced locally, with majority needing to be imported from overseas; the shipping costs involved will be high. 

 

Figure 6: Agglomerator 
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The following table shows a range of the possible machinery/equipment for the processing line:   

 

Second Hand Equipment 
In contrast to purchasing new machinery/equipment, the option of purchasing second hand seems to be more 
favourable in order to make this waste management process feasible. For starters, the likelihood of sourcing 
second hand machinery/equipment within New Zealand is much greater, significantly decreasing the associated 
transportation costs. The price tags on second hand machinery/equipment are also much lower, approximately  
10 – 20% of the price brand new according to Mr. John Sadler.      

The disadvantages of purchasing used machinery/equipment would be that it is less reliable. There may be 
existing wear from prior use and no warranty periods. The machinery/equipment would also be sold ‘as is’, and 
with no customisable feature/s, further modifications may be required to match the process requirements.  

Miscellaneous Machinery Considerations 
Equipment such as metal detectors should be used to ensure the protection of the production line by alarming if 
there is any metal in the input waste stream.  

8.4 MACHINERY SUMMARY 
It has been strongly advised that initially, all the machinery/equipment required should be purchased second 
hand. This will ensure that startup costs are kept low. Perhaps once the waste management process has been 
incorporated into the community, new machinery/equipment can be custom ordered to better perform some of the 
more critical processes. This will ensure a higher level of synergy between the proposed waste management 
process within the current physical system of the isolated community and its waste stream. 

AGGLOMERATORS 

Brand Model Power  Price (NZD) 
Liangding Machinery [5] GHX-XXX 8 -12 kW $3,000 - $6,500 

Klong [6] Multiple 5 – 15 kW $4,800 - $8,000 
Zhongsu [7] Multiple 9 – 15 kW $3,500 - $11,000 

EXTRUDERS 

Brand Model Power  Price (NZD) 
Orotrim [8] Multiple 37 – 50 kW $26,000 - $55,000 

Zeqi [9] Multiple 22 – 60 kW $23,000 - $90,000 
Xinda [10] Multiple 45 – 60 kW $30,000 - $80,000 

GRANULATORS 

Brand Model Power  Price (NZD) 
ZR – Waste plastics [11] Multiple 8 – 25 kW $4,000 - $ 15,000 

YZJ – Machines [12] Multiple 15 – 32 kW $8,000 - $30,000 
Guoyan Machinery [13] RL-XXX 11 – 20 kW $6,500 - $14,000 

GENERATORS 

Brand Model Power  Price (NZD) 
DEK [14] ST – 20/25 20 kW $14,000 
DEK [14] ST – 60 60 kW  $29,000 

Cummin [15] C40KW 40 kW $20,000 
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9.0 PROTOTYPE ANALYSIS  

A prototype of the waste composite was provided to G4 Consultancy by the Waiheke Resources Trust. Test 
specimens were manufactured using the material provided and a wide range of experiments were conducted 
these specimens.  

The objective was to obtain a better understanding and to evaluate the properties of such a unique type of 
material. By first identifying the strengths and weaknesses of the waste composite, G4 Consultancy was able to 
recommend some possible applications.  

The philosophy behind the conditioning procedure for the experiments was to replicate the end conditions that the 
product will be exposed to in real life. Three elements were identified to be the main causes of potential concern; 
these were seawater, rainwater and soil. The waste composite specimens, along with one pure polyethylene 
specimen, were conditioned in each these elements for a 10 day period prior to testing. There was also a control 
batch, subjected to only the atmosphere. The evaluation procedure compares two waste composite specimens, 
referred to as ‘specimen A and B’, and a pure polyethylene specimen as ‘specimen PE’ for each element.     

9.1 SPECIMEN PREPARATION  
The prototype piece of the waste composite underwent several stages of processing in order to be converted into 
specimens that complied with the American Society for Testing Materials’ (ASTM) worldwide standards [16]. The 
prototype was first cut into smaller pieces and fed into the granulator. The granules were then vacuum dried for 
24 hours prior to injecting moulding at 180°C to create specimens. The full process is shown in Appendix B.  

 

 

 

 

9.2 DENSITY ANALYSIS  
Density is a physical property; it is a measure of the quantity of mass of a substance per unit of volume. A density 
analysis was been carried out on the prototype in order to obtain better comparative means to other materials.  

The mass of the prototype was first obtained using sensitive scales. The volume of the prototype was then 
obtained by submerging it in liquid and calculating the displaced volume. This provided a more accurate value for 
the volume due to the uneven shape of the prototype. These values were then used to obtain the density of the 
waste composite.       

Mass = 1.015 kg 

Volume = 1.005×10-3 m3 

Density = Mass/Volume  

  = 1.015/1.005×10-3  

  = 1010 kg/m3  

Figure 7: Prototype to granules to ASTM compliant specimens 

Figure 8: Method used to obtain density of the prototype. 
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Figure 10: ‘Time to Ignition’ results 

9.3 VERTICAL BURN ANALYSIS 
Flammability analysis is vital due to potential safety implications in the event of a fire. The flammability of any 
material strongly dictates its range of applications. A vertical burn test in accordance with the UL94 standard was 
conducted. Each specimen was ignited for ten seconds. The time taken for ignition and the time taken for to finish 
burning were recorded.  

 

 

 

 

 

 

 

    

The time taken for ignition to occur is one of the main characteristics that define the concept of flammability. The 
longer this time is, the more ‘resistant’ the material is to combustion. The total amount of time that a material 
burns for is also a factor which must be taken into consideration due to its potential as a fuel source for the fire. 
The results are shown in Figure 10 and 11.      

 

 

 

 

 

 

 

 

 
 

 

 

Results from Figure 10 were quite surprising, showing longer times taken for ignition for all of the conditioned 
specimens compared to the control specimen. This is a strong indication that the elements the end product will be 
exposed to actually makes the waste composite more resistant to combustion.     

Figure 9: Vertical Burn experimental setup, UL94 standard 
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Figure 11: ‘Time to Finish Burning’ results 

 

 

 

 

 

 

 

 

 
 

 

Results from Figure 11 show that the conditioning of the specimens has negligible effect on the overall time it took 
for the specimens to finish burning. The times recorded for all the specimens to finish burning were all within five 
seconds of each other.  

9.4 CONCENTRATED SHEAR SCREW PULL ANALYSIS 
The waste composite was seen to have the potential to be used as a replacement to wooden planks in non-critical 
applications. One of the main methods of construction for wooden planks involves the use of screws to build the 
desired product/s. Therefore, it was essential to see how the waste composite performs under the same method 
of construction. 

The method for this analysis was to attach ‘10 × 1.5 Self tapping CSK head’ screws on each end of the 
specimens. Initially, the screw was directly inserted into the specimen. However, this method displayed significant 
deformation, showing signs of yielding around the screw. To prevent this, each end of the specimens were ‘pre-
drilled’, and then the screw was inserted to a halfway point.   

  

    

Figure 12: 10 × 1.5 Self tapping CSK head screws [L] and experimental configuration [R] 
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The methodology for the Concentrated Shear Screw Pull analysis in shown in Figure 13. 

  
 

 

 
 

 

For each test, the specimen was mounted in the test rig vertically as shown in ‘1’. Three kilogram masses were 
then loaded on the bottom screw incrementally four times as shown in ‘2’ to ‘5’, allowing for a 5 minute wait period 
in between each mass.  

No visible deformation was observed even when the maximum total mass of 12 kg had been loaded.      

9.5 TENSILE ANALYSIS 
A tensile test is probably the most fundamental and basic type of mechanical test to perform on a material. It is a 
simple test which can determine many properties of the waste composite. Two important properties which were 
uncovered by this analysis were the ‘Modulus of Elasticity’ and the ‘Ultimate Tensile Strength’ of the waste 
composite. 

The ‘Modulus of Elasticity’ is a measure of the stiffness of the material, giving an indication of the amount of 
stress able to be applied before plastic deformation. The ‘Ultimate Tensile Strength’ is the maximum stress that 
the specimen can withstand during the test.  

The tensile test was carried out using the Instron 4465, located at the University of Auckland’s Centre for 
Advanced Composite Materials, in accordance with the ASTM 3039 – Standard Test Method for Tensile 
properties of Polymer Matrix Composite Materials. The test rig set up is shown in Figure 14.    

 

 

 

  

 

  

             1                             2                            3                            4                             5                         

Figure 13: Methodology for the Concentrated Shear Screw Pull analysis 

Figure 14: Tensile test analysis setup, ASTM 3039 standard 
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The tensile results displayed quite significant findings. It can be seen that the ‘Modulus of Elasticity’ improved for 
all the specimens conditioned in the elements. The consistency of the ‘Modulus of Elasticity’ for all the samples 
should also be noted. A large variation for the ‘Ultimate Tensile Strength’ was exhibited across all the specimens.  
The ‘Tensile Stress vs. Strain’ and ‘Load vs. Extension’ graph shown in Figure 15 visually displays these results, 
clearly showing the consistency of the ‘Modulus of Elasticity’ (initial overlapping section) and the variation for the 
‘Ultimate Tensile Strength’ (scattered section). In depth data is provided in Appendix A – ‘Prototype Analysis: 
Tensile’.      

 

 

  

CONTROL Modulus of Elasticity Ultimate Tensile Strength 

Specimen A 0.828 GPa 16.41 MPa 

Specimen B 0.892 GPa 18.18 MPa 

Specimen PE 0.968 GPa 22.89 MPa 

 

SOIL Modulus of Elasticity Ultimate Tensile Strength 

Specimen A 0.913 GPa 16.44 MPa 

Specimen B 0.936 GPa 15.88 MPa 

Specimen PE 1.002 GPa 22.71 MPa 

 

RAINWATER Modulus of Elasticity Ultimate Tensile Strength 

Specimen A 1.035 GPa 16.39 MPa 

Specimen B 1.041 GPa 18.25 MPa 

Specimen PE 1.109 GPa 22.01 MPa 

 

SEAWATER Modulus of Elasticity Ultimate Tensile Strength 

Specimen A 0.919 GPa 15.94 MPa 

Specimen B 0.874 GPa 16.01 MPa 

Specimen PE 0.966 GPa 23.09 MPa 

Figure 15: Tensile Stress vs. Strain [L], Load vs. Extension [R] 
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9.6 FLEXURE ANALYSIS 
A three point flexure test was conducted to determine the ‘Flexural Modulus’ and the ‘Maximum Flexure Stress’ of 
the waste composite. The ‘Flexural Modulus’ is a measure of a material’s ability to resist deformation under load. 
This property is incredibly important as it will scope the possible applications of the waste composite quite 
dramatically. The ‘Maximum Flexure Stress’ is the maximum stress that the specimen can withstand during the 
test. The flexure test was carried out using the Instron 1185, located at the University of Auckland’s Centre for 
Advanced Composite Materials, in accordance with the ASTM D790 – Standard Test Methods for Flexure 
Properties of Unreinforced and Reinforced Plastics and Electrical Insulating Materials. The test rig set up is shown 
in Figure 16.    

 

  

 
 

 

 

CONTROL Flexure Modulus Maximum Flexure Stress 

Specimen A 0.955 GPa 27.58 MPa 

Specimen B 0.936 GPa 28.19 MPa 

Specimen PE 1.219 GPa 36.47 MPa 

 

SOIL Flexure Modulus Maximum Flexure Stress 

Specimen A 0.914 GPa 26.85 MPa 

Specimen B 0.898 GPa 26.19 MPa 

Specimen PE 1.059 GPa 32.01 MPa 

 

RAINWATER Flexure Modulus Maximum Flexure Stress 

Specimen A 0.867 GPa 25.76 MPa 

Specimen B 0.853 GPa 25.63 MPa 

Specimen PE 0.992 GPa 31.08 MPa 

 

SEAWATER Flexure Modulus Maximum Flexure Stress 

Specimen A 0.862 GPa 25.84 MPa 

Specimen B 0.896 GPa 26.27 MPa 

Specimen PE 0.995 GPa 30.93 MPa 

Figure 16: Flexure test analysis setup, ASTM D790 standard 
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The flexure results were very positive. The main discovery under flexural loading is consistency, exhibiting 
minimal variation across the waste composite specimens. It can be seen that ‘Flexure Modulus’ and ‘Maximum 
Flexure Stress’ decreased for all the specimens conditioned in the elements, with rain and seawater more greatly 
affected. The ‘Flexure Stress vs. Strain’ and ‘Flexure Load vs. Flexure Extension’ graph shown in Figure 17 
visually displays these results, clearly showing the consistency for both the properties (significant overlap). In 
depth data is provided in Appendix A – ‘Prototype Analysis: Flexural’.      

 

 

 

 

 

9.7 IMPACT ANALYSIS 
An impact test is performed to determine the amount of energy that a material absorbs during fracture. Energy 
absorbed is a measure of a given material's notch toughness and can act as a tool to determine the material’s 
ductility.  

The impact test was carried out using the Charpy Pendulum Impact tester, located at the University of Auckland’s 
Centre for Advanced Composite Materials, in accordance with the ASTM D6110 – Standard Test Method for 
Determining the Charpy Impact Resistance of Notched Specimens of Plastics. Notches were first cut into the 
specimens prior to testing. The equipment used for this experiment is shown in Figure 18.    

 

  

Figure 17: Flexure Stress vs. Flexure Strain [L], Flexure Load vs. Flexure Extension [R] 

Figure 18: Notch cutter [L], Charpy Pendulum Impact tester, ASTM D6110 standard [R] 
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The Charpy Pendulum Impact test initially provided results in terms of energy absorbed (joules). The results were 
processed and converted into force per metre width, i.e. how much impact force one metre of the material can 
absorb before it breaks. The results are shown in Figure 19.    

 

 

 

 

 

 
 
From Figure 19, it can be seen that there is quite a lot of variation within the specimens, with the force figures 
ranging from 2400 N to 4200 N. There is no apparent trend visible; however, there is an indication that 
conditioning of the specimens has minimal effect on the material’s impact properties.   

9.8 PROTOTYPE ANALYSIS SUMMARY  
Through a wide range of experimental analysis on the prototype piece of waste composite, a number of key 
properties have been evaluated.  

• The density of the waste composite is 1010 kg/m3, making it denser than wood (850 kg/m3). Therefore, 
initiatives into weight reduction may need to be considered when using it for applications.  

• Fibre swell was observed when removing the specimens from the rain and seawater conditioning process.  
 
 
 
 
 
 
 
 
 

• Conditioning of the specimens increased the ‘Time to Ignition’, making the waste composite less prone to 
combustion. Once ignited, the specimens roughly too the same time to finish burning. A lot of smoke was 
observed during the vertical burn analysis; a toxicity analysis should be carried out in the near future.  

• Screws are able to be used with the waste composite like normal. Pre-drilling may be required depending on 
the screw size to prevent premature deformation.  

Figure 19: Charpy Impact test results 

Figure 20: Visible fibre swell from the rain and seawater conditioning process 
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• The tensile analysis showed substantial variation with the ‘Ultimate Tensile Strength’ of the waste composite, 

indicating the inconsistencies of the material. Specimens were prone to premature failure due to large 
particles. These contributed to the inconsistency of the material under tension. The specimens were only 
consistent up to a force of 450 N.       
 
 
 
 
 
 
 
 
 
 
 
  

• The flexure analysis displayed consistent results between specimens A and B for each of the conditioning 
elements. This meant that both the ‘Flexural Modulus’ and the ‘Maximum Flexure Stress’ figures had a higher 
degree of reliability.  

• The impact analysis exhibited large variation within the specimens, with the force figures ranging from 2400 N 
to 4200 N. This is, once again, due to the inconsistent make-up of the waste composites. Upon closer 
inspection of the samples, it was seen that specimens were more prone to breaking if large particles were 
present around the area of impact. This was witness for specimen B under seawater conditioning where the 
sample fully broke, resulting in the lowest force figure.  
 
 
 

 

 
 

 

• The outcomes from the mechanical analyses reinforce the initial concerns around the inconsistency of the 
waste composite. Both the tensile and impact analyses give a wide variation in results; this is an indication 
that the proposed applications ideally should not require these properties. The flexure analysis provided fairly 
consistent results throughout the specimens. Effects of the conditioning process were also consistent in the 
flexure analysis. These trends give an indication that perhaps behaviour under flexural loading can be better 
predicted and therefore, the range of proposed applications may involve flexural loading.  

• The conditioning process was only a period of 10 days. To better understand the effects of the conditioning 
elements, ideally the specimens should be conditioned over a range of periods. By doing so, distinct trends 
may be uncovered and used to predict the waste composite’s properties for any period of time.        

• Due to a limited amount of the waste composite prototype, only two specimens were used in each 
conditioning element for each analysis. To obtain more accurate results, ideally a minimum of ten should be 
used for each. 

• A recommended experiment to carry out in the near future would be to soak the specimens in distilled water 
and then examine the contents of the distilled water after a set period. This will identify if any chemicals 
leaches out of the waste composite specimen.          

Figure 21: Large particles within specimens cause premature failure 

                    1                                              2                                            3                                             4 
Figure 22: Specimens after impact analysis, 1 – Seawater, 2 – Rainwater, 3 – Soil, 4 - Control 
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10.0 LEGAL & ETHICAL LIMITATIONS 

For the output waste composite material is to be sold as a commercial product, it must meet New Zealand’s 
consumer law. Social responsibility is also an element to consider as there maybe ethical issues around a product 
made from waste. The flow chart below outlines key legislation with notes on how New Zealand’s consumer law 
will limit applications of the waste composite [17]. 

 

Refer to Appendix C for details of consumer product legislation and purpose.  

 
Any proposed application of the waste composite material will be evaluated against these compliance standards. 
The performance criteria will need to be met whilst taking ethical considerations into account.  
 
 
Ethical questions to consider… 

1. What should the consumer be informed of? 
E.g. Need to be fully transparent and make sure the consumers are aware of the inputs.   

2. Have all risks been analysed? 
E.g. Need to perform a wider range of experiments such as aging processes to highlight any possible 
risks.  

3. What long term affects could the product have on peoples’ wellbeing? 
E.g. Need to test whether the waste composite leaches any toxins etc. which may potentially adversely 
impact the users.   
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11.0 PRODUCT APPLICATIONS 

One of the main goals of the innovative waste management process is a sustainable community. The process 
aims to take waste from a community and turn it into something of value that can be recycled back into that same 
community.  

The range of applications that the waste composite can be used for will be determined by its properties and then 
restricted by legal and ethical considerations. As a summary of the prototype analysis, it was seen that both the 
tensile and impact results were largely inconsistent in comparison with the flexure results. This gives a strong 
indication that any applications should at most need the waste composite to have flexural properties. However, 
due to legal limitations, the range of applications has been further reduced. The uncertainty of the origins of the 
input waste material has prohibited the waste composite to be used in contact with food, preventing the 
contamination and toxicity of food. It has also been identified that there will be quite a bit of batch variation. This 
means that the waste composites produced will vary in properties from batch to batch, making it difficult to meet 
the New Zealand Building Standards Code. Therefore, the waste composite should only be used for non-critical 
applications. The input waste material is converted into the waste composite on a 1:1 mass basis.            

There are several product requirements derived through understanding the key stakeholders, these are outlined 
in section 3.0. It has been highlighted that it will be vital to get the community excited about the proposed waste 
composite process. This will increase the volume and quality of waste able to be collected. To get the 
community’s support, the product needs to be attractive and accessible to the community. 

11.1 PROPOSED APPLICATIONS  

Through a consultation with industry expert, Mr. John Sadler, material costs were determined to be 
approximately:    

• 10c/kg for waste composites 
• 40c/kg for concrete 
• $1/kg for timber 

Therefore, with the added cost of production, it is more logical for the waste composite to compete with timber, 
both in terms of properties and costs.   

After a visit to Waiheke Island, the G4 Consultancy team observed various trends in the community’s attitudes 
and lifestyle. This understanding has helped the team to identify a set of products that will be of most value to the 
community.  

 

  

Figure 23: Photo of Waiheke Island 
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Through in depth analysis and discussion, taking into consideration factors such as the waste composite’s 
properties, legal and ethical limitations, cost comparisons and the community’s lifestyle, a range of suitable 
applications have been identified. These have been outlined below.  

Solid Bench Seating 
Solid bench seating can be purchased by the metre on the market in New 
Zealand. The price on average for solid wooden bench seat is $120 per metre, 
with an average cross sectional area of 0.670 × 0.036 m. This equates to the 
volume of a 1 metre solid bench seat to be approximately 0.024 m3. For this exact 
application to be constructed from the waste composite, 24 kg of the material will 
be required. This gives the waste composite an estimated value of $5.00 per kg 
for this application. Information from [21].  

Vegetable/Raised Bed) Garden 
Vegetable/raised bed gardens are generally constructed out of timber planks with 
a cross section of 0.15 × 0.03 m. For a medium sized vegetable/raised bed 
garden as shown to the right, approximately 9.6 metres of the timber planks have 
been used. This equates to a volume of approximately 0.043 m3. For this exact 
application to be made from the waste composite, 43.6 kg of the material will be 
required. Medium sized vegetable/raised bed gardens retail for about $130; this 
gives the waste composite an estimated value of $2.98 per kg for this application. 
Information from [22]. 

Compost Bins 
To construct a large compost bin, similar to the one shown on the right, 
approximately 30 metres of 0.02 × 0.1 m timber planks are required. This equates 
to a volume of approximately 0.06 m3. For this exact application to be made from 
the waste composite, 60.6 kg of the material will be required. Large compost bins 
retail for about $100; this gives the waste composite an estimated value of $1.65 
per kg for this application. Information from [23].  

Parking Blocks 
Typical parking blocks have the dimensions of 1.8 × 0.15 × 0.1 m and retail for 
$42 [24]. These dimensions equate to a volume of 0.027 m3 and therefore, a 
waste composite mass of 27.27 kg. This gives the waste composite an estimated 
value of $1.54 per kg for this application. 

 

These range of applications have been have been kept simple. They are able to be constructed out of rectangular 
cross sections as outputted by the extrusion process. This greatly reduces the complexity and capital expenditure 
of the process. It should be noted that the estimates above do not factor in labour; it is a direct waste composite to 
volume comparison.    

Other Applications 
The range of applications that the waste composite can be used for is near endless. Once a certain market is 
near saturation, another will be able to be targeted with relative ease. More unique applications may also be 
considered in the future such as bollards and beehive containers. These will be able to be constructed upon 
demand with simple modifications and customisation of the extrusion dies. However, the feasibility of any new 
application needs to be evaluated prior to commitment.     
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11.2 SHAPE OPTIMISATION  
An initial concern was that perhaps there would be not enough waste produced to make the innovative waste 
management process feasible in an isolated community. Another concern was uncovered during the prototype 
analysis process, where it was discovered that the density of the waste composite is almost 20% more dense that 
wood. Therefore, as a means material reduction thus, weight saving, the G4 Consultancy team applied a series of 
mechanisms from mechanics of materials knowledge.   

The radius of gyration is a convenient design parameter, providing a measure of performance in normal bending 
stress, shear stress and buckling [25]. The goal was to choose a section shape with a large radius of gyration (to 
achieve the required strength) but a small cross sectional area to reduce mass. Using this rationale, ‘I’ sections 
demonstrated the most promising characteristics.  

To highlight the benefits of the shape optimisation, calculations have been performed to compare an ‘I’ section to 
a solid rectangular section, both occupying the same cross sectional envelope as shown in Figure 24. The results 
of the series of calculations are as follows:    

 

 
 

Rectangular section 
 

Area =   15 × 30 = 450 units2 

Second Moment of Area =  (15 × 303)/12 = 33750 units4 

Radius of Gyration =  √(33750/450) = 8.66 

‘I’ section 
 

Area =   (15 × 30) – (6 × 24) = 306 units2 

Second Moment of Area =  ((15 × 303)/12) – ((12 × 243)/12) = 19926 units4 

Radius of Gyration =  √(19926/306) = 8.07 
 

As seen from the calculations, the radius of gyration for the ‘I’ section is subjected to a 6.8% decrease when 
compared to the rectangular section. This is roughly correlated to how much ‘strength’ is lost. However, this 
corresponds to a 32% reduction in weight and ultimately, saving on the waste composite material. Methods such 
as this may be considered in the future if necessary.    

                   1                                           2                                                 3 

                         Figure 24: 1 - Rectangular section, 2 - ‘I’ section, 3 - Normal bending schematic 
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11.3 PRODUCT MARKETABILTY  
The innovative waste management process turns waste into a product that is to be recycled back into the 
community. One of the main product requirements is to have commercial appeal. In order to make the waste 
composite product appeal to the market, an element of rebranding is required, where the word ‘waste’ is not 
mentioned. Names such as ‘Re-engineered Composite’ or ‘Engineered Composite Board’ are suitable candidates.  

The waste composite needs to be priced competitively and be affordable to the general Waiheke population. 
Because of the nature of the input materials for the product and the negative connotations that may be attached, 
the waste composite products need to be marketed for less than the estimated prices for the proposed 
applications in section 11.1.   

11.4 PRODUCT APPLICATION SUMMARY 
For the purposes of understanding the volume of the total amount of waste composite produced and quantifying it 
in terms of a marketable product, the vegetable garden application has been chosen due to its flexibility. The 
vegetable garden can be also used as a sand pit, storage medium or even a compost bin. The dimensions of the 
vegetable garden taken into consideration are shown in Figure 25. The vegetable garden would be constructed 
out of simple rectangular section beams (150 × 30 mm). 

 
 

Therefore, combining all the data gathered, there will be sufficient usable waste gathered in a single year to 
produced 3,081 vegetable gardens.  

Taking into consideration that there are approximately 3,229 households on Waiheke Island, the number of 
vegetable gardens able to be produced in one year would easily over power the demand within the community. 
To prevent saturating the market, there could be a more diverse range of products manufactured. Nevertheless, 
calculations still indicate that the volume of waste composite produced far outweighs the rate of market 
consumption.   

A key desire of the Waiheke Resources Trust is to see waste sustainably recycled back into a community. The 
calculations suggest that there would be a need to export some of the products produced. This highlights some 
implications on the sustainability of the process as it would clearly not be sustainable across all communities; this 
would lead to an oversupply of the waste composite.   

Refer to Appendix A – ‘Financial Analysis’ for full calculations. 
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Figure 25: Comparative application – Vegetable garden (All dimensions is millimetres) 
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12.0 FINANCIAL ANALYSIS 

Economically, waste is a cost to society. It costs the councils valuable land in terms of landfills and resources in 
terms of management. The proposed innovative waste management process may prove to be a better solution, 
not only by reducing on waste going to landfills, but transforming it into something of value in the process. 

However, it must be recognised that even though the waste management process looks to create a more 
sustainably environment, it must also be socially and economically sustainable to warrant success. For this to 
work, revenue generated from the waste composites must be able to fund the costs associated with the collection 
and manufacturing processes.   

This leads to the need to see the waste management process work as its own business model, one that will yield 
a return on investment and is self-sustainable within a few years of beginning.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The financial requirement… 

                             “Cost of product manufacture + Margin = Product price” 

Figure 26: The financial requirement required for a feasible business model 



 

  

27 
12.1 BUSINESS MODEL 
The following is a preliminary financial analysis based on a simplified business model with several key 
assumptions:  

1. Only waste required for the manufacturing process is to be collected.  
2. The method of collection to be used is the kerbside collection scheme. This is carried out by the operation 

of a collection truck to retrieve rubbish from the kerbsides of selected regions within Waiheke. The waste 
is then returned to a processing plant at a single location in the industrial area of Waiheke.  

3. Waste will be sorted into two streams; light materials to be processed by the agglomerator and dense 
materials to be processed by the granulator. Any substances not permitted to enter the machines must be 
detected and removed. This is a labour intensive process. 

4. After the waste material has been processed by the granulator and agglomerator, it is fed into the 
extruder and manufactured into the waste composite material.     

5. The waste composite material is then assembled into appropriate products.  
6. All the products will be sold onsite on a pick up basis. This negates cost of sales.  

Steps 1 to 5 are all ‘cost creating’ steps, necessary to create the final waste composite product. Step 6, the sale 
of the final waste composite product, is the only source of revenue in this business model. 

It has been identified that the main resources required for the waste management process are the collection truck, 
the production line and the premises.       

The following two cases are reviewed: 

Case A: ‘BUY’ 
All the required resources will be purchased; this includes the collection truck, the production line and the 
premises. The premises will be used to house the production line, stored the collected waste and the processed 
waste composites. It will also double up as a sales area for the final waste composites.   

Case B: ‘LEASE’ 
The collection truck and the premises will be leased. By leasing the collection truck, maintenance, depreciation 
costs etc. will be removed. By renting the premises, expenses such as rates are avoided. The machinery required 
for the production line will still be purchased.  

12.1.1 ASSUMPTIONS OF THE BUSINESS MODEL 
The business model has been simplified with several key assumptions… 

General 
• Operation of the entire process will be carried out for all 52 weeks of the year. 
• The production line will be housed in a 20 ft. container for easy transportation of Waiheke. 
• Further amenities on the premises will be minimal therefore we negate the associated costs. 
• Staff required can be hired on a casual contract, only required when work is available. 
• The interest rate on all the money loaned for the initial setup will be 8%. 
• The financial model disregards tax. 
• All the loaned money will be paid off at the rate of depreciation. 
• Instantaneous money/credit transfer; no bad debts or accrual payments. 
• Demand is high; every product produced will sell. 
• The waste composite product needs to sell for less than that of the competing products. 



 

  

28 
Collection 

• The rate of manufacture determines the amount of waste composite produced. The rate is limited by 
the capability of the processing line. The maximum possible rate of manufacture is calculated and 
only the waste that is able to be processed will be collected, no more. This ensures that there is no 
addition costs associated with storage of unprocessed waste.  

• Only waste able to be processed will be collected (a degree of presorting by households assumed). 

Sorting 

• Through consultation with Mr. John Sadler, it has been identified that the input waste material is 
converted into the waste composite on a 1:1 mass basis. It is assumed that 100% of the waste 
material collected will be used to manufacture the waste composites. This involves no depletion in the 
sorting stages.   

Manufacture 

• Only one complete processing line will be invested in. 
• The production rate for one processing line is 3 metres per minute (with a cross section of 150 × 

30mm). This equates to an amount of 297 tonnes per year. This is the limit of the amount of waste 
that can be processed and therefore, is the amount to be collected 

• No delays are experienced in between the incoming material from the collection process and the 
production of the waste composite. This is very unrealistic for this process it has been identified that 
there is a collection and sorting process prior to the manufacturing which will require some time.      

12.1.2 REQUIREMENTS OF BUSINESS MODEL 
For the two business models described to be setup, the following capital expenditure will be required… 

CASE A $346,450 NZD 

CASE B $54,700 NZD 

Financial support may be possibly obtained from the Auckland City Council or the Ministry of Environment under 
their ‘Waste Minimisation Fund’. Private investments or capital from the Waiheke Resources Trust may also be an 
option to consider.  

12.1.3 FINANCIAL PROOF 
A comprehensive financial analysis, taking into consideration all the costs associated with collection and 
manufacture, was carried out by the G4 Consultancy team. This financial analysis has uncovered that for both 
Case A and B, there is a continual loss. This is reflected by a closing bank balance that is continually going into 
negative.   

The financial forecasts for the next 10 years for both cases have been shown in Figure 27 and 28. 
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12.1.4 BUSINESS MODEL SUMMARY 
The simplified business model’s best case will still lead to a deficit of about half a million within 10 years (Case A). 
If Case B is pursued where the collection truck and premises are leased, the deficit will be about $1.1 million. 
Either way, the model is not financially stable both cases with an average loss of over $100,000 per year. 

G4 Consultancy will not recommend any type of investment into the business model as it stands.  

However, it has been identified that there are possible areas to change the model so that it may become 
financially feasible. An aspect that may be of concern is the problem identified in section 11.4, where if a single 
product is produced, the corresponding market may be saturated. If multiple types of products are produced, 
there would be a substantial increase in the associated costs of production. Refer to Appendix A - ‘Financial 
Analysis’ for full financial calculations.  

Figure 28: Closing Bank Balance 

Figure 27: NET Annual Loss 
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13.0 FINAL RECOMMENDATIONS 

Based on the financial analysis, G4 Consultancy would not recommend investing in the business model as it 
stands.   

All the assumptions made within the proposed business model need to be checked and verified. In particular, the 
processing parametre assumptions that have been used are largely based on advice given. The exact rate of 
extrusion will be dependent on the processing line used. This needs to be determined before a reliable rate of 
extrusion can be used within the financial analysis. Another one of the assumptions that is largely invalid is that 
no delays are experienced in between the incoming material from the collection process and the production of the 
waste composite. It has already been identified that there is a collection and sorting process prior to the 
manufacturing which will require some time. Therefore, a more realistic model would look at the implications of 
these and take them into consideration. How the entire process flows can be analysed using software such as 
Arena® Simulation created by Rockwell Automations [26]. This will not only identify, but highlight any bottle necks 
in the process that ultimately lead to an inefficient process with long wait times and high storage costs.  

It was identified in section 11.4, that if a single product was produced from the waste composites, the market is 
likely to be saturated within a year. To prevent this, a variety of products may be produced. To save on costs, it is 
possible to use the same cross sections and simply build different products from the waste composites. 
Investments into special dies may be considered in the future to further expand into different applications. This will 
prevent any market getting saturated by products made using the waste composite.       

Realistically, the feasibility study has indicated that the proposed waste management process is unable to stand 
as an independent business. However, due to the nature of the process, its goals are in line with many including 
the Ministry of Environment. It is a responsibility of local councils to collect waste in New Zealand and therefore, 
collection processes such as the one required by the proposed waste management process will already be setup. 
If the Waiheke Resources Trust is able to negotiate with the council for the collection process to be incorporated 
into current council collection processes, then the proposed waste management process may prove feasible.  

For the proposed waste management process to be successful there is a huge dependence on the creation of a 
waste composite product market. As seen from section 12.1.2 – ‘Requirements of Business Model’, Case B is the 
cheaper option initially. However, Case B still requires an initial capital investment of $54,700. A strong 
recommendation by G4 Consultancy is to have essentially a ‘trial’ period. In this ‘trial’ period, the waste would be 
collected as normal but is then compacted and shipped off to JayTech Industries (run by Mr. John Sadler) on 
mainland Auckland for processing. Once the products are made, they will be transported back to Waiheke Island 
to be recycled back into the community. The variable costs associated with this will be higher, but there will be 
very little initial capital expenditure. This will allow the Waiheke Resources Trust to evaluate the response of the 
community and identify any potential undetected problems. Depending on the outcome of this initial trial period, a 
decision will then be made by the Waiheke Resources Trust on whether to proceed with a full scale investment 
into the proposed waste management process or not.    

Refer to Appendix D for G4 Consultancy’s recommendations for ‘On-shore processing’ and ‘Off-shore 
processing’       

 

         

  



 

  

31 
14.0 RISK MANAGEMENT 

Through the entire feasibility evaluation process, G4 Consultancy has identified various aspects of risks. Using 
professionalism and foresight, G4 Consultancy has also identified how to better manage these risks.  

A summary of these have been provided in the table below: 

 

 

 

RISK Explanation Recommendation 

Toxicity Excessive smoke exhibited during burn analysis. 
Toxicity analysis needs to be carried to confirm 

that the waste composite is safe to use. 

Arsenic 
Input waste may include undetected hazardous such 

as tantalised timber which releases arsenic.  

Need to check whether harsh chemicals such as 
arsenic can be leached out – distilled water 

analysis.     

Inconsistencies 
in material 

Mechanical testing of the waste composite 
highlighted large variations in material. 

Perform a wider range of experiments with a 
larger number of specimens to obtain more 

accurate data. 

Political 
Collection of waste is a council responsibility. 

Currently, Transpacific Industries have the contracts.  
Need to consult the council and Transpacific 

Industries in terms of waste collection.   

Market Market will be easily saturated with a single product. 
Construct a variety of products with the same 

cross section of waste composite.  

Waste sorting 
Assumed that households will do some presorting 
and only waste able to be processed is collected. 

Waste sorting education to the community 
through various means.  

Demand 
The process is dependent on the creation of a waste 

composite product market with high demand.  
A ‘trial’ period may be used initially to assess the 

market prior to heavy commitment. 

Product 
What will be most valuable and appealing to the 

community. 
A market survey may be launched to better 

understand the community.  

Constant waste 
stream 

It is assumed that the waste stream is relatively 
constant throughout the year. 

The population of Waiheke is quite seasonal so 
the waste stream will have fluctuations. Need to 

account for this in future feasibility studies.  

Waste content 
40% of the waste stream was deemed usable for the 

process.  
Changes in culture/habits may alter waste 

composition. Need to be aware of this.  

Backfire  

As the community becomes more environmentally 
aware (perhaps thanks to this process), they may 

reduce their consumption in certain products such as 
plastic bags.   

As people move towards sustainable living, they 
move away from the exact products that are 
required as input for this process. Need to be 

aware of this. 
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15.0 PROJECT OPPORTUNITIES 

Although G4 Consultancy would recommend not investing in the current business model as it stands, there are 
various aspects of the proposed waste management system acknowledged to have potential.   

16.0 SOCIAL AND ETHICAL IMPLICATIONS 
Social Implications 
• The process needs to allow the community to live their lifestyle, but at the same time, it aims to create in 

change in the community’s lifestyle. 
• Requires households to sort/be responsible for their waste whilst not significantly impacting on their quality 

of life.   
• Even though the economic costs associated may be high, the cost to the environment may be greater. 

Therefore, if the economic costs can be justified by environmental gain for future generations, the process 
should still be done. 

Ethical Implications 
• What input material would be considered ‘unclean’ by the society and potential be an issue to some people. 

This is a concern primarily for religious groups who may have kosher/halal law. Also, some of the input 
waste material would have been in contact with meat etc. 

• As the manufacturer, you need to be fully transparent and ensure the consumers are aware of the inputs but 
at the same time, ensure them that a ‘sterilisation’ process is used and therefore, the product is clean.  

• Need to ensure that no toxins leaches out of the waste composites that may potentially affects peoples’ 
wellbeing. 

OPPORTUNITIES Explanation 

Business Model 

To potentially make the waste management process feasible, changes could be made to the 
current business model. A range of variables may be altered such as: 

• Reviewing the collection process. This can be done by: 
     A) Combining the process with current collection methods.  
     B) Treating the collection process as its own business model. 
     C) Out sourcing the collection stage. 
     D) Reviewing options around people bringing the waste to the premises. 

• The processing of the waste material into waste composites could be treated as a 
‘service’. Therefore there will be no collection costs and sales are beyond your 
responsibility.   

Politic Support 
It is in the best interest of the New Zealand government to retain the country’s clean, green and 
sustainable image. This image benefits the country in many different ways. It may be possible to 
get the government on board as it may be worth them investing annually into this process 

Financial Support 
The proposed waste composite process may be eligible for financial support from places such as 
the Auckland City Council Waste plan or the Ministry of Environment’s Waste Minimisation fund.   

Expansion 
If this process is proven feasible within an isolated community, it may be able to expand and be 
used for distinct communities across the country. There is also huge potential for this process to 
be used for islands in the Pacific where waste is a big problem.   

Partnerships 
The values of the proposed waste management process align quite nicely with Mr. John Sadler’s 
JayTech Industries located on the North Shore, Auckland. A possible partnership may be formed 
where JayTech will provide the expertise required with the entire process.   
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17.0 CONCLUSIONS + NEXT STEPS 

Through an extensive procedure of evaluating the feasibility of an innovative waste management process 
proposed by the Waiheke Resources Trust, the following conclusions have been drawn by G4 Consultancy: 

• The proposed waste management process has been developed for the concept of ‘isolated communities’; 
the island of Waiheke is a prime example of such an isolated community and therefore, was be used as a 
test bed throughout the feasibility evaluation process.   

• System requirements were divided into two categories: Process and Product. These were developed 
through understanding the vision and needs of the key project stakeholders. 

• The identification of a full process map enabled G4 Consultancy to recognise the main aspects of the 
waste management process and isolate them into manageable sections which all work towards the 
common goal of evaluating the feasibility of the process.   

• Analysis into Waiheke Island’s demographics identified that most of the population is located on the 
western side of the island, with Oneroa, Palm Beach and Surfdale most dense.  

• Waste data from a past audit on the community of Waiheke highlighted that about 428 tonnes of usable 
waste will be available each year from the Waiheke community.  

• In depth evaluation of several collection schemes resulted in kerbside collection being the most feasible. 
It was the most financially sustainable whilst also performing the best to minimise both cost to user and 
user effort.         

• After exploring the possibilities around brand new and second hand machinery/equipment, it has been 
strong advised by industry expert, Mr. John Sadler, that second hand options should be used.  

• Prototype analysis carried out at the Centre for Advanced Composite Materials have identified major 
inconsistencies in the waste composite’s tensile and impact properties. However, consistent results under 
flexural analysis were noticed and therefore, the proposed applications were selected with this in mind.   

• The range of applications was narrowed down to a vegetable garden due to its flexibility and simplicity.  
• Using the vegetable garden application, a detailed business model was created with two cases, buy and 

lease. There were several assumptions within this model; these may have resulted in its poor 
performance. 

• Throughout the process, many risks, opportunities as well as social and ethical implications were 
identified.   

To answer the original question of how much waste is needed for the proposed process in order for it to become a 
feasible solution and whether this amount is achievable within an isolated community such as Waiheke, G4 
Consultancy has concluded that the amount of waste available not the problem. With one processing line, the 
amount of usable waste greatly exceeds the maximum production rate. If the number of production lines are 
increased, the problem then lies with over saturating the markets.     

What happens next? 
In pursuit of achieving a favourable outcome for the innovative waste management process, a variety of actions 
may be taken: 

• The business model needs to be refined. There were many assumptions within the simplified model; 
these may be eliminated with access to more confidential information.  

• Negotiations with the Auckland City Council or Transpacific Industries in regards to the collection process 
to be incorporated into the current collection scheme.  

• Analyse the risks and opportunities identified and carry out the necessary actions.    
• Conduct a ‘trial’ run to highlight and evaluate any uncertainties.  
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APPENDIX A 
The complete data files are located on the CD under the following structure… 
 

Prototype Analysis 
• Flammability 
• Impact 
• Tensile 
• Flexural 

 
Financial Analysis 
• Buy 
• Lease 

 
Collection Analysis 
• Evaluation 
• Total Costs 
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APPENDIX B 

 

 

 

 
 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

1. Existing waste composite 

2. Cut into smaller sections 

3. Smaller sections fed into granulator 

4. Granules of the composite 

5. Granules vacuum dried  
                        for 24 hours  

6. Injection moulded at 180˚C  7. Specimens conditioned 

8. Specimens immersed in: seawater, soil, rain and the control [L-R]  

Full procedure of specimen preparation prior to testing… 
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APPENDIX C 
 

  

 Structure of Consumer Product Legislation & Purpose
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APPENDIX D 
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