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Abstract 

A 2003 thesis by Sumita Ghosh concluded that, in relation to the scope of her study, the low density 

(18 households/hectare) block at a distance from the CPD offered the most sustainable urban form 

in Auckland when using indicators for transport, carbon sequestration, energy, food and waste. This 

study considers and extends this hypothesis by using a single stand-alone house in an Auckland 

suburb to examine, from practical evidence, the potential offered by low density suburbia for 

reduction in household energy use, harvesting of water and food, recycling of waste and change to 

transport habits.  

 

For this study, an existing suburban house on a plot that matched the density claimed by Ghosh to 

be ideal was first studied unconverted. It was then changed to improve its use of energy, the site 

was redesigned so food could be grown, and the transport habits of the occupants changed. The 

whole process was monitored over two periods, each of one year. Total energy, excluding that for 

travel, was reduced by 70 percent between the two study periods. The electricity component was 

reduced by only 12.7 percent although substantial improvements were made in amenity and 

comfort. These included a 2
o
C rise in indoor temperature over the heating season. Water purchased 

from the utility supplier was reduced by 78 percent and on a 31m
2
 garden, 23.5 percent of the 

household‘s vegetables were grown. Given a 555m
2
 plot size that matches Ghosh‘s calculated ideal, 

CO2 emissions from work related travel in the study house would have been sequestered within its 

own plot.  

 

There is evidence that the house on an individual plot at Ghosh's proposed density of 18 households 

per hectare may be the optimum size for a degree of self sufficiency for the average family within 

the Auckland urban environment. This research revealed that an average family could be 

autonomous in water, electrical energy and could sequester its work travel CO2 emissions. 

Substantial reductions could also be made in bought vegetables and organic waste disposal.   

 

This research shows that the existing suburban layout can be used in a much more sustainable 

manner, suggesting the current concerns with densification may be moving suburban Auckland in a 

non-sustainable direction. This research also demonstrates the need for any changes to suburbia to 

ensure people can still use their houses and gardens in a sustainable manner. This will provide 

Auckland with a robust built environment that can cope with future changes in resource availability. 
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The need for research 

New Zealand is one of the most urbanised countries in the world with 85.7 percent of the population 

living in urban areas. The dominant urban form is the detached house, which constitutes both 81 

percent of the existing housing stock and, annually, the greatest number of new private dwellings. 

For New Zealand to have a sustainable society it is imperative that this type of urbanisation is 

researched objectively to establish the potential of this type of house to be sustainable.  

 

Potentially, one third of all existing New Zealand houses are un-insulated. This has health, energy 

use and CO2 emissions implications, particularly since many of these houses may be owned by the 

older members of society. However, the existing housing stock represents a significant resource 

investment and cannot just be scrapped and replaced with better insulated houses. The detached 

house so loved by New Zealanders also has other advantages when it comes to living sustainably. 

The potentially sustainable features of suburbia with its detached houses include room for energy 

generation, carbon sequestration and food production. However, these characteristics require an 

inclusive study for objective analysis of the positive aspects of suburbia and these need to be 

compared with what may be viewed as its negative aspects. 

Existing research 

Many excellent studies of the heating and insulation of New Zealand houses have been undertaken 

by BRANZ (Building Research Authority New Zealand), postgraduate students (Asaad: 2001), 

(Huang: 2006) and other researchers (Su: 2008) (Lloyd et al: 2007). Two that were used extensively 

in this thesis are the HEEP (Household Energy End-use Project) study by BRANZ and a 2003 PhD 

thesis by Sumita Ghosh. The first was a comprehensive 10 year project researching energy use in 

New Zealand households, and considerable use is made in this thesis of the data obtained in that 

study. The second is the theoretical thesis by Sumita Ghosh that concluded, using sustainability 

indicators of domestic and transport energy use, carbon sequestration, food and waste, that the most 

sustainable urban form for Auckland was the low-density block at a distance from the CBD. The 

dominant sustainability aspects were found by Ghosh to be domestic and transport energy. The data 

from Ghosh‘s thesis was used mainly as a comparison to the data obtained from the study of a 

single house which forms the basis of this thesis.     
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Research aims 

The objectives of this thesis are to gather in use data of the alteration of a detached house and its 

plot in Auckland with the aim of improving the potential of the house and garden to be used 

sustainably. This data can then be added to the existing body of knowledge on stand-alone houses 

and their potential to contribute to a sustainable urban environment, their potential for 

redevelopment and their place in the urban environment. This thesis also assesses Ghosh‘s 

theoretical hypothesis in terms of the data gathered from the study house. The main question 

addressed in the research is as follows. 

 

What is the potential for the stand-alone Auckland suburban house to be used sustainably? 

This main question is broken down into a set of specific questions addressed in the Conclusion to 

this thesis. These are: 

 Can retrofitting the New Zealand housing stock contribute towards a sustainable urban 

environment in terms of:  

Energy consumption 

 Health 

 Embodied energy? 

What is the potential offered by the suburban stand alone house in terms of: 

 Domestic energy use 

Food production 

Carbon sequestration  

 Waste 

 Water harvesting 

 Transport?  

How can the potential offered by suburbia be utilised? 

Does suburbia offer a more sustainable urban form than other alternatives? 

What is the most sustainable residential block density? 
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Thesis structure 

This thesis first reviews the housing stock and housing type preferences both in New Zealand and in 

other similar cultures. A brief history of suburbia provides a background to the influences that have 

shaped New Zealand housing and the reason for the dominant position of suburbia in the modern 

housing market. The main body of the thesis is a presentation and discussion of data from two 

periods of study of a stand-alone house. Data collected in the first year is from the house in its 

unaltered state. A period of time was then spent retrofitting this un-insulated, street facing cottage to 

be a code compliant, re-oriented house with some sustainable technologies. Lifestyle changes were 

also researched. An analysis of the data collected during both periods is presented in sections that 

correspond to some of Ghosh‘s indicators, with conclusions drawn at the end of the section as to the 

potential to be sustainable. The thesis then considers several urban developments near the study 

house and presents alternative and more sustainable options for them, based on the outcome of the 

data collection and analysis. Following the conclusion and discussion of the research question, there 

is a section on further research related to the thesis project. 

 

Scope of research 

There is a limit to what can be learned from the study of one house but conversely, without 

measured data from field studies, research can only be theoretical. The value of real data from a 

single building has been demonstrated by other PhD studies in the field of more energy efficient 

buildings (Vale: 1995), (Harrall: 2007). This research is an experiment in building conversion and 

data collection but focussed on the whole house and its site, not only the building. Buildings are 

complex objects and how well they function is influenced by the users. However, without some data 

collection it is not possible to push the debate over sustainability and suburbia further. Occupiers 

and their views have also formed part of this research by looking at the acceptability of including 

sustainable technologies like solar water heaters in existing houses, where their installation may not 

be as optimal as in new houses.  

 

This thesis can be seen as a ―bottom up‖ response to Ghosh‘s theoretical hypothesis. Some aspects 

of the research such as space heating energy use will have relevance only to the Auckland area, 

since it is linked to climate, but other proposals such as moving houses for improved solar 

orientation and vegetable harvesting may have wider application. Auckland is New Zealand‘s 

largest city with one third of the country‘s population and has, in the opinion of some, the most 
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substantial urban problems (Auckland Region Council: 2007), so sustainable solutions for the city 

could have the greatest impact in New Zealand. 

Transitional suburbs 

Modern suburbs were conceived as a form of urban design in the formative years of public transport 

(Thorns: 1972: p37), (Palen: 1997: p200). In the English speaking world the acceptance of suburbia 

as the major form of urban housing meant suburbs proliferated post WWII (Palen: 1997: p205) 

when private transport in the form of the car was perceived as a status symbol and ownership a 

personal right, with land and consumer products being considered infinite and easily obtained. 

Events in the late 20
th

 and early 21
st
 centuries have initiated a revision of this philosophy including 

reconsideration of the use and ownership of public and private spaces. This revision has included 

the encouragement of ―infill‖ medium density developments that have usually created shared space 

as impervious traffic areas. Suburban green field developments such as the New Urbanism (Krier: 

2006) suburban settlements at Seaview, Florida and Pegasus Town, North Canterbury have in 

recent times incorporated this approach to urban design, and the concept of Smart Growth 

(Sustainable Communities Network: 1996) as adopted by Philadelphia City, Philadelphia and Flat 

Bush, Auckland also shows this influence. However, there has yet to be detailed and systematic 

investigation either in overseas communities or those proposed in New Zealand of whether these 

approaches have resulted in significantly decreased environmental impact. In Auckland, the 

Earthsong community (Flagler and Firth: 2007) is probably the nearest thing to sustainable 

suburban development but again its environmental impact has not been monitored in detail 

(Whiharja: 2003). At Earthsong the space outside the private houses is public and is employed for 

community use, with vehicles restricted to the housing perimeter. Other Earthsong concepts include 

rammed earth housing with solar hot water, some rain water collection, and food harvesting. 

However, there has been no attempt to measure the impact of transport use by members of this 

community to make an overall picture of its potential carbon footprint reduction through the various 

strategies it employs. This thesis starts this process by looking at a number of sustainability aspects 

related to a single Auckland suburban house. 

 

Ghosh did not address the means by which the transition to a more sustainable urban form, as 

proposed by her hypothesis, could be initiated. This thesis, following the analysis of a single 

redeveloped house, also considers the transition of a suburban block to one that could incorporate a 

more comprehensive view of a sustainable suburbia.
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Introduction 

At the beginning of the eighteenth century, 97% of the world‘s population lived rurally (Palen: 

1997: p3). Since that era, there has been an immense growth in urbanisation, with half of the 

world‘s population living in urban areas by the middle of 2008 (UNFPA). Suburbs, as a form of 

urban design, evolved in reaction to the problems created by high density urbanisation and the 

transformation of towns into cities. Higher population densities had led not only to poorer health 

through squalid living conditions but had also provided an environment where epidemics could 

rapidly move through the population, such as the Asiatic cholera outbreaks that occurred in England 

between 1831 and 1853 (Summers: 1989: pp113-117). This was seen as a problem for the 

industrialists who relied on human labour in their factories. Companies such as Cadbury, Rowntree 

and Lever in the UK provided low density suburban settlements for their workers where houses had 

gardens and open space was an important element of the settlement (Darley: 2007: p138). At the 

same time, reformers like Chadwick (Porter: 1997: p410) were campaigning for better housing in 

cities and the house with its garden was seen as a solution. 

 

Planning of the first New Zealand towns, from 1839 onwards, determined that having separate 

houses on individual lots was to be the predominant urban housing form in this country (Dart: 1963: 

pp31-34). The necessity for a degree of self sufficiency was a reason for this housing form being 

adopted in the new colonies (Dart: 1963: p25). The government State Housing Programme both 

before and after World War II encouraged and substantially extended the same form of housing.  

 

New Zealand too showed a trend towards urbanisation, demonstrated by its demographic statistics. 

In 1936 only 52.7 percent of the population was urbanised. This had increased to 59.6 percent by 

the 1961 census (McLintock: 1966) and to 85 percent by the 2001 census. The detached house has 

continued to be the preferred dwelling type, so much so that separate housing comprised 80.6 

percent of permanent private dwellings according to the 2001 census, which increased to 81.2 

percent by the 2006 census. The 2006 census revealed regional differences in the level of separate 

housing, with the Wellington region having the lowest at 75.1 percent.  

 

The two trends of urbanisation and individual detached housing have created numerous problems, 

among which the continued expansion of the urban edge, known as urban sprawl, has become a 

major topic of deliberation for urban designers (Lindstrom and Bartling: 2003), (Forsyth: 1999). 

The commonly proposed model for sustainable urban development in New Zealand has been urban 

intensification, particularly in the form of medium to high rise apartments and urban infill. However 
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this premise has been based primarily on the proposition that a compact city is a sustainable city 

(Calthorpe: 2001), itself a premise rather than a substantiated fact, and one which ignores the 

potential contribution of existing and future suburban housing to sustainability. It is possible that 

the high levels of private vehicle use, the most visible consequence of urban sprawl, have reinforced 

this view. Although it must be acknowledged that private and commercial transportation play a very 

important part in the sustainable city equation, this thesis proposes that transport is only one part of 

the mix and that a broader view should be taken, with consideration being given to housing 

preferences and to better utilisation of the potential of the existing housing stock. 

Suburban prejudice 

Prejudice against suburbia is widespread. Vincent Scully commented that art historians did not 

consider domestic architecture significant enough to warrant investigation (Fishman: 1987: p9). 

Hayden agrees, saying that ―In the 1970s and 1980s, architects and urban theorists … largely 

ignored suburbs or lambasted them as banal areas of tract houses‖ (Hayden: 2003: p15). Edwards 

is more direct, stating that “Suburbia is a dirty word.” (Edwards: 1981: p1) More recent 

commentators have blamed suburban sprawl for poor air quality, increasing levels of infrastructure, 

social separation, traffic congestion (Bullard et al: 2000: p16) and rural social disruption (Lindstrom 

and Bartling: 2003: p5). Mumford criticises the ―universal suburb‖ as being ―…almost as much of a 

nightmare, humanly speaking, as the universal megalopolis…‖ (Mumford: 1966: pp496-498). 

There is substantial substance to these criticisms, although Davison considered that the conformity 

that so revolted Mumford was the result of regulation and lack of design (Davison et al: 1995: p41). 

Edwards notes that ironically, in the UK, one of the original forces driving suburban housing was 

the reaction against the“…dingy and monotonous” Georgian street (Edwards: 1981: p26). He 

further considers that in the case of nineteenth century by-law housing the characterless streets lined 

with semi-detached houses and terraces were the result of a particular interpretation of the relevant 

law and the difficulty of “…devising interesting or attractive layouts for large numbers of small, 

cheap, decent, solidly built houses.” In contrast, some architectural critics have doubted the 

existence of the ―universal suburb‖ and have noted how even adjacent suburbs can have different 

characteristics, with most developing individual social and visual differences (Thompson: 1982: 

p147), (Hayden: 2003: p5).  

In attempting to define suburbia, Edwards states that it is an “…area of houses” a “hybrid”, going 

on to say it contains “…trees, grass, hedges and flowers, but it also has buildings, streets and 

pavements” and that its inhabitants “…are of a broadly similar social class, it is a place where the 

breadwinner sleeps but does not work, where houses are set in gardens, but where the streets have 
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kerbs” and concedes finally that “…suburbia eludes exact definition‖ (Edwards: 1981: pp1-2). The 

differences in suburban design and suburban housing can be more clearly defined when 

comparisons are made between countries. The Ministry of Housing in Britain, following WWII, 

recommended a minimum of thirteen dwellings to the acre, with twenty dwellings per acre being 

“…perfectly practicable” (Edwards: 1981: p237). Achievement of these densities necessitated two 

storey houses, generally semi-detached.  

American suburbs are a broad adaptation of an imported British concept, but with reduced density 

and greater dispersal of suburban developments (Clawson and Hall: 1973: p130). In Bourgeois 

Utopias Fishman acknowledges America‘s suburban ancestry saying ―…the more often they 

proclaimed their truly American character, the more deeply they borrowed from English 

precedents‖ adding ―…they succeeded in Americanizing the English detached villa and in putting 

forward the suburban style as an attractive alternative to the urban row house‖ (Fishman: 1987: 

pp122-123). Fishman later concluded that the most important features of post-war American 

development were the ―…breakaway of the urban periphery from a central city it no longer needs: 

and the creation of a decentralized environment that nevertheless possesses all the economic and 

technological dynamism we associate with the city‖ (Fishman: 1987: p184).  

Since World War II, New Zealand‘s suburban design has usually followed the American model, 

possibly because of the global shift of power in that period. Housing trends in Australia have been 

similar to New Zealand‘s, with surveys establishing that the preferred form of housing tenure for 

the citizens of Adelaide, Sydney and Melbourne is home ownership, (Stevens et al: 1992 in Troy, 

1996: p47), although debate over the direction that urban growth should take has been vigorous 

(Troy: 1996), (Lewis: 1999), (Forsyth: 1999). In the face of those pressing for increased densities, 

Troy advocates that discussion of culture, community and social justice should be incorporated into 

the urban consolidation debate and suggests that more environmentally sound low density suburban 

types are possible. Without a general agreement, qualitative and quantitative research based data are 

needed to draw an informed judgment as to the most appropriate and sustainable urban form for an 

increasingly (sub)urbanised New Zealand population.  

Preferred housing types 

The English speaking world has overall shown a deep-seated preference for the suburban house, 

either detached or semi-detached. In America, even those who condemn suburban sprawl have 

acknowledged this housing preference (Feagan and Parker: 1990) and that many American 

apartment tenants still aspire to owning a single-family house (Michelson: 1977). Palen is more 
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adamant stating that ―Suburbanism is destined to be the American way of life for the early twenty-

first century‖ and adds that it is the ―…life-style that appeals to most…‖ (Palen: 1997: p471). 

Recent studies on New Zealand housing preferences are difficult to locate but if a comparison can 

be drawn between the housing aspirations of the United Kingdom population, where houses are 

more often attached than in New Zealand, then one survey undertaken by CABE (Commission for 

Architecture and the Built Environment) in 2004 provides an indication (Fig. 1, Table 1). This 

survey established that ―…regardless of social status or ethnicity and, to some extent, age…‖ the 

detached house or bungalow is the most popular option, with the semi detached being the next most 

preferred. Two other UK trends that are worth noting are the increase in brownfield development 

and an increase in urban density. Brownfield development with its link to development and 

consolidation within existing urban areas, rose from 56 percent to 70 percent of all new 

developments within London and the South East between the years 1997 to 2003 and density on a 

national basis has increased from 25 dwellings per hectare to 40 per hectare (Office of the Deputy 

Prime Minister: 2006), again suggesting a rise in consolidation in the face of UK housing 

preferences.  

 

Figure 1 Desirable homes in the United Kingdom (Housing Survey, CABE, 2004) 

 

 

 

 

 

 

 

 

 

Source: MORI
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Q Which one of the home types on this list would you most like to live in?

Semi-detached house

Terraced house

Bungalow

Detached house

Other

None of these

Don’t know

Desirable Homes

Low-rise flat/apartment

High-rise flat/apartment

Base: Adults aged 16+ in England (1,017) Fieldwork 22 September – 19 October 2004 
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Table 1  Housing preferences in United Kingdom by age (Housing Survey, CABE, 2004)  

Preferred house type  

 Age Group Socio-economic 
class 

Ethnicity 

 16-34 35-54 55-64 65+ ABC1 C2DE White BME 

1 Detached Detached Detached Bungalow Detached Detached Detached Detached 

2 Semi Bungalow Bungalow Detached Bungalow Bungalow Bungalow Semi 

3 Terrace Semi Semi Semi Semi Semi Semi Bungalow 

Source:  MORI 

CABE Housing Survey 2004 

The sustained preference for separate - ‗detached‘ - housing in New Zealand is shown by census 

statistics. Between 2001 and 2006 there was an increase in private dwellings of 8.1 percent. In the 

corresponding period separate houses increased by 10.1 percent or 104,292 units. The 2001 and 

2006 censuses showed that separate housing comprised 80.0 percent (1,030,007 units) and 81.2 

percent (1,134,369 units) respectively
1
. There was only a minor percentage change between the 

2006 and 1991 censuses. For the 2006 census the figure was 81.4 percent (950,643) separate 

houses, although the highest level of such housing occurred in 1996 with 82.2 percent of all homes 

(1,050,144) being separate houses. Between the 1996 and 2001 censuses there appears to be a loss 

of 20,137 detached units (pro rata 4027 per year) with a corresponding increase of only 1461 

private apartments or flats. Some of these statistics are summarised in Table 2. A significant 

increase was recorded in dwellings joined to a business which rose from 7119 to 16791, a 135 

percent increase
2
. This trend has important implications for sustainable urban growth, as Jurasovich 

found when researching alternative ways of working in New Zealand. He concluded ― Of the 

selected office types, the Suburban Home Office had by far the lowest environmental impact in 

terms of life cycle energy use and CO2-equivalent emissions” (Jurasovich: 2003: pii). This suggests 

that suburban houses do have a role to play in the future sustainability of New Zealand if they are 

also places of work. 

Table 2  New Zealand housing statistics  

Date 

Separate 

houses Apartments Holiday homes Joined Temporary  Total  Increase 

Census 91       950,643 203,670 6,876 9,279 7,194 1,177,662   

Census 96 1,050,144 209,163 2,565 7,119 7,341 1,276,332 8.3% 

Census 01 1,030,077 298,899 8,811  16,791 5,265 1,359,843 6.5% 

  Census 06      1,134,369     252,963        74,334 houses (not 

defined) 

    10,083   1,471,749     8.1% 

Source: Statistics New Zealand, Quick Stats About Housing, 2006 Census. 

                                                 

1
 These figures exclude occupied non private dwellings such as communes, care facilities and institutions. 

2
 Homes joined to businesses were not separated in the 2006 census. 
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Holiday homes and homes joined to a business were not separated in the 2006 census.  

Between March 1996 and March 2001, there was a total gain of 101,300 households, of which 

78,200 were living in rental properties. For private households this equates to a total gain of 31,100 

or 6,220 per year (Statistics New Zealand Household Estimates 2005). When the number of holiday 

homes built during the period is deducted
3
 there was a total gain of 24,854 or 4,971 private houses 

per year for the period. This is less than the 6,000 to 7,000 housing units that Firth in 1947 

estimated was needed annually to provide housing for the post war population increase (Firth: 1949: 

p4). It should be noted that the immediate post World War II housing demands would be 

substantially different from those of a stable, growing economy (the situation in NZ when the 

censuses discussed above were undertaken) but it does illustrate the demands on the work force 

required for the State Housing programme discussed in Chapter 2. The statistics also indicate a 

movement of responsibility for house building from the individual to the investor. This trend is 

confirmed by a report on housing affordability which found that home ownership rates had dropped 

by 6 percent between 1991 and 2001 to 67.8 percent, with single parent families being particularly 

affected (Statistics New Zealand: 2004a).  A notable statistical change between the 2001 census and 

the 2006 is the doubling of other occupied private dwelling (sic), these being defined as mobile and 

improvised dwellings. The increase was from 5,254 to 10,083. It could be assumed that actual 

figures are higher than those reported as occupants of these dwellings are the most difficult to 

engage in census data collection. None the less, despite all of these changes, the detached dwelling 

remains a very significant part of the New Zealand housing stock. 

 

The current debate on the ‗densification‘ of Auckland (Auckland Regional Growth Strategy, 

Auckland Regional Council: 2007) and other centres also illustrates that New Zealanders are not, as 

yet, prepared to give up the detached dwelling. A 1975 Housing Corporation report found that there 

was a ―…very strong preference for detached rectangular sections, and a very strong rejection of 

„block‟ housing…‖ (Housing Corporation: 1975: p2). Indications are that this preference has not 

changed (Collins: 2005: pA2) although Auckland Regional Council data do show an increasing 

trend towards apartments, with a total of 43 percent in 2005 of all residential building consents 

being for apartments (Table 3). The reasons for this shift in housing type cannot automatically be 

attributed to a preference for apartments or inner city living, as the 450 percent increase in CBD 

apartment numbers since 1995 has to be compared with a 300 percent increase in suburban 

                                                 

3
 From 1996 to 2001, 6246 holiday homes were built, a 70% increase, and it can be assumed that these are second 

homes (Zealand, S. N. (2004b), Vol. 2005 Statistics New Zealand, Wellington, pp. www.stats.govt.nz/census/2001-

housing/default). 
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apartments. Apartments at 38.4 percent of the total remain the lowest home ownership percentage in 

New Zealand (Statistics New Zealand, Census 2006). This could indicate that affordability plays a 

part, with home purchasers preferring stand alone houses if they can afford them.  

Residential building consents  

Table 3  Residential building consents 1995 to 2005 

Year 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 

all 9026 8403 9189 10554 8725 11474 7552 8798 12864 12629 11382 

 

Number of New Apartments 

region 
      
1,340  

      
1,009  

      
1,219  

     
2,403  

      
2,381  

      
3,844  

      
1,876  

     
2,574  

      
5,236  

     
4,566  

      
4,967  

cbd    593    357    326    628    636    773      56    588 
      
2,632  

     
2,089  

      
2,711  

ex 
cbd    747    652    893 

     
1,775  

      
1,745  

      
3,071  

      
1,820  

     
1,986  

      
2,604  

     
2,477  

      
2,256  

 

Total Floor area, New Apartments 

all 
  
170,663  

  
145,674  

  
148,432  

 
242,718  

  
233,597  

  
402,253  

  
201,795  

 
272,463  

  
450,520  

 
432,344  

  
410,753  

cbd 
    
83,408  

    
52,354  

    
43,325  

   
48,020  

    
44,112  

    
75,261  

      
2,520  

   
53,850  

  
159,792  

 
138,061  

  
190,295  

ex 
cbd 

    
87,255  

    
93,320  

  
105,107  

 
194,698  

  
189,485  

  
326,992  

  
199,275  

 
218,613  

  
290,728  

 
294,283  

  
220,458  

 

Average Floor area, New Apartments 

all 
         
127  

         
144  

         
122  

        
101    98            

         
105  

         
108  

        
106    86                  95         

           
83  

cbd 
         
141  

         
147  

         
133   76             69              97           45            92          61               66          

           
70  

ex 
cbd 

         
117  

         
143  

         
118  

        
110  109          

         
106  

         
109  

        
110  

         
112  

        
119  

           
98  

Source: Auckland Regional Council, 22/11/05 

 

These data confirm a general trend towards greater urban density, the reasons for which have not 

been fully verified by research. Reasons given for the trend include employment factors, alternative 

uses for central city office buildings left vacant following the 1987 stock market crash, immigration 

and rising land costs (Statistics New Zealand: 2005: p4). The latter has made apartments more 

affordable overall compared to stand alone houses, although apartment costs per square metre are 

comparatively high. Some Wellington 35m
2 

apartments cost $5000/m
2
 and in Auckland a 21m

2
 

apartment can cost $8333/m
2
 including land (Marriage: 2003: p48). 

 

Recent statistics provide an insight into the demographics of inner city residences in Auckland. 

These show that there is an increasing inner city population which is mainly young (25 percent aged 

between 20 and 24 years), unmarried (31 percent couples, matrimonial status not specified, 31 

percent flatmates and 21 percent alone), childless (parents with children 9 percent), tenants (71 
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percent), Asian (31 percent but only comprising 7 percent of the total population) and reasonably 

well paid ($26,500 income compared to the NZ average of $18,900) (Statistics New Zealand: 

2005). For the purpose of this thesis, one conclusion can be drawn from these statistics. Given the 

lack of children in apartments, it seems that apartment dwellers are likely to move to the suburbs 

when starting a family. This could in part be attributed to lack of space for child rearing. Between 

1995 and 2005 there was a downward trend in average apartment floor areas in Auckland with a 

low point of 45m
2 

reached in 2001 (Marriage: 2003). 

 

Because of historical precedents and current census evidence, it can be assumed that in the 

foreseeable future suburbs will continue to be developed and that much of the development will 

occur on green field sites and be detached houses. Auckland Regional Council estimates that 

Auckland will require another 5000ha of greenfield sites on the outskirts of the city by 2050 to 

house its anticipated population of 2 million. This will mean a 10 percent increase in the current 

metropolitan area with additional land needed if ‗densification‘ of the existing city does not take 

place (ARC, The New Zealand Herald 24/05/05). If this scale of expansion is necessary, then it 

would be prudent to suggest that better utilisation of existing suburban resources and alternatives to 

current suburban concepts are considered.  

Retrofitting 

The question of whether to retrofit or rebuild has been considered in the UK (Roaf et al: 2003), with 

the conclusion that retrofitting is preferable if the total embodied energy of the materials used is less 

than that of a new building (this will be discussed further in Housing Lifecycle: p17). Thermal 

improvement was considered essential in any retrofit, and it was concluded that over a 50 year 

period, the operational energy used in a UK residential building was approximately four times the 

initial embodied energy (Roaf et al: 2003: p47-49). This information makes it important that 

consideration is given to life cycle analysis, when discussing what type of houses to build. 

Maintenance, extension of life, thermal improvement and materials recycling are also critical for the 

calculations, and a house type that is what people want is more likely to be maintained over its life, 

and hence have its useful life prolonged. The two most important factors when retrofitting would be 

satisfactory insulation, to reduce operational energy and/or improve comfort, and the extension of 

years of use, as the environmental impact would be reduced in proportion to the length of the 

building‘s life. In addition, the operational energy use of a building is influenced significantly by air 

infiltration. In addition, the operational energy use of a building is influenced significantly by air 

infiltration. Air infiltration, measured in air changes per hour (ac/h), is produced by differences in 

internal and external air pressures which are generated by wind and temperature. Very little 
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consideration has been given in New Zealand to airtight construction apart from the need to have a 

reasonable standard of workmanship, although any building can deteriorate over time. Retrofitting 

provides an opportunity to improve internal air temperature by reducing the number of air changes 

per hour. Undertaking this upgrading is not without difficulties, as found in a recent State Housing 

study. Problems in this study included locating contractors to undertake the work, the expense of 

installing better fitting double glazed windows, carpentry problems and details not performing as 

expected. The removal of internal moisture also created shrinkage in existing timbers, which could 

lead to greater infiltration levels. (Lloyd: 2006: pB).   

 

Birkeland states that for urban areas to be sustainable they must be ―…redesigned to work within 

the carrying capacity of their bioregion…‖ (Birkeland: 2003: pp1-20) and that this would best be 

achieved by using a ―whole systems design approach‖. This is a more comprehensive view of 

sustainability than that based on an individual building‘s performance, taking into account 

ecological, physical and social systems by considering “whole” urban structures and infrastructure. 

Birkeland considers that government leadership is essential with the ―…retrofitting program 

need(ing)(sic) to be structured in such a way that the benefits are distributed as widely as possible, 

yet are attributable to government…‖  The pivotal elements of ecological retrofitting were 

considered to be  “…whole systems design with due regard to neighbourhood and regional context, 

the need for urban ecosystem services, and the use of passive solar design principles: and a 

structure designed to foster eco-innovation transfer and adoption…”  She concludes that there are 

financial as well as ecological and social benefits from retrofitting and outlines a scheme that 

proposes attaching retrofitting debt to the building rather than the owner. Among the additional 

advantages of retrofitting are the improvement of ecological design skills, consumer choice and the 

opportunity for a neighbourhood perspective. Competition between accredited contractors 

―…trained in whole home retrofitting methods‖ was seen as essential, as programmes that promoted 

―add-ons‖ potentially excluded passive solar design, urban ecology principles, and a ‗whole 

systems‘ methodology. Audit and design options undertaken by the private sector were also seen as 

detrimental to an all-inclusive retrofitting programme as it was considered that these could result in 

the subsidisation of one firm. Instead having free household audits and design options provided by 

government-led teams was viewed as more ―proactive‖ (Birkeland: 2003: pp1-20). Such a 

comprehensive “designing or retrofitting” of urban areas in New Zealand would require a 

fundamental shift in the current philosophy of government, territorial authorities, lending 

institutions and developers, and would require government intervention in the building sector along 

lines similar to the state housing programme undertaken after World War II. Although a programme 
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of this scale would result in a considerable improvement in New Zealand‘s built environment, there 

would appear to be little support within government and the ―free market economy‖ for this type of 

intervention. The tentative nature of the government approach to retrofitting is illustrated by the 

recent state housing insulation programme, within which only the easily accessible areas of floor 

and ceiling will be insulated (www.beehive.govt.nz sighted 15 May, 2008), and the Housing New 

Zealand modernisation programme which compares the value of the property with the cost of the 

work as a criterion for selection (www.hnzc.co.nz sighted 15 May 2008). This appears to be an ad 

hoc approach without consideration of the overall potential that state intervention in housing retrofit 

programmes could offer to sustainable urban environments. 

 

In a paper on sustainable suburbia, Rodger and Fay (1991) investigated the question of how a 

typical Australian suburb could be converted to a more sustainable system of settlement, and 

predicted that redeveloping the characteristic Australian suburb would offer ―…significant 

opportunities for reduction of environmental impact and enhancement of social, economic and 

cultural environment.”  The paper explored key ―life support systems‖ such as energy, water, waste, 

food production and recycling, arguing that ―…conversion, extension and re-development of this 

[building] stock becomes an essential component of a sustainable development strategy‖. Using a 

study zone of twelve continuous blocks, it was proposed to redevelop the area over a 20 year period 

incorporating the key systems specified above. Infill and house conversion were seen as an 

opportunity to encourage ―… commercial and social activities…‖ where mixed use would offer the 

prospect of employment close to living quarters and allow the ―…reformulation of work…‖ which 

was considered to be ―…an integral part of a sustainable future.‖ The conceptual intensification 

was achieved without repositioning the existing houses and allowed for public and private car 

parking in areas created behind the houses, reducing the resources consumed by wasteful individual 

house driveways. A fundamental component of their argument was community acceptance and 

involvement in the concepts that would reduce the reliance on public utilities by localising energy 

harvesting and production.   

 

Ghosh, researching sustainability indicators for residential areas of Auckland, concluded in respect 

of the study, that ―…the most sustainable urban form was the low-density (18 households/hectare
4
) 

block…‖ (Ghosh: 2003: p219). This theoretical research suggests that the ―sustainable‖ potential 

offered by existing low-density housing is greater than that of higher density residential blocks 

(Ghosh: 2003: p211) and that further ―enhancing‖ of the potential could be achieved by better 

                                                 

4
 This equates to 7.3 houses per acre or 555m

2
 per household. 

http://www.beehive.govt.nz/
http://www.hnzc.co.nz/
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penetration of public transport into the suburbs, the pattern of which is, according to Barton,  ―… 

too important to be left to the operators‖ (Barton et al: 2003: p123). The key ―sustainable‖ 

indicators in Ghosh‘s thesis were domestic energy use, transport, carbon sequestration, food and 

waste (Ghosh: 2003: p217), with the two dominant indicators being domestic energy use and 

transportation. Ghosh developed a research methodology using aerial photographs to calculate 

productive land area and solar energy collection potential. Carbon sequestration was calculated 

using aerial photos validated by surveying in person. Potential food yields from the chosen blocks 

were calculated by subtracting the site coverage, including an allowance for garden and foliage 

correlated to the site area, from the total site area. The resulting area was multiplied by a known 

production factor in Joules per m
2 

(Chhima: 2002: p149-150). The research concluded that 103 m
2
 

of garden would produce 43 percent of the vegetable requirements of an average household (2.9 

persons in 1994) (Ghosh: 2003: p167). Household waste calculations were based on the assumption 

that 49 percent of waste was organic and therefore able to be composted within the house plot. The 

final analysis concluded that waste as an urban sustainable indicator was negligible at a local level. 

This thesis will in part consider the practical verification of Ghosh‘s research, while investigating 

two main additional questions: the national potential for improving the sustainable aspects of the 

existing New Zealand housing stock, and how this potential could be realised in practice.  

Housing lifecycle  

Early on it was estimated by Macdiarmid that a 100m2 lightweight timber framed ‗Neil‘ house in 

New Zealand had an embodied energy content of 2.6 GJ/m2 (Macdiarmid: 1978: p92).  If this figure 

was applied to the total New Zealand detached housing stock and assuming an average NZ house 

floor area of 100m
2 

it would produce a figure of  267820020 GJ (2.6 GJ/m
2
 x 100 m

2
 x 1030077 = 

267820020 GJ) of embodied energy in housing in 2001. This would be a conservative estimate as in 

the 1980s the average floor area for a new NZ house was 146m
2
, in the 1990s it was 173m

2
 and in 

the early 2000s 194m
2
 (Mithraratne et al: 2007: p151). Johnstone estimated the embodied energy of 

the 1996 National Modal House to be 2.75 GJ/m2 using the embodied energy coefficients of 

building materials tabulated by Alcorn (1998) (Johnstone: 2004). Mithraratne, estimated the figure 

to be 1.709 GJ/m
2
 for light timber framed construction (Mithraratne et al: 2001: p181) with the 

differences explained by the system boundaries and the assumptions used (Mithratatne: per.com. 1 

June 2005). Mithraratne‘s modelling would provide an embodied energy of 176040159 GJ (1.709 x 

100 x 103007 = 176040159 GJ). The standard BIAC house, which Mithratatne used for calculation, 

has increased in area over time from an average of 94m
2
 to 170m

2
. These figures illustrate the 

difficulties in estimating the embodied energy in the existing housing stock, difficulties which are 

compounded by the need to estimate how the houses are constructed. Because of usual trade 
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practices prior to 1978, it would be reasonable to assume that a high percentage of pre 1978 houses 

were timber framed, with a recent increase in the number of masonry houses (Mithraratne: 2007: 

p121). 

 

For energy efficiency, the year of 1978 was important because wall, ceiling and floor insulation 

became mandatory in new New Zealand houses. Prior to this date only the Christchurch local 

bodies required insulation for houses, starting in the early 1970s (Nigel Issacs: per.com. 9 June 

2005). The 1976 total New Zealand housing stock was 796,950 units of which 745,480 were 

detached houses (Statistics New Zealand, Provisional National Statistics: 1976). It is difficult to 

estimate the number of houses that have been removed from the total housing stock between 1976 

and 2001, but using a simple average of 1 percent demolished annually, the existing housing stock 

could include nearly 600,000 houses that are uninsulated. It is likely that as the housing numbers 

have grown in recent years, a greater proportion of older houses have been demolished and an 

additional number retrofitted with ceiling insulation. There exists considerable anecdotal evidence 

that upgraded houses frequently do not have wall insulation installed because of the difficulty of 

installation and the fact that what cannot be seen does not add value. It could be surmised, therefore, 

that one third of New Zealand‘s current housing stock is uninsulated or not insulated to the current 

Building Code requirements and that this third represents a conservative embodied energy 

investment of 85450000 GJ (1.709 x 100 x 500,000).  

 

The economic life of a dwelling is considered complete when the vacant site (including demolition 

costs) has a greater value than the land and building combined (Heilbrun & McGuire: 1987). 

Johnstone has estimated that the average service life of New Zealand dwellings is 90 years or 

greater (Johnstone: 2004)
5
 and that the replacement level of the New Zealand housing stock in 2001 

was 11,000 units based on the 2001 permanent dwelling total of 1,436,600 units (Johnstone: 2004). 

This is 0.76 percent of the total stock. Dwelling demolition statistics are no longer collected or 

published by Statistics New Zealand and the annual numbers can now only be estimated
6
 (see Table 

4 below). A number of mathematical formulae exist for this purpose, including Johnstone‘s 

mentioned above. However, what can be deduced from the limited data is that a considerable 

portion of the current available New Zealand houses are detached, timber framed, and effectively 

uninsulated.  

 

                                                 

5
 Current New Zealand stock could be expected to last up to 130 years (Jones, M., Build, August/September 2005, p44) 

6
 Statistics New Zealand states there are 400 demolitions per year but the true number is estimated at 2000 per year 

(Page, I., Build, April/May issue, 2008, p.1).  



Chapter 2 Introduction and existing research 

(Sub)urban Directions   Bryan Pooley     19 
 

Table 4  Estimated existing housing stock dating from 1977 and earlier 

      

Year Number Year Number Year Number  Year Number Year   

1976 796950 1982 750313 1988 706404 1994 665066 2000 626146 

 7970  7503  7064  6651  6261 

1977 788981 1983 742809 1989 699340 1995 658415 2001 619885 

 7890  7428  6993  6584  6199 

1978 781091 1984 735381 1990 692347 1996 651831 2002 613686 

 7811  7354  6923  6518  6137 

1979 773280 1985 728028 1991 685424 1997 645313 2003 607549 

 7733  7280  6854  6453  6075 

1980 765547 1986 720747 1992 678569 1998 638859 2004 601474 

 7655  7207  6786  6389  6015 

1981 757892 1987 713540 1993 671784 1999 632471 2005 595459 

 7579  7135  6718  6325     

Measuring sustainability  

Modern urban living offers a wide choice of lifestyles, and in New Zealand the choice is usually a 

personal decision. The implications for the environment of these choices are substantial as 20 

percent of the world‘s population are responsible for 86 percent of the private consumption (Human 

Development Report 1998: p3 in Chambers et al: 2000). There are several formulae for measuring 

the human impact on the planet, including the Natural Step, Environmental Space and World3 

methods. The most comprehensible but possibly not the most comprehensive, is the Ecological 

Footprint method developed by Wackernagel and Rees and published in 1996. A country‘s 

ecological footprint is described in the Living Planet 2004 Report as ―…the total area required to 

produce the food and fibre that it consumes, absorb the waste from its energy consumption, and 

provide space for its infrastructure.‖ With this method a country‘s resource consumption is 

aggregated irrespective of the place of production. Holland, for example, has a environmental 

footprint of fifteen times the area of the country because of its need to import resources to maintain 

the current standard of living (Wackernagel and Rees: 1996: p15). This method is not without its 

critics (Van Kooten and Bulte: 2000), (van den Bergh and Verbruggen: 1999), (Pearce: 2000) but it 

offers scales of quantification from an individual‘s ―footprint‖ to world consumption. In 1996 

Wackernagel and Rees estimated that if the then world‘s population was to live at North American 

standards, an additional two worlds would be needed (Wackernagel and Rees: 1996: p15). In 

Sharing Nature‟s Interest, figures show an average of 9.6 and 7.2 hectare per capita in 1999 

respectively for United States and Canada. New Zealand‘s footprint was given as 6.5 hectare per 

capita (Chambers et al: 2000: pp122-123). The Ecological Footprint environmental analysis method 

offers an easily understood and scaleable model which offers accuracy within acceptable limits.  
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In Sustainable Indicators – measuring the immeasurable the authors argue cynically that having a 

flexible definition of the term ―sustainability‖ could allow all definitions to remain ―…fashionable 

and mainstream…‖ (Bell and Morse: 1999: p12). This broad investigation of sustainable indicators 

(SI) contends that the measuring of sustainability in absolute terms is ―…non viable.‖ (Bell and 

Morse: 1999: p126) and that as a concept, sustainability is changed by the perception of the 

onlooker and that this perception will also change with time. This book is developed around three 

premises: 

1) eclectically derived, systemic wholeness;  

2) the perception of systemic wholeness that derives from legitimate sources; 

3) the sustainability of wholeness which is under observation.  

 

These premises are developed into a hypothesis for ―…systemic and scenario-based sustainability 

analysis…‖ (Bell and Morse: 1999: p131). Where the Ecological Footprint model sets out to make 

the present environmental situation comprehensible to a broad range of the population, Sustainable 

Indicators aims to develop via a systematic approach, different scenarios involving different interest 

groups for the same sustainable project. These projects may be part of something larger that would 

require comprehensive organisation at a local, national or international level and a significant 

degree of structure in order to develop a set of sustainability indicators. Because of this complexity 

and large scale, this thesis adopts the simpler principle of the Ecological Footprint, which provides 

a methodology to measure and compare environmental impact at the scale of the house.  

Potential of NZ suburbs to be sustainable 

The size of New Zealand plots was settled in the 1830s at an area that was considered capable of 

sustaining a family autonomously. In Wellington and Nelson this was set at one acre, although a 

contemporary commentator, Whitehead, recommended half an acre as being sufficient to supply all 

the legitimate needs of the settler warning that ―…anything more makes the town absurdly large‖. 

Mainly because of the speculative land subdivision that followed the establishment of Wellington in 

1839, the New Zealand Company reduced the plots to a quarter acre (approximately 900 m
2
) (Dart: 

1963: pp24-25) and this plot size was later entrenched in the State Housing Programme, which saw 

such a plot as being able to support the home growing of vegetables as well as providing 

somewhere for children to play (Schrader: 2005: p139). These historically generous plot sizes 

coupled with a temperate climate, ample sunshine and adequate rainfall uniquely position New 

Zealand to redefine suburbia to be much more sustainable. This, in turn, could provide affordable 

housing with convenient shopping in a healthy, less polluted environment with a greater 
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biodiversity than that offered by high density housing. This approach also has the advantage of 

basing a move towards sustainability on the desired norm of the detached house on the large plot.  

Summary 

With over 80 percent of New Zealand‘s current housing being provided by detached dwellings, it is 

essential for urban and cultural sustainability that research is conducted into the potential offered by 

this housing model. With its light timber framed houses and generally large suburban sites, New 

Zealand is in a unique position to develop sustainable solutions based on the productive household, 

without substantially changing the cultural suburban aesthetic. The opportunity offered by the 

detached housing type for flexibility of use, building recycling and relocation, localized food 

production, reduced energy and water usage, reduced waste to land fill, improved carbon 

sequestration, reduced storm water runoff, renewable energy generation and environmental and 

social enhancement may in sum prove to be a more sustainable urban model for New Zealand than 

the compact city. 
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Introduction 

There are many myths about suburbs. Two of the most common are that they are a western 

phenomenon and that they are a modern form of urban design. In fact, archaeological evidence has 

substantiated that a suburb existed four miles from the city of Ur in Mesopotamia (3000-2400 BC), 

and early Egyptian cities had villas at a distance from their centres (Thorns: 1972:  p35). From these 

pre-Christian times the suburb has evolved and developed, until in the English speaking world, it 

has become the dominant form of urban living (Carr et al: 2001: p182). The definition of suburbia is 

now established as the concept of a mainly residential district attached to a town or city although 

Palen considers that defining suburbia ―…is becoming less and less possible‖ and that suburbs are 

becoming ―…more than mere places of residence‖  (Palen: 1995: pp218-219). 

  

The linguistic origin of the term ‗suburb‘ derives from medieval Europe, where a sub urbe was 

defined as a quarter outside of the urbe, usually a fortification. Frequently these quarters contained 

the more notorious trades such as tanning, and there is evidence that these areas were planned 

(Harris and Larkham: 1999: p3). Because of this, in Europe, prior to the 19
th

 century, the term 

―suburbs‖ was generally used to describe the unsavoury areas of the city and frequently these were 

equated with the prostitutes‘ quarters. The term ―suburban‖ was also used derogatively to describe 

the narrow views and lower manners of the residents (Gray and Duncan: 1978: p297). From this it 

is easy to see why the term ‗suburban‘ has often implied something that is not as good as it should 

be. 

Britain  

There is universal academic agreement that suburbs, as a form of modern urban design, began in 

Britain (Thompson: 1982: p8), (Thorns: 1972: p35), (Harris and Larkham: 1999: p8), (Fishman: 

1987: pp18-38), (Edwards: 1981: p11). The debate focuses on the date of origin and this could be 

considered a question of definition. According to Dyos, suburbs appeared outside the City of 

London, south of the River Thames as early as the tenth century (Dyos: 1954: pp53-75). This was 

partly due to the construction of the first London Bridge and because of the hold the Guilds, located 

in the City, had over the establishment of new businesses in London. These areas became the refuge 

and business places of foreigners, along with the urban poor. By the sixteenth century these 

suburban functions were developing in parallel with the ―mansions and suburban gardens‖ of the 

wealthy, which were located at a greater distance from the City of London.  
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Thompson, in the Rise of Suburbia, takes a more restrictive position and considers that ―…detached 

and semi-detached houses built for single family occupation are of the suburban essence, and that 

such houses did not exist before the nineteenth century…‖ adding that the development of the Eyre 

Estate in St John‘s Wood, conceived in 1790 and developed in 1815, was the first of this type and 

that its housing style ―…became the origin, through much mutation and debasement, of virtually all 

suburban houses‖ (Thompson: 1982: p8). Edwards considers that the ―…first piece of suburbia to 

be built …‖ was Park Village designed by John Nash in 1824 but agrees that St John‘s Wood was 

the first true suburban layout (Edwards: 1981: pp13, 33). This design innovation coincided with a 

worldwide trend towards urbanisation. As an example, London was to experience an unprecedented 

surge in population, more than doubling its size to two million citizens over the fifty years 

following the time of the first suburban development in 1815 (Fishman: 1987: p118). Thompson 

considers the period from 1815 to 1939 to be the core period of suburban development and sprawl, 

going on to describe post World War II British reconstruction as being ―…expressed on the ground 

more in the shape of physically distinct dormitory towns, urbanized villages, and infilling and 

redevelopment in older suburbs, than in any massive suburbanization of the outer fringes of existing 

settlement‖ but he also conceded that provincial towns at that time ―…replicated the existing 

suburban mode…‖ (Thompson: 1982: p2).  

 

It is generally agreed that the increasing development of roads and bridges in the latter part of the 

eighteenth century made possible the growth of London‘s suburbs to accommodate an increasing 

population (Thorns: 1972: p37) and an increasingly wealthy, merchant elite (Fishman: 1987). The 

omnibus, which first appeared in 1829, had a profound effect on suburban development by reducing 

the cost of travel and thus allowing the middle class to commute greater distances to their places of 

business or work (Thorns: 1972: p37). Another contributing factor, mentioned earlier, was the 

perception that the new suburban houses and layout were an improvement over the monotony of 

Georgian terraced housing (Edwards: 1981: p26).  

 

Nineteenth century architectural critics are described by Thompson as being appalled by the  

―…mindless, creeping nature of the sprawl with its apparently insatiable capacity for devouring 

land, destroying the countryside, and obliterating scenery for the supposed purpose of enabling 

more people to live in semi-rural surroundings‖ adding that suburbs were ―…generally viewed with 

distaste, ridicule, or contempt‖ (Thompson: 1982: p3). Writing in 1875 at a period of rapid 

suburban expansion, an urban commentator, Helps, described the sprawl thus ―…this ugly lot of 

suburbs would join with that ugly lot, and that there would be one continuous street” (Helps 1875, 
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in Harris and Larkham: 1999: p6) and Peel considered that ―…the suburbs of any large town 

appear to me destestable” (Peel 1898, in Whitehead and Carr: 2001: p11). 

 

By contrast, the Picturesque movement contrasted the virtues of countryside, which included 

provision of appropriate cottages and gardens within the wider landscape, with the sordidness of 

urban life as conveyed vividly by the 19
th

 century socialist Friedrich Engels in the Conditions of the 

Working Class in England. Describing a walk through the industrial slums of Manchester Engels 

said ―Everywhere in front of the doors were rubbish and refuse, it was impossible to see whether 

any sort of pavement lay under this, but here and there I felt it out with my feet. This whole pile of 

cattle-sheds inhabited by human beings was surrounded on two sides by houses and a factory and 

on a third side by the river…‖ (Engels and Kiernan: 1987: p90). In response to the urban conditions 

described by Engels, progressive industrialists sought to provide their workers with improved 

housing. One example was the Cadbury brothers with their development of ‗the factory in the 

garden‘ at Bournville, commenced in 1879. The vision was to improve workers‘ housing conditions 

by providing low density suburban villas and various cottage types, both detached and semi-

detached (Darley: 2007: p138). This development was later relaunched in 1895 as a garden suburb 

(Whitehead and Carr: 2001: p8). The concept of combining the garden with the urban house and 

ultimately the development of the garden suburb could be considered to have had its origins in the 

―…evocative pastoral scene(s) that appealed to the Picturesque theorists…‖ that ―…enslaved the 

architects of the Garden City movement and their successors‖ (Darley: 2007: p29). If Darley‘s 

statement is accepted then the two concepts of according with good taste through emulating the 

principles of the picturesque and having the benefits of low density for health could be considered 

to be the underpinnings of the garden suburb. In due course, these ideas were incorporated in a 

wider view that allowed nature a place in the modern city through provision for parks and suburban 

gardens.   

 

From the time of Engels‘ writing to the end of the 19
th

 century, the population of London increased 

from 2.3 to 6.6 million (Jahn, in Thompson: 1982: p94) with most of the increase coming from rural 

migration. This population growth created a housing demand that resulted in three periods of 

relatively uncontrolled building activity, which in turn produced local employment opportunities. 

These cycles, comprehensively documented by Jahn, can be directly linked to the availability of 

land, the ease of credit and the number of available houses, and were caused by the boom and bust 

of the building industry (Jahn, in  Thompson: 1982: p144). These building booms created much 

unplanned urban growth along with overcrowding and unhygienic, slum conditions. Ebenezer 
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Howard, a theoretical idealist working at the end of the 19
th

 century, considered the migration of 

rural people to the cities the essence of the problem and posed the question, ―What…can possibly be 

done to make the country more attractive to a work-a-day people than the town – to make wages, or 

at least the standard of physical comfort, higher in the country than in the town; to secure in the 

country equal possibilities of social intercourse, and to make the prospects of advancement for the 

average man or woman equal, not to say superior, to those enjoyed in our large cities?‖ (Howard: 

1998: p6). The answer devised by Howard was the ―garden city‖ - a built form which encompassed 

social ideals where ―physical comfort‖ was given equal priority with ―make [making] wages‖ and 

where women would have equal opportunities. Howard concluded that social reform could be 

achieved through improved urban design. His theories were in reaction to the sprawling, haphazard, 

recent suburban developments and offered a ―fusion of town and country‖ the ―…third 

alternative…‖ that of the town in the country (Howard: 1998: p7). His vision was a complete break 

from suburban expansion on the edges of existing cities. Each garden city would have a maximum 

population of 32,000, would offer work opportunities, have allotments for residents to grow their 

own vegetables and provide access to rural recreation. Each would be connected to a larger 

metropolitan area by public transport. A fundamental utopian concept was that ownership of the 

land would be held by the local community and ―…developed in the public interest‖ (Ward: 1992: 

p29). These ideals attracted a large number of socialists to the first garden city development in 1903 

at Letchworth, Hertfordshire, of ―…about 3,800 acres‖ that developed into a ―…considerable 

town‖ (Unwin: 1994: p2). This town, developed by the Garden City Company, attracted criticism 

for the ―extreme views‖ of some of the residents but the mundane politics of a town‘s functioning 

disillusioned most of these idealists, especially the failure to maintain low rents (Meacham: 1998: 

p127). However, one resident stated that ―We have no feudal survivals, no slums, no snobbery,‖ 

(Meacham: 1998: p128) which indicates that some of Howard‘s goals were realised. From the 

viewpoint of a discussion of suburban development, however, housing in the garden city still had 

attributes of the best of suburbia, with the emphasis on single family houses with gardens. 

 

Palen, discounting the achievement of Letchworth and the fact that it continues as a successfully 

functioning town run by the Garden City Heritage Foundation,
7
 states ―Were it not for World War 

II, Howard‟s garden cities would have properly remained a quaint experiment‖ (Palen: 1997: 

p361). He takes the view that the concepts of decentralisation through building new towns and 

limiting suburban expansion by the formation of green belts, aspects introduced by the 1944 Greater 

                                                 

7
 The Letchworth Garden City Heritage Foundation owns and manages a 2040 hectare town worth 83 million pounds 

with the income generated being used to ―…maintain, improve, and develop the estate and to support its charitable 

activities.‖ (Friedman, A. (2002) Planning the new suburbia: flexibility by design, UBC Press, Vancouver.) 
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London Plan, were more influential and gave greater emphasis to new development than Howard‘s 

theories. What is of relevance here, however, is that although suburban expansion around existing 

cities was to some extent contained, new housing in both NZ and in the new towns in the UK was 

still mostly on the suburban model. Only inner city redevelopment after World War II embraced the 

high density, high rise, housing model in preference to the low density low rise. 

 

The question remains as to why the low rise housing model was so successful. This can be traced 

back to the garden cities. The architects engaged for the planning of Letchworth were Barry Parker 

and Raymond Unwin and, like Howard, they were influenced by John Ruskin, William Morris and 

the Arts and Crafts Movement. The architectural partners, Parker and Unwin, had established their 

credentials designing middle class houses that were ―…influenced by [Arts and Crafts architects] 

Voysey and Baillie Scott...‖ (Miller: 1989: p40). Later they designed New Earswick, a small 

development for the working classes built by the industrialist Seebohn Rowntree on the outskirts of 

York. New Earswick proved to be ―…a valuable testing ground for housing design and layout‖ 

(Miller: 1989: p43). This experience was used by Parker and Unwin at Letchworth. Their reaction 

to the ―squalid slum(s)‖ and the ―dreary suburb‖ (Unwin: 1994: pxiii) evolved into an economic 

argument for low density housing based on village aesthetics. Their concepts were not founded 

purely on appearance but extended to the social organisation and the development of community, 

assisted by generating a sense of place ―…by a general harmony in colour and style of the buildings 

…‖ through the use of local materials (Unwin: 1994: pxii). They also promoted a ‗hierarchy of 

infrastructure‘ in Hampstead Garden Suburb which followed in 1906, almost immediately after the 

1905 Cheap Cottage Competition, which had made Letchworth a focus of interest.  At Hampstead 

this infrastructure concept was formulated into roads that were progressively shortened and 

narrowed to bring ―…a respect of approach to the domicile‖ (Unwin: 1994: pxxii). At Letchworth 

the cul-de-sac was introduced not only as a means of reducing development costs (Edwards: 1981: 

p84) but also to promote a sense of community by effectively closing off a group of houses from the 

linking roads. 

 

Parker and Unwin were also influential in setting the standards for frontages and density of 

suburban housing. Frontages were set according to the type of cottage. These varied from 20 to 25 

feet (6.1m to 7.6m) and density was at 12 houses per acre, although in 1902, a year prior to starting 

the design of Letchworth, they had amended this to a maximum of 20 to 30 houses per acre 

―…except under very great pressure‖ (Unwin: 1994: pxiv). The argument for lower housing 

densities did not necessarily mean, to Unwin, that the houses would be detached; in fact he 
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considered that similarly set back houses with ―little gardens‖ and fences were reminiscent of 

―cattle-pen(s)‖ and ―devoid of beauty‖ (Unwin: 1994: p353). He argued for clusters of houses that 

allowed the shared enjoyment of the wider ―green or garden‖ and where possible ―…playgrounds 

for the children…‖ were to be provided (Unwin: 1994: p381).  

 

Town Planning in Practice, published by Unwin in 1909, was written partly as a response to what 

he viewed as the ―…desirability of a proper system of town planning.‖ He deplored the fact that 

―…open green fields, are now covered with dense masses of buildings packed together in rows 

along streets which have been laid out in a perfectly haphazard manner, without any consideration 

for the common interests of the people‖ (Unwin: 1994: p2). He was impressed by the response to 

the type of town development proposed by the German, Horsfall, whose book, The Example of 

Germany, offered solutions similar to Howard‘s but in Unwin‘s opinion less theoretical and 

therefore not based on ―…kind of evidence the Englishman likes…‖ (Unwin: 1994: p4). 

Consideration of art and history were important for the urban designer, according to Unwin, and he 

admired the town planning of the Greeks, describing the treatment of bends at the ruins of Palmyra 

as ―…very impressive‖ (Unwin: 1994: p38). Straight streets, he said, were ―…monotonous and 

destructive of street pictures‖ (Unwin: 1994: p237) and he described the American gridiron city 

pattern as inconvenient and monotonous (Unwin: 1994: p90). However, he did acknowledge the 

superior economics of the layout (Unwin: 1994: p235), especially the ease of movement for motor 

vehicles and electric trams. The modern suburb with its curving street and detached houses can thus 

be traced back to the influence of Unwin, although for Unwin the use of the curve was to create a 

picturesque environment, where there was always the expectation of finding something different 

around the next corner. (Curves in the modern suburb in fact have no such function, as the houses 

around the corner and the way they sited are usually just the same as everywhere else.)  

 

Such was the prevalence of the suburban model, whose history has been briefly traced above, that 

by the mid 1990s, 84 percent of the population of England and Wales in lived suburbs (South east 

England Regional Assembly: 2004: p2).  

United States of America 

In the New World the reasons for urban expansion and the type of urban development that resulted 

were not the same as in the old. At the beginning of the 19
th

 century only 3 percent of Americans 

lived in urban areas (Thorns: 1972: p61) and the preference of the American bourgeoisie at that 

time was for row houses rather than the detached and semi-detached houses of their British 

counterparts. Villas existed on the outskirts of New York, Philadelphia and Boston but these were 
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summer residences and ―retirement homes‖ which did not contribute to any community cohesion. 

Brick and brownstone row houses remained representative of urban America through to the late 

nineteenth century (Fishman: 1987: p117-118) although small pockets of detached houses could be 

found in some cities (Hayden, 2003: p47). This era also ushered in a period of rapid economic 

growth and industrialisation that resulted in a corresponding growth in the urban population, mainly 

through immigration as the cities‘ ―…own birthrates were inadequate for much net growth‖ 

(Clawson and Hall: 1973: p10). These working class immigrants occupied urban tenements and 

there was little suburban development until 1870, when cheap land and houses could be constructed 

by their future owners through using ―sweat equity‖, bringing an expanding housing movement to 

the city edge (Hayden: 2003: p12). This movement also corresponded with the development of the 

electric streetcar, which was perfected towards the end of the century, and allowed the creation of 

middle-class ―street car suburbs‖ many of which were ―…ethnically and racially exclusive…‖ 

neighbourhoods (Palen: 1997: p78). This period also gave rise to the modern ―industrial suburb‖ 

where housing was sited close to the place of employment, a move which was to become embedded 

in the American urban structure (Harris and Larkham: 1999: p148). Streets were laid out on a strict 

grid pattern and little ―…creative energy went into the design of the rapidly multiplying new towns‖ 

(Palen: 1997: p339) with cities adopting a process of lateral expansion replicating the existing street 

pattern. The natural contours of the land were given very little consideration.  

 

In America, the 20
th 

century  was one of suburban growth, particularly after 1945 when the lack of 

suitable building land in the city, the relatively low cost of land around it and a preference now for 

single family houses drove the suburban expansion (Thorns: 1972: p66). By the end of the twentieth 

century there were more Americans living in suburbs than in the combined areas of the central cities 

and rural regions (Hayden: 2003: p10) and surveys have indicated that the suburban life-style is the 

life-style that still appeals to most Americans (Palen: 1997: p471). Currently in the United States
8
 

and Britain
9
 most of the population is (sub)urbanised (Clawson and Hall: 1973: p11). 

Australia 

If Thompson‘s view that Britain‘s ―…sprawling phase…‖ of suburban expansion was completed by 

1939 can be accepted (Thompson: 1982: p3), then as this period was concluding the suburban 

expansion of Britain‘s old colonies was just starting to surge ahead. Dingle partially endorses 

Thompson‘s analysis, stating that post World War II ―Britain, …chose to create new towns and also 

                                                 

8
 79.1% urbanised in 2000 see http://globalis.gvu.unu.edu/indicator_detail.cfm sighted 18/05/05 

9
 88.9% urbanised in 2000 see http://globalis.gvu.unu.edu/indicator_detail.cfm sighted 18/05/05 

http://globalis.gvu.unu.edu/indicator_detail.cfm
http://globalis.gvu.unu.edu/indicator_detail.cfm
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to build high-density accommodation within existing cities; while in the United States, low-density 

suburbs of detached homes were built…‖ He continues to say that ―Australia…chose the latter 

approach‖ (Dingle, in Harris and Larkham: 1999: p189). 

 

Australia‘s preference for suburban living can be traced back almost to ―…the beginning of 

European settlement…‖ (Dingle, in Harris and Larkham: 1999: p190). Ownership of a house in the 

suburbs became a part of the national self-image to the extent that Robin Boyd, writing about the 

bungalow in 1952, was able to say ―Ownership of one on a fenced allotment was the unquestioned 

ultimate goal of the average Australian, as inevitable as marriage‖ (Boyd: 1987: pxvii). 

Government support for detached housing was given in 1909 by the Royal Commission for the 

Improvement of Sydney and its Suburbs which rejected the contemporary European and American 

style of urban housing when it concluded that ―…the tenement or flat system of housing would not 

meet the requirements of Australian workmen…‖ and recommended that ―…workmen should be 

encouraged to live in separate houses in the suburbs‖ (Royal Commission for the Improvement of 

Sydney and its Suburbs in Ferber et al: 1994: p4). Behind this promotion were two concepts; the 

perception that apartment living was decadent, something that was ―…escaped [from] when they 

migrated to Australia‖ and the perceived link between high density living and slums with their 

social and public health problems (Dingle, in Harris and Larkham: 1999: p190). 

 

Further State Government encouragement for home ownership was given in the 1920s when low 

income earners become eligible for subsidised housing loans (Dingle, in Harris and Larkham: 1999: 

p190). By the end of World War II Australia‘s urban population had reached 67 percent (Dingle, in 

Harris and Larkham: 1999: p188) and has continued to climb to reach 90.7 percent in 2000
10

. 

 

The preference for suburban, detached housing has meant that most of Australian‘s urban growth 

has occurred by expanding the city edge ―…growing from the grids which surveyors had set out 

during the first days of settlement‖ (Boyd: 1987: p93). This expansion was given emphasis by the 

preference for the ―quarter acre‖ lot that had been standardised at about 60ft wide (18.3m) and 150ft 

deep (45.7m) (Boyd: 1987: p6). The post World War II housing requirement, estimated to be 

350,000 houses (Davison et al: 1995: p9), had several effects apart from escalating urban sprawl.  

Foremost was the emergence of timber frame construction methods with brick veneer for the 

external walls - the result of post war materials shortages. This construction type came to dominate 

the market, with four out of five houses built in the 1960s being constructed in this manner 

                                                 

10
 90.7% urbanised in 2000 see http://globalis.gvu.unu.edu/indicator_detail.cfm 18/05/05 
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(Davison et al: 1995: p11). Post war labour shortages also increased the number of owner-builders 

who, by the mid 1950s, were constructing 33 percent of new houses (Dingle, in Harris and 

Larkham: 1999: p193). Building a house was so common in Australia that it was considered by 

some as a ―…rite of passage.‖ (Williamson, in Davison et al: 1995: p11). Dingle also notes the 

influences that building regulations had on suburban house designs, including regular setbacks and 

window heights (Dingle, in Harris and Larkham: 1999: p194), and how this resulted, along with the 

ubiquitous quarter acre lot and veneer construction, in a much criticised conformity. 

 

The growth of Australian suburbia has not been without debate, as the development of Rouse Hill, 

Sydney, documented by Forsyth, has illustrated (Forsyth: 1999: p31). This examination of a ―green 

field‖ suburban development showed clearly the contemporary arguments between the traditional 

housing ideal and national urban self-perception, and the environmental and economic 

consequences of this type of development. Low density suburban development has been criticised 

for a long time by urban designers and planners, some of whom have advocated urban consolidation 

(Forsyth: 1999: p28). High density housing is however opposed by those preferring the traditional 

suburban house (Forsyth: 1999: p2). The alternative method of consolidation, urban infill, has had 

support from State governments wishing to resist funding the necessary infrastructure for new 

suburban development. A significant amount of infill has occurred in some Australian suburbs and 

this has fundamentally altered the suburban environment (Harris and Larkham: 1999: p198). 

However, as an answer to sprawl, infill may be as haphazard and as inefficient a use of resources as 

the original highly much criticised suburbs, and this possibility will be discussed in more detail later 

in this thesis.    

New Zealand  

Like Australians, New Zealanders have come to perceive themselves as a home owning, egalitarian 

society. The ownership of a house in the suburbs has become, for many, their prime economic 

objective, their greatest capital investment, and frequently their retirement fund. These concepts 

have their foundations in the establishment of colonial rule in New Zealand, as will be discussed 

below  

Land 

The European settlement of New Zealand was closely linked to nineteenth century evangelism and 

utopian beliefs (Sinclair: 1959: p69). Robert Pemberton, a utopian visionary, proposed New 

Zealand as an ideal location for a planned community because it was ―in its infant state, and 

uncorrupted by any large collections of people‖ (Pemberton and Richardson: 1985). Unfortunately, 
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the potential offered by the ―…infant state…‖ was not realised in the rush to accommodate arriving 

colonists and the desire to generate a profit and hence the taxes necessary to sustain the fledgling 

government (Sinclair: 1959: p75). This undue haste and lack of foresight set the stage for future 

town design. One later critic considered that ―The brief history of town design in New Zealand fails 

to show any obvious example where the quality of the site in its undeveloped state has been 

enhanced by the process of urbanisation” (Dart: 1963: p25). 

 

The utopian vision of New Zealand was short lived. Colonel William Wakefield, charged with the 

planning of Wellington in 1839, had only three weeks following his arrival, to purchase and survey 

a town of 1,100 acres and an attached rural area of 110,000 acres (Dart: 1963: p8) before the 

settlers, who had paid in advance for ―their‖ land, disembarked (Sinclair: 1959: p77). This 

Wakefield did using a gridiron layout and separate lots for detached houses. William Spain, a 

lawyer, sent from London to check the validity of the land purchases made by the New Zealand 

Company, found that only a small proportion of Wakefield‘s purchases were fairly acquired and 

that the Company had acted as ―anxious speculators‖ rather than colonial idealists (Sinclair: 1959: 

p77). In the decade that followed the Wellington settlement, other towns such as Christchurch, New 

Plymouth, Wanganui and Nelson were planned on the same lines and the foundations set, for ―…the 

framework within which all major urban areas were to grow” (Dart: 1963: p24). 

 

The origins of the formal urban layouts came probably from the military background of the 

engineers who supplied most of the surveying expertise, and a long-established approach towards 

the design of colonial towns, which extended back to Roman times. In his dialogue on surveying in 

New Zealand, Captain Dawson of the Royal Engineers states that ―The square or rectangle is 

admitted to be the figure best suited to the subdivisions of lands. It is almost invariably resorted to 

in this country in setting out new enclosures…‖ (Dawson, in Dart: 1963: p12). The rectangular 

shape of lots was reinforced by the Land Act of 1877 which decreed that ―All sections shall, as far 

as the features of the land will admit, be of rectangular form and …be of a depth not less than twice 

the length of the frontage…‖ This predilection would lead to a ―…national tolerance of a uniform 

pattern of lot size…‖ where ―…one could rely on the frontage being 50ft (15.24m) and the area 

somewhere between 24 (607m
2
) and 32 (809m

2
) perches‖ (Dart: 1963: pp31-34). Any attempts to 

deviate from the grid were likely to receive criticism, such as Mathew‘s attempts to introduce 

crescents into Auckland‘s town plan in 1841, which a Herald editorial referred to as 

―…gingerbread roundabouts…‖ (Herald 29 December 1841). The general attitude towards 
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planning could be summed up by the comment ―…they were subdividing lots for sale, not for 

designing towns...” (Dart: 1963: p24). 

 

A combination of the necessity for self sufficiency, fire prevention and the ease and convenience of 

subdivision of the grid possibly led the New Zealand Company to set the Wellington lots at one 

acre. This provision was to create problems for the Company as subdivision of these properties 

started ―…almost before the ink was dry on the first plan‖ and was to trouble the Company ―…with 

the very parasite it least desired - the speculator‖ (Turnbull, in Dart: 1963: p25). As stated earlier 

(p20), not all had agreed with this lot size, as smaller plots would enlarge the area of the town less 

(Whitehall, in Dart: 1963: p24). The difficulties experienced in Wellington may have led the New 

Zealand Company to reduce the lot size in subsequent ventures to a quarter acre, with only Nelson, 

established in 1841, maintaining the one acre block. Even with these efforts the New Zealand 

Company never succeeded in eliminating the speculator. Land continued to remain a marketable 

commodity with one 1844 Auckland purchase of approximately three acres being subdivided into 

36 allotments ―…for which ready purchasers were found‖ (Sherrin and Wallace: 1890: pp553-554). 

An optimistic hope that the colony would be able to finance itself through land sales and taxation 

proved to be unrealistic (Sinclair: 1959: p75). This funding shortage possibly increased the demand 

for land close to the towns, since travel was difficult due to the poor state of the roads and other 

facilities, as there was no money to build the necessary infrastructure. The high land prices as 

illustrated by the first sale of 116 town lots in Auckland at an average of £185 per lot and farmland 

in Mt Eden and Epsom that cost from £2 to £10 per acre
11

 (Dart: 1963: p30) was a possible result of 

these shortcomings. 

Housing 

The attraction of an improved lifestyle often reinforced by the lure of ―free‖ land and an assisted 

one way passage led many immigrants to New Zealand. Most colonists landed with the ambition to 

―…equalize upwards…‖ and this attitude may have been the seed of a perceived New Zealand 

social characteristic ―…a society which was classless because everyone was middle class‖ (Sinclair: 

1959: p102). Many 19
th

 century immigrants considered ownership of a family home to be a just 

reward for their labours. An inability to gain wealth or assets was seen as lack of effort. This view 

persisted until the early 20
th

 century when from 1906 a succession of governments provided easily 

accessible, cheap loans to poorer families to build their own detached houses. This state assisted 

suburbanisation reached its peak in the two decades following World War II, when in the early 

                                                 

11
 Prices for land in 1850 per acre were: Wellington (£1), Otago (£2) and Canterbury (£3)  (Sinclair, K. (1959) A history 

of New Zealand, Penguin, Harmondsworth, Middlesex.)  
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1960s, the State Advance Corporation financed more than half of the houses constructed (Ferguson: 

1994: p7). 

 

At the start of the 20
th

 century the objective of a working man‘s utopia with adequate, low density, 

low cost housing was an ideal rather than a reality in New Zealand. The squalor that existed in the 

―home country‖ was equally visible in New Zealand‘s cities. The wealthy escaped the unpleasant 

older urban areas in the same manner as their English equivalents a century earlier, by moving out 

of the city. The balance of the urban population continued to exist in unhealthy and inadequate 

conditions with the constant threat of disease. Typhoid and cholera were a threat in most cities and 

the bubonic plague was a reality among Auckland‘s 1901 population of 67,226. The condition of 

some houses, in 1902, was so substandard that seventy-three were pulled down, classified as a 

menace to public health (Reader‘s Digest: 1984: p.51). However, by 1916 the census of that year 

indicated that conditions had improved, with almost half of all New Zealanders living in their own 

single-unit house (24.4 percent freehold and 23.6 percent mortgaged) (Brookes: 2000: p108). This 

trend towards home ownership was influenced by the increasing availability of loans and a lack of 

public housing. It is also said that decisions by the Arbitrations Court that ―…increasingly favoured 

employers…‖ in employment disputes made private home ownership, with its greater security of 

tenure, more attractive. Earlier, workers had preferred renting as this made them mobile and they  

accordingly had campaigned for rent controls in preference to seeking suburban home ownership 

(Ferguson: 1994: p60). The 1916 statistics may perhaps have concealed some aspects of the housing 

conditions. In 1919 the Commission of Inquiry into the Influenza Epidemic found that some urban 

dwellers still lived in unsuitable conditions. A formula developed by the government Board of 

Health to estimate overcrowding was set at 1 person per room, 0.5 less than England. Judged by this 

formula, 12.6 percent of the population (136,000) lived in overcrowded conditions (Brookes: 2000: 

p113). This situation of overcrowding may not have improved by 1926 when the census showed 

that 15.9 percent of all households in the main centres had lodgers (Ferguson: 1994: p35), although 

the actual occupancy rates are not known for a true comparison to be made.  

 

In 1905 the Workers‘ Dwelling Act was passed. This legislation initiated the first intervention of the 

State into the New Zealand housing market and introduced the idea of the suburban house as the 

means of housing workers and their families. This idea came to dominate New Zealand government 

housing policy for decades to come (Ferguson: 1994: pp60, 63). Suburban state housing was 

advocated in 1890, on the moral ground that the state would be able to supervise the behaviour of 

the tenants. By 1905, however, economics provided the reasoning behind the legislation. The 
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potential to control the profit margins and the amount of capital in the housing market was seen as 

an advantage to the state along with maintaining ―…a minimum standard of living for New 

Zealanders‖ (Castle, in Ferguson: 1994: p62). The state housing scheme failed to make any 

significant impact on the housing market at this time, as only 646 architecturally designed state 

houses were constructed in fourteen years. The main failures of the scheme were its suburban 

emphasis, which housed workers at a distance from their places of employment, and the fact few 

workers could afford the high state house rents. The 1905 Act favoured leasehold as the form of 

tenure as it was considered by many within the government that freehold titles would not assist the 

stated intent of reducing rents by breaking the domination of rental properties by private interests 

(Ferguson: 1994: p63). 

 

Through the State Advances Office, from 1906, urban worker loans were also available for the 

purchase of new freehold homes. The limitation on the amount of finance available for these, often 

meant that the demand could not be satisfied, and from 1913 applications declined because the 

maximum allowable loan was insufficient to cover the cost of a new house (Ferguson: 1994: p69). 

However, in the four year period from 1906 to 1910, 1296 loans at low interest rates were provided 

for workers to erect their own homes (Schrader: 2005: p29). The fact that loans were available 

fuelled the market for the detached house, since no other housing type was on offer. Thus, the way 

housing was made available in New Zealand has influenced the detached owner-occupied suburban 

nature of the current housing stock. 

 

In terms of the history of urban development in New Zealand, central government and 

municipalities never placed much emphasis on sound town planning and it was not until1926 that 

Parliament “reluctantly‖ passed town-planning legislation (Ferguson: 1994: p60). In the 1890s the 

―City Beautiful‖ movement campaigned for the development of public spaces and parks and was 

responsible for the removal of undesirable structures, although this possibly exacerbated the 

housing situation of the ―…poorest citizens and widows…‖ (Ferguson: 1994: p51). Samuel Hurst 

Seager, a Christchurch architect, advocated the concept of the Garden City as a solution to urban 

squalor. Seager was familiar with the theories of Howard and the developments of Parker and 

Unwin and he introduced them on a limited scale into a garden suburb development on ‗The Spur‘ 

at Sumner, Christchurch (Lloyd-Jenkins: 2004: pp6-7). In 1917 he attended the Australian Town 

Planning Conference in Adelaide and the following year the Brisbane Town Planning Conference 

and Exhibition at the request of the New Zealand Government. The latter conference concluded that 

―…it is absolutely impossible to get any of the schemes materialized until there is an effective 
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Town-planning Bill‖ and ―It had been very clearly demonstrated … that there must be some form of 

central authority‖ (Seager: 1919: p6). Seager also thought that ―…the central authority should be 

an expert town-planner, highly trained, and of proved administrative ability - a young man with his 

life‟s work before him…‖ (Seager: 1919: p7). This would appear to be at variance with Unwin‘s 

opinion that ―…no single man can ever encompass all the skills necessary to plan a city‖ (Unwin: 

1994: px) but it could also be seen as an expression of the idea that good town planning requires an 

individual with vision and drive. Seager‘s proposed ―Town-planning Bill‖ would have allowed 

mandatory changes to be made by the ―central authority‖ to subdivision designs rather than 

development merely conforming to the current regulations, as he felt a ―…scheme cannot be carried 

out until it is approved by the Minister…‖ (Seager: 1919: p7). 

 

Seager‘s subsequent Report on the Brisbane Conference to the Government could have been 

responsible for a similar government sponsored town planning conference in New Zealand in 1919. 

The New Zealand Government‘s concern for town planning at this time was mainly one of self 

interest. The war-time medical testing of New Zealand men had shown an overall low level of 

physical health with almost half of those conscripted ―…unfit for military service‖ (Brookes: 2000: 

p111), and poor housing was seen as a reason for this. There was also a perceived link between 

slum conditions and potential social unrest which made the ―…apolitical and non-ideological 

critique of urban problems…‖ of the Garden City and Town-planning movement attractive to the 

Government (Ferguson: 1994: p78).  The conference‘s focus on the aesthetics of design, rather than 

the substance of suburban reality and the current housing situation, annoyed three Labour MPs, Bob 

Semple, Harry Holland and Michael Joseph Savage, who were later to be the supporters of state 

housing in the first Labour Government. During the conference the focus shifted from the Garden 

City, which implied design of a complete settlement including employment opportunities and all 

social facilities and infrastructure, to Garden Suburbs, which could be attached to existing towns 

and cities. As a result, a recommendation was made to the government for this residential form to be 

developed further in New Zealand (Ferguson: 1994: p80).  

 

An amendment to the State Advances legislation in 1923, which allowed 95 percent of the 

combined total of a new house and land to be loaned to workers who could ―…prove themselves 

worthy of state loans...‖, led to another period of suburban speculative development, which was for 

many a continuation of ―…a long tradition of making use of property and housing to supplement 

income…‖ (Ferguson: 1994: pp85, 88). Suburban authorities, eager to see developments proceed, 

placed hardly any impediments in the way of rapid development and subdivision and this resulted in 
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very little consideration being given to the concepts of sound town planning. The initial developers 

of large blocks, such as Mt Eden and Mt Albert in Auckland, relied heavily on speculative builders 

and individual purchasers to cover their development costs, and this reliance was to create a number 

of money losing ventures and bankruptcies in the latter part of the 1920s (Ferguson: 1994: p88).  

 

The deteriorating economic situation at the end of the 1920s reduced building activity and created 

hardship for many people. It was not until 1933 that the number of unemployed started to decline. 

In 1935, a government committee set up to examine the housing situation, suggested (among a 

number of recommendations) that an emphasis be placed by local authorities and home-owners on 

improving existing houses (Ferguson: 1994: p114). This was a departure from earlier policies which 

had favoured new construction over home improvement. It also signalled that government accepted 

the detached suburban house as worthy of being improved and brought up-to-date. 

 

In 1936 the Labour Government set up the Department of Housing (DoH) as a branch of the State 

Advances Corporation, and it remained a separate entity until it was incorporated into the Ministry 

of Works in 1943. The DoH had three objectives: to build good quality homes, to employ the 

unemployed to construct them, and to utilise New Zealand materials if possible (Brookes: 2000: 

p126). These policies did not immediately impact on the housing situation as by 1936 the State 

Advance Corporation had only taken over 3,904 properties (AJHR: 1936: B-13a: p7). Although a 

concerted period of state house building continued through to World War II, including a prize-

winning development designed by Reginald Hammond at Orakei on Garden Suburb principles, it 

was never enough to satisfy the demand. The Labour Government‘s policy differentiated it from 

preceding governments as it believed that ―…it would have to maintain a significant and constant 

state presence in an inherently flawed housing market‖ (Ferguson: 1994: p117). 

 

At the end of World War II there were 26,000 families awaiting state houses (Brookes: 2000: p126). 

The result was that ―…thousands of families had no option but to continue to rent unsatisfactory 

rooms…‖ (Brookes: 2000: p126). A further 6000 to 7000 houses were required annually to satisfy 

the increasing population (Firth: 1949: p4). The Labour Government‘s response was to build state 

houses and, except for the years between 1946 and 1948, more money was spent building state 

houses than lending for private construction. Cedric Firth in his 1949 foreword to State Housing in 

New Zealand states ―Housing is today a major issue. This is as true in New Zealand as it is of most 

other countries. Probably never before have so many houses been wanted so quickly. And perhaps 

never before has the problem been so complex. The close connection between happiness, health, 
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and housing needs little proof, and one of the principal tasks of the next decade should be the 

provision of a decent house for every family in New Zealand…‖  (Firth: 1949: p1). 

 

The ―provision‖ of Firth‘s words above was seen as the responsibly of the Department of Housing. 

Finance of 5 million pounds was made available by the Reserve Bank to the DoH at 1 percent 

interest with any additional finance at 1.5 percent. Department staff developed a set of design 

guidelines that included a density of four houses per acre, morning sun in the kitchens, afternoon 

sun in the main bedroom, small windows in the south elevation to avoid heat loss, and designs 

where ‗…each house would look different to the next‖ (Firth: 1949: pp10-39). These guidelines 

were used to commission ―…over 400 designs‖ to avoid standardisation that may ―…evoke images 

of slum like tenement housing...‖ (Brookes: 2000: p133). The scale of the housing programme 

enabled comprehensive site developments to be undertaken where the preferred approach was that 

―Extensive use is [to be] made of loop roads, culs-de-sac and recessed courts‖ and of ―…curved 

streets which allow the building up of a street picture free from monotony.‖ Front fences were 

discouraged to provide a ―…unified street picture‖ and a ―…uniformity of context‖ (Firth: 1949: 

p11). This approach to site layout and planning owed much to Unwin‘s Town Planning in Practice. 

Community planning allowed approximately 15 percent of the gross area of large housing schemes 

to be given over to recreational facilities (Firth: 1949: p10) and provision for shopping areas 

(grocers‘ shops, green groceries and dairies). The Naenae scheme in the Hutt Valley even included 

a proposed ―…open air nursery…‖ so that mothers could ―…rest or do shopping or meet their 

friends‖ (Firth: 1949: p97). 

 

It is debatable whether the lofty goals set out by Cedric Firth in State Housing in New Zealand were 

ever attainable but the assertion that ―New Zealanders want elbow room‖ (Firth: 1949: p14) has 

remained an influential concept in New Zealand urban design. Many of the earliest houses from the 

state housing initiative are still part of the current housing stock. Also worthy of investigation in 

terms of this thesis is Firth‘s proposed density of four houses per acre. Firth provided an average 

area of 28 perches (708m
2
) with the minimum being 20 perches (505.8m

2
) and the maximum 32 

perches (809.3m
2
) for state housing works (Firth: 1949: p10). Back sections were approximately 40 

perches (1011m
2
) which included the driveway. This would give 5.7 houses per acre at the average 

state housing size and even at the maximum lot size of 32 perches there would be 5 houses per acre. 

This indicates that the quarter acre section has always been more of an urban myth than a reality.  
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A change of government in 1950 ushered in a change in state housing policy, with more emphasis 

placed on the private construction industry to solve the housing shortage. By imposing an income 

limit on state housing applicants the government successfully concealed the true extent of the 

national housing situation, reducing the number of applicants to 32,698 in March 1952 (AJHR: 

1952: B-13, p15), (Ferguson: 1994: p180). To compensate, the government, increased the 

availability of state loans via the State Advances Corporation. These loans financed 19 percent of 

building consents issued in 1950 and this steadily increased to 33.6 percent in 1954 and peaked at 

52 percent in 1961 (Ferguson: 1994: pp181, 198). An interesting manual was produced by the 

Minister of Housing in 1954, possibly in an attempt to move responsibility from central government 

to local authorities The manual stated that ―…the satisfactory housing of citizens could properly be 

regarded as a local authority function‖ and it is ―…as much a responsibility of local authorities as 

it is of the central Government‖ (Housing Corporation of New Zealand: 1954: p5). One chapter set 

out how local bodies can design sub-divisional schemes for housing, either to ―…assist private sub-

dividers or to carry out sub-divisional work themselves‖ and emphasised the need for ―…economic 

forms of subdivision…‖ (Housing Corporation of New Zealand: 1954: pp6-7). This devolution was 

at variance with the 1919 concepts of Seager who had argued for centralisation of town-planning 

but it was still reminiscent of the work of Unwin, as it recommended a hierarchy of streets and culs-

de-sac, though for pragmatic rather than aesthetic reasons. The manual was also significant for it 

proposal that a ―…single-unit suburban house with its own garden is unsuitable…‖ as 30 to 40 

percent of households had been estimated to be of one or two persons (Housing Corporation of New 

Zealand: 1954: p37). For the first time something other than the detached owner-occupied house 

was seen as necessary. The manual draws attention to the ―…spread of urban development…‖ and 

the corresponding reduction in productive land and comments that ―…subdivisions often show no 

more appreciation of the features of the site than those drawn up in Britain…‖ A further poignant 

point made is that ―Too often the sole objective of the subdivider is to cut the land up into as many 

lots as the by-laws will allow‖ which ―…overlooks the fact that it is the quality of the subdivision 

that gives it value, and this depends upon the extent to which the most pleasant living conditions are 

secured for each lot‖ (Housing Corporation of New Zealand: 1954: p37). 

 

Urban sprawl became a concern of the Government in the early 1950s and resulted in the promotion 

of low-rise flats with results that resonate today, ―Flats built in Auckland and Wellington…Badly 

designed and built of poor-quality materials, they quickly became an embarrassment. They became 

a major problem…‖ (Ferguson: 1994: p189). 
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The National Government‘s withdrawal from state investment in housing in the 1960s was 

prompted by economic concerns because of uncertain overseas earnings (Ferguson: 1994: p197) 

and by the increasing criticism of suburban living coming from national and international sources. 

Although acknowledged to be soundly built, the state house ―…employed an architectural language 

that was very conservative‖ (Brookes: 2000: p201). Local authorities during the 1960s and early 

1970s produced some innovative site designs for medium density public housing (Ferguson: 1994: 

p260) but in general, land development and provision of housing was left to the private developer 

and builder. In the 1980s, the local authorities revised lot sizes to allow urban infill but this 

provision was exploited by developers, who used cross-leasing to avoid meeting minimum lot size 

requirements, and who often produced poor quality housing as a result. The Housing Corporation 

experimented with small scale infill and comprehensive site developments that included ―zero-lot 

lines‖ which allowed, among other aspects, building on boundary lines (Ferguson: 1994: p262) but 

these trends remained relatively un-influential. In 2002 the Housing New Zealand Corporation in 

―…response to the challenge of raising the standard of social housing provided in New Zealand‖ 

produced a development guide that outlined what the Corporation sought in urban design, 

community connections, relationships between urban structures and lot layouts. Effectively, it was 

an update of the 1954 manual but considerably more comprehensive. Importantly, it contained 

sections on Pacific design that responded to the ethnicity of many of its clients, energy conservation 

and sustainability. These showed that design considerations had moved from the provision of mere 

shelter (Housing New Zealand Corporation: 2002) but there is no indication that these have moved 

beyond rhetoric (see Figure 56). Retrofitting was also considered which again provides a strong 

indication that upgrading the current stock of older but substantial, existing state houses was 

considered a realistic option. 

Summary 

Tracing the history of suburban development in both New Zealand and countries that are closely 

associated with it shows that the detached houses on a reasonably large plot has become a cultural 

norm and something to which people aspire. This suggests it is worth exploring how these existing 

houses can be made more sustainable, since attaching sustainability to the house type people desire 

may help make the changes it involves more generally acceptable. 
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Suburban potential 
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The study house 
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Introduction 

The objective of the research is to explore the potential offered by the suburban housing stock of 

New Zealand for a more sustainable way of life, using a ‗bottom up‘ approach. The results of a 

practical experiment involving a single house are combined with Ghosh‘s theoretical work (2003), 

enabling a wider picture to be drawn of the potential for Auckland households to live more 

sustainably. Statistics indicate a continuing preference for the detached house, and so it was 

essential to choose a house of this type that would represent both existing detached family houses 

and those that continue to be built in some quantity in New Zealand. 

 

Census data indicates three housing trends in New Zealand. These are increasing house size
12

, a 

reduction in persons per household
13

 and a continuing preference for separate houses
14

. There is 

general consensus that the first two trends are not sustainable (Housing New Zealand Corporation: 

2005: p17) but these, at present, only affect the supply of new houses. The third issue, which seems 

contentious considering the promotion of densification (Auckland Regional Council: 1999: p28), is 

the focus of this thesis. The objective is to test Ghosh‘s proposition that the preferred house type is 

also the most sustainable suburban house. 

 

Ghosh, researching sustainability indicators for residential areas of Auckland, concluded that ―…the 

most sustainable urban form [is] the low-density block of 18 households/hectare”, which equates to 

7.3 houses per acre or 555m
2
 per household (Ghosh: 2003: p219). The key sustainability indicators 

identified were: domestic energy use, transport, carbon sequestration, food and waste (Ghosh: 2003: 

p217) with the two dominant indicators being domestic energy use and transportation. 

 

Ghosh‘s conclusion, based on a study of Auckland suburbs, was arrived at through comprehensive 

theoretical analysis and is at variance with the current urban design philosophy of medium rise 

consolidation (Housing Corporation New Zealand: 2005: p17). The consolidation argument is 

generally based on consideration of reducing energy use for transport and ignores the possibilities 

offered by the detached house for energy collection and by its garden for growing food. Applied 

research is required to move beyond Ghosh‘s theoretical results. Although research papers and 

studies focusing on sustainability indicators similar to those proposed by Ghosh exist (Mithraratne 

et al: 2007), (Potter et al: 2005), (Isaacs et al: 2006), (Bell and Morse: 1999) it has not been possible 

to locate a comprehensive built research project addressing all of these issues. This knowledge void 

                                                 

12
 133m

2
 in June 1985 to 200m

2
 in June 2003 

13
 2.8 in 1991 and 2.7 in 2003 

14
 80.0%, 2001 and 81.2%, 2006 
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forms the second focus of this thesis. To undertake this study it was necessary to locate a house that 

was as representative of the standard New Zealand suburban house as possible and one that had 

close to Ghosh‘s optimum plot size. 

Study house selection 

A study undertaken by Mithraratne found that at the present time the most common construction for 

the New Zealand house was a raised particle board floor, lightweight timber frame walls with fibre 

cement cladding, and trussed rafter roof with corrugated metal cladding. Insulation in the most 

common construction was double sided foil draped over the floor framing and glass fibre in the 

walls and above the ceiling (Mithraratne: 2001: pp117-125). This study was based on common 

specifications and construction types and was focused on contemporary construction methods rather 

than on the housing stock as a whole, although several enduring construction characteristics were 

identified. The results are summarised in Table 5. 

 

For this research an uninsulated house was preferred because, as discussed before, potentially 42 

percent of New Zealand houses fall within this category. An uninsulated house offered the potential 

for data collection on both improved comfort levels and energy reduction. Additional selection 

factors were a suburban site in Auckland with a plot area close to Ghosh‘s optimum, north 

orientation, proximity to public transport and local shops, and a house within the researcher‘s 

budget. To make the project viable the preference was for a house on a larger ―quarter acre‖ section 

that could be subdivided. This would make the project financially viable but would also give the 

opportunity for further research on energy efficient design for a later ‗new build‘ project, with both 

houses on plots around 500m
2
. This could show how existing low density suburban layouts might 

be adapted to provide more housing with less overall use of resources, using Ghosh‘s indicators of 

sustainability.  
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Table 5  Construction elements in New Zealand houses 

Item Type % Type % 

piles timber/concrete  52 concrete footings  30 

floor suspended timber 65 conc. slab-on-ground  35 

floor insulation aluminium foil  58 25mm polystyrene  8 

walls light timber frame 94.5 light steel frame 1.5 

insulation glass fibre 58 polystyrene 29 

cladding fibre cement WB 47 brick veneer 13 

walls internal timber frame & plaster board 65     

roof construction timber truss 53 timber rafters 36 

roof covering metal 87 concrete tile 12 

windows aluminium  99     

(Mithraratne: 2001:pp117-125) 

 

A suitable two bedroom property was located in Auckland and obtained via competitive tender. The 

house was an uninsulated single storey 1925 timber frame cottage with heart rimu weatherboard 

cladding and a suspended timber floor finished in rimu tongue and grove boarding on timber joists, 

bearers and concrete piles
15

. The size of the house would accommodate Ghosh‘s theoretical 

household of 2.9 persons. The chosen house had had only had five owners since being built, with 

two obvious extensions having been made, and at some point a wall removed to provide a more 

open plan living area. The house area at purchase was 107.6m
2
 over the floor plates and the house 

sat on a sloping site of 1107m
2
. It was in small cul-de-sac six kilometres from the Auckland CBD, 

orientated to the northwest with the site sloping towards the street (see figures 6 and 7). There was a 

detached, galvanised metal, single car garage, and a tool shed under the house at the point where it 

was raised up because of the slope of the site. Public transport (bus) was available at a small 

shopping centre fifty metres away and the nearest supermarket was within walking distance, being 

one kilometre distant, as was a public school for primary to intermediate children. The area high 

school was fifteen minutes by bicycle.  

 

The common factors between Mithraratne‘s survey and the study house were concrete piling, 

suspended timber floor, walls, internal walls, and roof structure and roof covering, although it 

should be noted that wall cladding on the study house was native timber weather board not fibre 

cement. Details of the study house elements are given in Table 6 below. One difference that should 

be noted was the stud height with the original study house having 2.9 metre floor to ceiling height 

                                                 

15
 The original 120mm square concrete piles were not mechanically fixed to the timber joists and were only inserted 

into the ground to a maximum depth of 100mm.  
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compared to the current standard of 2.4 metres. This original stud height was later lowered in the 

lounge of the modified house to 2.7m to provide additional height in the newly created third 

bedroom above. 

 

The following tables and diagrams all relate to the study house at the time of purchase. 

Table 6  House construction elements and room orientation 

Item size mm type insulation spacing mm Notes 

piles 150x150 concrete no  not anchored 

bearers 100x75 heart rimu no 450 wire anchored 

joists 150x50 rimu & douglas fir no 450 nailed to bearers 

floor 70x20 t&g rimu no - nailed to joists 

frame 100x50 rimu rough sawn no 450 no building paper 

wall 

cladding 150x25 bevelled back wb no - 35mm cover 

ceiling 150x50 rimu rough sawn no 450 

various timber 

stringers 

rafters 100x50 rimu rough sawn no 900 150x25 collar ties 

roof - corrugated galvanised  iron - - unpainted 

windows - timber - - 2mm glass  

fireplaces - clay brick open fire - - 

two fireplaces - one 

closed off 

walls - fibrous plaster & plaster board no - 

original was fibrous 

plaster 

 
     

Room Orientation Area m
2
 Window m

2
 Lights Watts Items 

lounge north-west 37.8 3.44 375 

two fireplaces -one closed 

off 

  north-east  5.52    

  south-east  0.72    

hall north-west  6.4 1.2   80 front door 

bed 1 north-west 16.2 4.8   80 wardrobe 

bed 2 south-west             16 1.68   80   

  north-east  1.44    

bath internal 3.8 -   65 bath & basin 

WC south-east 1.5 0.25   65 WC 

laundry south-east              4 0.48   65 washing machine & basin 

kitchen south-east             11.7 0.72   80 stove & sink 

Totals  97.4       20.25 890  
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Figure 2  Original house plan 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

When the house was purchased, the bathroom had no exterior window, as the original back porch 

had been enclosed both to make a laundry and give indoor access to the toilet, which had originally 

been accessed from outside (see figure 12 for original door location). 

 

The current zoning for the area (R6a) provides for one house per 365m
2
. With a plot area of 1017m

2 

one extra plot could be created giving two sites close to Ghosh‘s optimum plot size. In the 

regulations the area of the driveway, necessary to access the rear plot, is in addition to the 365m
2
 

plot area. As the house was positioned in the middle of the original plot, two plots could not be 

created without demolishing or removing the existing house (which would defeat the purpose of the 

thesis) or by moving it forward on the site. The latter offered the most sustainable option, although 

this choice is not one often favoured by developers. The rear plot offered the opportunity for further 

Note: The balance of total area is in wardrobes and floor plates.   

wb - weatherboard 

t&g – tongue and grove      

 

 

 

 

 

 

 

Extension 

removed 

Wall removed 

before 

purchase 

Extension 

removed 
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research at a later date, comparing the energy efficiency and economics of retro fitting or building 

new within the same environment and orientation.  

 

Figure 3 Original site plan 
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Figure 4 1940 aerial view 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Study house circled in red 

 

Figure 5 2002 aerial view 
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Methodology 

In order to create a base line for the monitoring of the improved house it was necessary to live in the 

house before any changes were made. The house was first occupied by a family of two adults, the 

author and his wife, (hereafter called the study group) in October 2001. Monitoring began at the 

beginning of November 2001 and continued for 12 months. Of the key ―sustainability‖ indicators 

identified by Ghosh those of domestic energy use, transport, food, and waste were monitored in 

detail and recorded for this period. Details of how the monitoring of each aspect was carried out are 

given in the following sections in this chapter. Comparisons of carbon sequestration between the 

original house and site and the modified house and sub-divided sites were made. These are included 

in the Energy Use chapter. As discussed above, part of the upgrading project required the house to 

be moved to allow the creation of two separate titles. Moving timber houses in New Zealand is 

common practice, so there was no difficulty in placing the house further forward on the site and at 

the same time orientating its living spaces to the north (See Figures 3 and 16). New boundary fences 

were erected to more closely align the newly created site with Ghosh‘s optimum area (Figure 17).  

 

After the first year of monitoring, alterations to the house took a further 18 months. These 

alterations included redesigning the interior, removal of the additions to the original house, removal 

of carcinogenic materials, re-plumbing, re-wiring, the fitting of insulation, and installation of a 

water tank and the creation of a vegetable garden. During this period, quantities and prices of 

purchased material were recorded for embodied energy and cost analysis. This construction period 

was followed by 12 months of monitoring and data collection of the key ―sustainability‖ indicators. 

Different 12 month periods were used for different indicators, to fit with the construction process. 

The methods and periods used for monitoring are discussed in the methodology sections related to 

each chapter. Some monitored areas, such as domestic energy use, cannot be separated from 

amenity, in this case internal comfort levels. Low energy use resulting in uncomfortable internal 

room temperatures would not only be unacceptable in today‘s society but would also pose health 

risks particularly for the older members of society (Healy: 2004: p109). Because of this, some 

research results are analysed in combination in the conclusion. It is one premise of this thesis that 

for existing low density suburban houses in Auckland, domestic energy use can be reduced and total 

household amenity improved. 
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Figure 6 House being prepared for moving 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7 The start (4
th

 Nov 02) 
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Figure 8 House ready for moving (5
th

 Nov 02) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9 House on the trailer 
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Figure 10 House positioned on jacks (6
th

 Nov 02) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11 House near completion (4
th

 Aug 05) 
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Design process 

Introduction 

The house at purchase had the entry façade oriented to the north-west with the front door and main 

rooms addressing the street. The kitchen and laundry, perceived as less important, faced south-east, 

and the bathroom had no outside window. Providing the rooms with appropriate solar access and 

adequate ventilation was critical to reducing household energy use and increasing comfort. There 

were also solar advantages from orientating the main ridge east - west as this provided a north 

facing roof for solar hot water and possibly photovoltaic panels. Fortuitously, this orientation also 

offered the best views. Sales information seen in the local press on an ad hoc basis indicated a 

preference for suburban houses with three bedrooms, an ensuite bathroom for the master bedroom 

and two car garaging. The latter two preferences were at odds with the objective of reducing the 

environmental footprint of those living in the house, as a two car garage could encourage resource 

consumption for transport, despite the proximity of the bus stop. A design compromise evolved, 

with a standard enclosed single garage and a smaller storage area that could be used for parking if 

necessary. This provided the opportunity to incorporate an outdoor terrace as the roof of the new 

garage and to create a central axis through the building. Thoughtful design was considered essential 

to maintain convenience without the necessity of additional built area.  

 

Residential house moving is a well established practice in New Zealand and the study house was 

moved and installed on new timber piles within five days. The process was aided by the lightweight 

nature of the construction as many of the materials common in New Zealand houses are lightweight. 

Re-orientating was an equally simple process and was undertaken while the house was on the 

trailer.  

 

Greater capital gain could have been made by creating a new vacant building lot with a street 

frontage
16

 for resale but preserving the original frontage and the cul-de-sac aesthetic was considered 

essential to maintain context and community. If the original house had been demolished or removed 

from the site, a new house could in New Zealand be designed in a wide variety of different styles 

and materials, since there are no design guides. Although this would alter the context to which most 

of the existing houses conform, it is common practice. Creating two long and narrow plots, both 

with street frontages, would have created design difficulties with the need to conform to the local 

authority‘s height by boundary requirements. It would also have been more difficult to create the 

                                                 

16
 Rear sections are usually less desired and are therefore have a lower value. This is explored further in the Economics 

section.  
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ideal roof alignments for energy collection as the roof area facing north would be reduced or 

overshadowed.  

 

Apart from a three week period when the house was being moved and during holidays, the house 

was continually occupied by the study group. This extended the time required to complete the 

modifications, as work had to be undertaken in stages to suit family requirements. During the 

modification and reconstruction stage there were long periods where walls, ceiling and linings had 

been removed but not replaced, which had safety implications. Noise, ventilation and dust were at 

barely acceptable levels and privacy was limited. Most of the alterations were undertaken by the 

author with the occasional assistance of trades people. This provided control over the removal and 

recycling/reuse of the house materials and the good quality fitting of critical elements such as 

insulation.  
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Figure 12 The inconvenience (6
th

 May 04) 
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Space organisation 

The flexibility offered by a timber framed building for redesign is considerable and in this case was 

limited only by the budget and site restrictions. One aim was to maintain the existing partitions as 

this would reduce the need for additional material and thus the completed project‘s embodied 

energy. It was also an advantage for maintaining the structural integrity of the building and reducing 

costs by allowing the Building Permit to be obtained using NZS 3604 for structural design (based 

on keeping the original structural integrity of the house), as this removed the need for having 

calculations from a registered engineer. There were similar reasons for maintaining the existing 

sewerage and plumbing facilities and existing window positions. To promote their use, easy access 

had to be provided to facilities such as an external clothes line, worm farms for compost recycling, 

and the vegetable garden. Jurasovich (Jurasovich: 2003: p617) has established that use of a home 

office, when compared with the environmental impact of more traditional work spaces, offers 

considerable potential to reduce energy use and CO2 emissions. As one member of the study group 

had the option of working at home, it was decided to incorporate a space for a home office with the 

added benefit that a future purchaser could convert it to a bedroom, thus bringing the house more in 

line with current expectations (three bedrooms). The advantages of a home office are discussed in 

more detail in the Transport section. To create two bedrooms and an office and avoid increasing the 

house footprint it was decided to use the roof space for an additional bedroom. This was aided by 

the existing 35
o 

pitch that provided an acceptable area with sufficient headroom. The headroom was 

extended by the inclusion of a dormer in the roof with a window to provide daylight.  

 

The kitchen was changed from a small, dark, south facing room into an open plan 

lounge/living/dining room that improved communication and participation in domestic chores. The 

back wall was moved out 800mm to align with the existing laundry to create the additional space 

needed. This design change improved the kitchen layout and provided more natural light to a labour 

intensive space. This can be seen in Figure 23.  

 

Providing outdoor spaces for use in different weather conditions was essential for comfort and 

enjoyment. A north facing terrace was designed for morning and evening use but equally important 

was a south facing area for mid day summer use when sitting in shade is important. In fact, this area 

receives more use than the larger north facing terrace. 

 

 

Table 7 below summarises the spaces and their orientation in the new scheme. The redesigned plans 

are shown in Figures 13 and 14 and the lighting plan in Figure 15.  
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Table 7 House orientation 

 

Figure 13 Modified house plan with key to floor/deck coverings 

 

Room Preferred orientation Consideration 

lounge north-west afternoon solar access-screening for overheating 

hall     

bedrooms north solar access-early morning warm up 

bath west towel warming & drying from appropriately placed windows 

WC    ventilation 

laundry   access to outside clothes line 

kitchen east early morning warm up 

dining north solar access  
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Figure 14 House level 2 plan 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 15 Lighting plan 
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Figure 16 New site plan       Storm water sump 
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Figure 17 Subdivided properties  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Study plot area 421m
2
  Access driveway 91m

2
 Proposed new plot area 512m
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Table 8 Modified house 

New site and plan 

The subdivided site produced two new plots of 421m
2
 and 596m

2
 for front and back respectively. 

Included in the rear plot area is 84m
2
 of driveway. The subdivision process illustrates the wasteful 

nature of current, common urban infill practices in New Zealand, the origins of which lie in the 

original town plans as discussed in chapter one. Individual subdivision of rectangular plots creates 

long sealed driveways, required by Territorial Authorities for title registration (224c certificate). 

These are frequently adjacent to the driveways servicing the next door property as was the case with 

the study house. Not only did this increase the impervious area with the associated storm-water 

runoff but it also increased the project‘s embodied energy and at the same time reduced the 

potential building area and vegetable gardens. Alternatives will be discussed in the Future 

Directions chapter. Subdividing and house moving can be detrimental to existing mature plants and 

trees as can be seen in Figures 9 and 10. Care had to be taken to protect the large plants but 

unfortunately one large tree on the rear site had to be removed along with most of the smaller 

planting on the front site. New planting was undertaken immediately following repositioning of the 

house. The resulting study plot size was less than Ghosh‘s theorized optimum of 555m
2
 so some 

figures had to be proportioned when the final comparison calculations were made. This is clearly 

stated when it occurs. 

 

To achieve the required areas within the existing wall plates it was necessary to place one room 

within the ceiling space. This also reduced the house footprint and hence the impervious area. This 

objective was assisted by the 35
o
 pitch roof and addition of a dormer window to the north. It would 

Room Orientation Room area m
2
 Window area m

2
 Lights Watts Items 

lounge-dining north 29 7.4 150   

  north-east  1.9    

hall north 11.9 1.6 100 front door 

bed 1 north 14.1 4.08 240   

studio north 17.6 0.96 120   

wardrobe west 6.2 0.5 60   

bed 2/office south 10.7 0.72 100   

bath west 7.8 0.96 75 2 basins 

WC south 1.7 0.25 25 WC 

laundry south 2.6 0.48 75 1 tub 

kitchen south 7.7 0.4 175 stove & sink 

  east      

Totals   109.3 19.25 1120   
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have been possible to increase the house footprint up to the allowable 35 percent site coverage but 

this would have reduced the area available for planting and gardening. It was also considered 

desirable to position the house so an existing concrete slab could be used to support the proposed 

water collection tank. During the construction phase a door was placed in the east wall at the end of 

the galley kitchen for convenient access to the garden. This was not part of the original plan but 

proved very convenient in use. The convenience of a bathroom adjacent to the main bedroom, in 

effect the desirable ensuite for the main bedroom, was obtained by having double access via a walk-

through wardrobe off the main bedroom and off the circulation space.   

 Recycling and waste  

Construction and demolition (C&D) wastes contribute up to 50 percent of waste within New 

Zealand and are a current issue of concern, with the Ministry of the Environment setting a directive 

to territorial authorities to institute measures to have reduced C&D waste by 50 percent by 

December 2008 (Ministry for the Environment: 2009a). In addition, the Building Code requires the 

chemical treatment of the most common building timber, pinus radiata (Monterey Pine) against 

insect attack and for durability (B2/AS1), usually with mixtures of copper, arsenic and chromium 

(ACC treatment: NZ Timber Preservation Council), which means the disposal of timber off cuts 

requires discretion. For the study house the reuse of untreated house materials was the first priority, 

followed by the separation and stockpiling of treated timber until the end of the project, and finally 

its disposal using a hazardous waste container.  

 

Retrofitting can be a wasteful practice if consideration is not given to reuse of the surplus materials.  

Data on ―waste‖ generated specifically by retrofitting are hard to find but could be considered 

greater than new construction, as existing materials that have been removed are frequently 

discarded along with surplus new construction materials
17

. C&D waste is divided into five classes 

that include hardfill. In this project, bricks removed from the chimneys were sold for reuse and 

other hardfill not used for retaining walls on site was used for drainage material behind the garage 

block to provide a porous layer between the earth and the retaining wall. Plasterboard is a 

substantial contributor to construction ―waste‖ and it is standard trade practice to allow 10 percent 

of measured area for waste. As the study house was to have a new garden it was intended to use the 

gypsum to assist in fragmenting and enhancing the soil. Unfortunately, in the study house, 

carcinogenic plaster had been used as a decorative ceiling finish and 36m
2
 of board had to be 

                                                 

17
 Construction and demolition waste has been identified as a priority waste in the New Zealand Waste Strategy 2002. 

The Ministry for the Environment considers that construction and demolition waste represents up to 50% of all waste 

generated in New Zealand, 20% of all waste going to landfill and 80% of all waste going to clean-fill.   
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removed and disposed of at a controlled site. The painted paper surface of the recyclable 

plasterboard removed during the alterations posed a problem and this was solved by breaking the 

board up following removal and then discarding the painted paper surface. A total of 90m
2
 of 10mm 

board was recycled into the ground surrounding the study house. Tongue and groove timber linings 

were recycled. Rock extracted during excavation was used on site for landscaping and retaining 

walls. 

 

At the time that the house was built (1925), native timbers were readily available, particularly rimu 

(Dacrydium cupressinum or red pine) which was the principal timber used in New Zealand. As this 

is now a sought after finishing material it was easy to locate a joiner who would recycle the timber 

for reuse in the study house or retain it for future commercial use. There were economic and 

aesthetic reasons for recycling the timber, for example for the internal stairs. These were priced at 

$1300 in customwood or mdf (formaldehyde based adhesives and wood particles requiring 

carpeting) but using recycled timber from the study house the staircase cost $1000 (See Figure 18).  

The philosophy employed for any removed materials was: first choice, reuse the whole item, 

second, recycle within the project, third, sell to a trader or interested party, fourth, give to an 

interested party, and only finally, discard. The third step is important as this gives value to 

reclaimed materials: the more they are recognised to have value, the more likely it is that recycling 

of building materials will take place. 

 

Resene ―Environmental Tick‖ paints were used throughout the modified house. This labelling is a 

voluntary method of environmental performance certification provided by an independent third 

party that identifies and compares the product against environmental criteria. Some aspects of the 

criteria could be questioned, such as ―the validation of products in a competitive trading 

environment‖  but the purchase of Resene was worthy if only because Resene is the only company 

that will accept partially used and empty tins for recycling (enviro-choice:2008) 
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Figure 18 Stairs made from recycled timber (27
th

 June 08) 

 

 

 

 

 

 

 

 

 

 

 

Ventilation 

Timber framed houses being lightweight, react to exterior temperature fluctuations very quickly, 

overheating during warm weather and cooling down rapidly. This can be seen in Figure 39 in the 

Room Temperatures section. The lack of mass to moderate temperature fluctuations, inadequate 

insulation and insufficient consideration of ventilation at the design stage contribute to this 

situation. Introducing mass into the building fabric was not a practical option but designing for 

cross and stack ventilation to avoid summer overheating provided an opportunity to study the 

building‘s response to these types of ventilation systems. A double height space linked to the top 

bedroom was introduced in the centrally positioned hall. This allowed two double glazed opening 

Velux windows to be inserted into the south facing roof, providing a route for hot air to flow to the 

cooler side using natural buoyancy. The hallway was also used to provide cross ventilation with the 

front and back doors placed to allow airflow from north to south. This method dragged air from 

adjacent rooms. A safe vent, as originally used in a ventilated cupboard or meat safe before 

refrigerators were common, was reused with a removable internal cover behind the cooking hob to 

provide ventilation while cooking and when the house was unoccupied. Since this is on the south 

wall the natural convection of energy works very effectively for humidity removal and to reduce 

room temperature, with the warmer internal air flowing to the cooler outside. 
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The original house had two brick fireplaces with tall chimneys which would have provided 

uncontrolled ventilation. These were removed prior to the house repositioning. A ―dummy‖ 

chimney of the same proportions as the original was built on the south wall and used as a stack 

ventilator to a pantry, with access controlled by an adjustable vent. It added an aesthetic link with 

the original house although the function was different. 

 

Figure 19 Cross section showing stack ventilation routes 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 20 Original fireplace (3
rd

 Aug 03) 
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Figure 21 Double height hall with stack ventilation windows (3
rd

 May 06) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Humidity 

 

Windows were placed strategically in areas of high humidity for easy opening for direct ventilation. 

As mentioned above, humid air can be removed naturally from the cooking space in most situations, 

although an extractor fan was also provided.  
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Figure 22 Towel rail with afternoon sun (6
th

 Jan 08) 

 

 

 

 

 

 

                                                                     

 

 

 

 

 

 

 

 

 Note recycled timber bench tops and half height wall capping 

 

 

In the bathroom a towel rail was positioned opposite a  

window in the west wall. This allowed the late, low  

afternoon and evening sun to dry and warm towels,  

reducing reliance on a heated towel rail. 
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Figure 23 Kitchen ventilation (3
rd

 May 06) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Right hand cupboard doors provide access to stack ventilation via the dummy chimney, and the 

stainless steel removable cover on the splash back beneath the range hood allows ventilation while 

cooking and when the house is vacant. The corner windows aid cross ventilation.  

Figure 24 Attic room showing access to roof windows on upper left hand side for summer ventilation 
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Insulation 

Retrofitting of insulation posed several problems, with access to the external wall cavities being the 

most difficult. Potential solutions included foam injection and filling the walls with polystyrene 

balls. As the external walls had no building paper, injected foam would have been in direct contact 

with the exterior wall and could have allowed unwanted moisture infiltration. Polystyrene in contact 

with TPS cabling could cause leaching of the plasticiser and over time the PVC sheathing could 

become brittle and pose a fire risk. It was decided to remove most of the internal linings of the 

outside wall to allow neat fitting of fibreglass ―batts‖ made from 60 percent recycled glass. The 

added advantage was that building paper could be fitted between the studs and behind the timber 

weatherboards to reduce air infiltration into the house.  As the objective of the insulation study was 

to document any improvement in internal temperatures resulting from installing insulation in a 

house of standard construction, it was decided to use regulation insulation R values in the building 

envelope. Under the 1992 New Zealand Building Code, under which the study house‘s building 

permit was issued, the required insulation values were R1.8 m
2
degC/W for walls, R2.2 m

2
degC/W 

for ceilings and R1.3 m
2
degC/W for floors. The common thickness of a timber framed wall in New 

Zealand is a nominal 100mm and this partly restricted a higher level of insulation being achieved. 

The ceiling was easier to access and R2.2 ―batts‖ were fitted over the entire area. Polystyrene panels 

were used for under floor insulation which were fitted between floor joists and provided R1.3 

m
2
degC/W insulation. These were made from 50 percent recycled material. A problem linked to 

insulating under the floor became apparent over the study period. Alteration to normal humidity 

levels in the floor boards that had been stable for nearly 80 years, and changes to under floor air 

flows, created cracks in the centre of three floor boards up to 3-4 mm in width and 900mm long, 

although some of this splitting could also be attributed to direct solar gain. However, the under floor 

insulation also reduced air infiltration through the floor boards. Prior to installing this insulation, 

plastic sheets used to protect the floor when painting were frequently buoyed up by air inflowing 

through the tongue and groove joints. This did not occur following insulation. The original window 

glass provided very little insulation as the thickness was only 2mm. Any panes broken during 

construction were replaced with 4mm glass, though this still has a very low R value in comparison 

to wall insulation (U value of single glazing = 5.8 W/m
2
 K), but where possible the original glass 

sashes were left in place. This meant the windows were still very poorly insulated, with the only 

thermal protection coming from drawing curtains and blinds when it was dark - although this is the 

common practice in New Zealand. 
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Figure 25 Insulation installed in the walls      Figure 26 Insulation under floor 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Solar hot water 

EECA (Energy Efficiency and Conservation Authority) estimates that the average hot water use per 

person per day is 50 litres (EECA, 2006:4:1). It was estimated that the study house would need 4m
2
 

of solar hot water panel to provide its two permanent occupants with hot water on days when 

sufficient solar radiation was available. This is discussed in detail in the section on solar water 

heating.  
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Shading 

Sun shades planned for the north windows were never installed. This may have resulted in some 

overheating in spaces on these elevations, as the soffits were of inadequate width (350mm) to 

provide summer shading. The high stud height of the original house (2.9m), common in houses of 

the study house vintage, compounded the problem by creating an 800mm window head height. This 

meant that a 650mm wide sun shade would have been necessary to prevent the mid summer sun 

from reaching the floor through the lounge terrace doors
18

 in the north facing room, and this 

sunshade would need to be even wider for the earlier and later sun. With 42 percent of the north 

lounge being glass and no mass to moderate heat gain there was the potential for overheating (see 

Figure 40 and the following discussion in Room Temperatures). No windows, except the 

strategically placed bathroom window, were sited in the west wall to avoid excessive summer heat 

gain from the low angled setting sun. Existing deciduous trees provided summer shading to the 

north bedroom but the lounge and kitchen must rely on cross ventilation for cooling. Temporary 

shading was used on the north facing terrace. 

Food and household waste 

A proprietary two bin system was used to separate organic from inorganic material in the kitchen. 

This was concealed in a specifically designed cupboard. The organic material was fed to a worm 

farm conveniently located near the kitchen. Liquid produced by the farm was drained and used in 

the vegetable garden. Paper, glass and plastics were collected weekly by the territorial authority.  

Draught proofing 

Poorly fitted window frames increase the infiltration and hence ventilation heat loss of a building, 

and older timber framed windows such as those found in the study house are frequently ill fitting 

and difficult to seal. Several windows had gaps of 1 - 2mm that provided a direct air passage to the 

exterior. Refitting and installing proprietary seals were techniques used in these situations. 

Planting and carbon sequestration 

The reduction in planted area caused by urban infill can have a significant effect on a district‘s 

ability to remove carbon from the atmosphere by photosynthesis, a process known as carbon 

sequestration. Ghosh‘s study concluded  that ―…land area equivalent of average carbon 

sequestration per household per year was accepted as the indicator of carbon sequestration from 

trees and shrubs in residential blocks‖ and indicated that off site areas were potentially of more 

importance (Ghosh: 2003: p158). This is discussed in Section 3 of this chapter. Other factors to be 

                                                 

18
 See discussion above for the problem of split floorboards from reduced humidity as well as direct solar gain. 
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considered at the design stage were the ability of planting to reduce a building‘s cooling energy load 

and the creation and maintenance of permeable surfaces to avoid adding storm-water loading to the 

utility provider‘s infrastructure. Designing to protect established trees and shrubs, particularly those 

offering shade from the summer northwest afternoon sun, can reduce heat gain and the resulting 

high internal temperatures that can affect low mass buildings, such as the study house. Protecting 

trees and minimising a site‘s impervious surfaces are becoming increasingly difficult as inner city 

sites are reduced in area and house living spaces are increased. 

The study group 

The average household size in New Zealand is now 2.7 persons and the average age is 35.9 

(Statistics New Zealand: 2006). Statistics from the last census indicate household occupancy is 

declining and the national average age is increasing. Two people with an average age at the 

beginning of the research period of 53.5 years occupied the study house.  One travelled 5 kilometres 

each way to work, 5 days a week (11.4 km was the Auckland average commuting distance in 2001) 

(ARC: 2001) and the other worked at home. 
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SECTION TWO 

 

 

General 

In this part of the thesis the various aspects monitored are presented separately. Each section 

introduces the design issues involved with sizing and setting up the various systems, then the 

monitored results are presented and discussed. Later in the thesis the results are discussed as a 

whole. 
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Water 

Introduction 

The sustainability of any urban area relies on an adequate and reliable supply of fresh water. No 

human development, irrespective of scale, can exist without it. Throughout history, convenient 

access to water has dictated where towns and cities have been located and often any resulting urban 

prosperity. Authorities in modern cities are experiencing increasing difficulties supplying water of 

high standard to their citizens. Frequently demand outstrips supply even within the First World. 

California has enforced water rationing (Gorman: 2009), Singapore ―reclaims‖ water for indirect 

potable use (PUB: 2009) and Auckland introduced water restrictions during the drought in 1993-94 

(Watercare Services Ltd: 2004: p8).  

 

The Auckland Regional Council (ARC) has acknowledged that freshwater resources are scarce in 

its region (Auckland Region Council: 2008: p76) and maintaining a supply to the expanding city 

has required building a 38 km pipeline from the Waikato river at a cost of $155 million. This 

pipeline will contribute up to 50 million litres of the 332 million litres of water used in Auckland 

each day. Under the Resource Management Act 1991, the ARC is responsible for the protection of 

freshwater sources, with Watercare administering the bulk supply to the seven local councils, which 

retail  to the consumer (Royal Commission on Auckland Governance: 2008: p18). With Auckland‘s 

demand for water increasing at a greater than national rate (3.9 percent as opposed to 1.5 percent) 

this gives an anticipated growth in consumption of 1.6 percent per annum and an accumulative 

growth of 17.2 percent by 2018  (Watercare Services Ltd: 2004: p7). This project addresses the 

arguable need to encourage other sources of water supply including rainwater tanks, grey water 

reuse and water conservation to provide a sustainable supply. 

 

Charging for water is a contentious issue. Auckland councils meter and charge consumers via a 

council owned company, whereas other municipal authorities, such as Christchurch, have the cost 

of supply built into the household rates. Bate, taking an international perspective, argues that a 

monopoly of supply can be manipulated by administrations for their ―….own political ends‖ (Bate: 

2006: pvii). The introduction of development fees to cover new hydro-infrastructure costs (for water 

supply, waste water, stormwater and management) in Auckland and other New Zealand cities has 

been challenged in court by developers.  In September 2008, the method of application was found 

by the High Court to be unlawful and substantial refunds had to be made for public space 
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infrastructure contributions (Roger King ACC Manager per. com. 02 April 2009). Finding suitable 

sources of revenue to provide infrastructure is a challenge for most New Zealand cities.  

 

There are many methods to measure and calculate ―sustainability‖ and the five indicators used by 

Ghosh to assess residential areas in New Zealand have been discussed in chapter 2 of this thesis. 

Ghosh excluded water requirements from her final list of indicators because of the difficulties of 

accessing the impact of water collection on overall energy use, and all of her indicators were 

normalised for energy (and land equivalent) to allow direct comparison (Ghosh: 2003: p89). On the 

scale of a single house, this research was able to include water as part of suburban sustainability, 

but no attempt was made to calculate the energy needed at a municipal scale to supply potable water 

to Auckland consumers. An alternative method to energy is to compare the Ecological Footprint of 

water supply (see Chapter 2). On a house scale, the latter method can be used to calculate the off-

site land areas needed to support a household - and this includes the rivers, lakes and reservoirs 

required to supply and store fresh water. Residential sites have the opportunity to harvest rainwater 

and to reduce their ―footprint‖, and it was decided to collect data and to calculate the effect of 

reducing the impact on Auckland‘s demand for water.  

 

Most areas of New Zealand receive between 600 and 1600 mm of annual rainfall. Auckland 

averages 1240mm per year
  
(Ghosh (2003: p293) uses 1185mm per year) with 137 days in the year 

having 1mm or more. Most rain falls during the winter months of June, July and August. The 

highest rainfall fall is in July (146mm) and the lowest in January (75mm), a 51 percent variation, 

see Table 9.  

 

Table 9 Mean monthly rainfall (mm) for 1991-2000 for Auckland.  (http://www.niwascience.co.nz/edu/resources/ 

climate/meanrain/07/09/08). 

 

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC YEAR 

75 65 94 105 103 139 146 121 116 91 93 91 1240 

 

With statistical data indicating rainfall throughout the year there was potential for the study house to 

collect roof water to reduce or eliminate dependence on the urban supply. The research offered the 

opportunity to consider the practicality of this approach on a small site in an urban environment and 

on a small site. Difficulties included positioning an adequately sized holding tank, providing 

potable water, designing a reliable delivery system and, perhaps most importantly, overcoming a 

http://www.niwascience.co.nz/edu/resources/
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territorial authority directive that prohibited roof collected rainwater being used for drinking within 

the municipal area.  

 

The On Site Stormwater Management Manual (OSM) published by the Auckland City Council 

(ACC) provides guidance for installation of rainwater tanks. It states (section 6-5 (a) (i)) : ―Based 

on an evaluation undertaken on behalf of Auckland City, rainwater is considered suitable for the 

following uses: Toilets, Outdoor taps…‖ and later it includes washing machines. The document 

concludes in (ii) that ―Water must not be used for drinking.‖ This directive appears to be at odds 

with the position taken by the ACC on Waiheke Island, which is inside the council‘s jurisdiction, 

but where no potable water is supplied to consumers, who must use roof collected rainwater or 

borehole water for drinking. This is discussed further in the conclusion to this thesis, but it should 

be noted that it is an ACC company which charges its citizens for water, so the council may not 

wish to reduce demand by allowing households to collect water. 

 

Research has indicated that, in New Zealand, potable water can be obtained from rainwater without 

treatment, provided the system is adequately designed and regularly maintained. A five year 

Massey University study of 560 private roof collection systems in the North Island found that many 

catchments systems failed ―…to adopt even the simple physical measures to safeguard the water…‖ 

with 30 percent of the sampled tanks containing faecal contamination (Abbott et al: 2004). This 

statement is qualified by the authors whose research also established that, provided the rainwater 

―….is collected from a well maintained system, it is probably safe to drink and is unlikely to cause 

any illness in most users‖ (Abbott et al: 2004: p3). This is borne out by the citizens of Waiheke, 

most of whom do not treat their rainwater and where there has been no water-related illness (Vale 

and Vale: 2000: p118). For the study house it was decided to incorporate the features recommended 

by the Ministry of Health in the brochure Water Collection Tanks and Safe Household Water. A 

‗first flush‘ device is recommended, to divert the first flow of rainwater containing the most 

contaminants to a small storage tank to be used for garden watering, and an inlet pipe that enters at 

the bottom of the tank to avoid creating a still water zone. Filtration with backflow prevention is 

also recommended, and is mandatory in the ACC OSM manual (see appendix two). Waitakere City 

Council, also part of Auckland, requires a tank water quality test every six months, a small works 

consent and backflow prevention between the town supply and the tank supplementary inlet but, 

interestingly, does not preclude rainwater being used for drinking (Waitakere City Council: 1998: 

p12).  
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Design of the rainwater system 

The tank was positioned on the existing concrete floor of an old tool shed which provided a solid 

base and offered an opportunity for recycling. To achieve maximum storage in the space available 

required use of a rectangular bladder rather than an off-the-shelf plastic or concrete tank. Burying 

such a tank was not an option as this would have required excavation into rock. The top of the 

structure holding the bladder was to be used as an outdoor terrace, adjacent to the kitchen, providing 

access to the garden and worm farm. Calculations indicated that a tank of 15,000 litres would be 

required for water self sufficiency (see Calculation 4). As the available space only allowed for a 

9,000 litre tank a top up flotation system from mains water was devised to keep the tank at least 

one-third full. One tap connected to the town supply was provided upstream of (but adjoining) the 

tank for emergency filling and cleaning. The roof collection area is 151m
2. 

The terrace area run off 

is directed to a soak pit rather than to the collection tank to avoid drinking water contamination by 

foot traffic and cleaning detergents. A tank overflow was also connected to the soak pit (see Figure 

16 for its location). This design allowed the containment and disposal of all stormwater on site, thus 

replenishing groundwater and not adding load to the stormwater infrastructure. It would have been 

interesting to explore the use of vegetation rain beds to retain and dispose of excess rainwater but 

this was not permitted by the District Plan. The existing Marley plastic rainwater spouting was 

maintained and altered where necessary, as replacing the whole system would have resulted in 

considerable wastage. 

 

In this system an electric single phase pump is used to provide instant high pressure on an ―as 

required‖ basis, with an adjunct filtration system for water purification prior to entering the house. 

Other considerations were suitability of the roof material and the ability to disconnect downpipes 

for roof cleaning. A proprietary compact filtration system manufactured by Aquaflo was installed, 

measuring 800mm x 400mm and incorporating two replaceable filters of 5 microns and 1 micron 

with an ultraviolet lamp using 27 Watts or 0.65 kW per day. It is recommended that filters and 

lamps are changed annually (see appendix three). 
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Figure 27 UV and filtration system 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Rainwater harvesting formula 

To measure the amount of water that could be harvested from the study house, a calculation 

provided by the Waitakere City Council was used. This calculation uses only 66 percent of the 

average rainfall to allow for drier years, and provides for a further 10 percent loss by evaporation 

and first flush diversion (Waitakere City Council: 1998: p10). Rainfall for the study period was the 

figure recorded at the NIWA Onehunga site, which is 5 kilometres from the study house. The roof 

area available for rainwater capture is 151m
2
. 

 

Equation 1 calculated rain collection and the measured collection of the study period. 

Amount of rainwater captured (litres) = roof area (m
2
) x 0.66 x 0.9 x annual rainfall (m) (Waitakere 

City Council: 1998: p10) 

Average captured rainwater = 151 x 0.66 x 0.9 x 1240mm = 111221 (litres) or 111 m
3
   

(304.7 litres per day)   
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The average captured rainfall calculation provides for drier years through underestimating the 

rainwater that is likely to be collected. During the first year of monitoring, sufficient water was in 

fact captured to give the equivalent of 414.8 litres per day as shown in Equation 2.  

 

Equation 2 measured rain collection during study period 

Rainwater captured in study period = 151 x 0.9 x 1114mm = 151392 litres or 151 m
3 

(414.8 litres 

per day) 

 

It is predicted that Auckland will receive more frequent heavy rain events, more evaporation, drier 

springs and wetter summers (Auckland Regional Council: 2006: p2-16) as the result of climate 

change. This indicates that a large storage tank might be needed to provide a supply for 

unpredictable rainfall in the future.  

 

A study undertaken by BRANZ of water use on the Kapiti Coast (WEEP), revealed seasonal 

variations in household water usage (Heinrich: 2007: p53). The average person used 168.1 litres per 

day (l/p/d) in winter with the range varying between 60 and 260 l/p/d, and 203.9 l/p/d in summer 

with a variation of 60 to 300 l/p/d
19

. The study acknowledged that increased summer usage was 

mainly due to garden irrigation as indoor water usage remained stable. It also concluded that low 

flow shower heads and water efficient washing machines provided the largest potential residential 

water savings. For financial reasons the top loading washing machine in the study house was not 

replaced with a more water efficient one, but the existing shower head was changed for a head that 

allowed adjustment in flow and pressure, allowing the user to set preferences. The full range of 

water appliances in the study house are shown in Table 10. These decisions reflect what might 

happen in house conversion as often people are reluctant to change appliances which are not worn 

out, even when spending money on other items, such as installing new taps which might, in fact, 

show less resource reduction. This is because money spent on fixtures for a house is perceived to 

add to its value, and hence is potentially reclaimable when the house is sold, whereas money spent 

on a new appliance is not. This is a situation which will change only if there is comprehensive 

labelling of the environmental performance of a house, including all fixtures and fittings, at point of 

sale. 

 

 

 

                                                 

19
 Prior to the 1993-94 drought in Auckland, consumers used 330 litres per day per person. This fell to 270 l/d/pp during 

the crisis but increased to 300 l/d/pp afterwards (Watercare Services Ltd, (2004) Auckland).  
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Table 10 Household water facilities 

Item Number Facility  Comment 

toilet 1 cold dual flush 

bath 1 hot & cold over head shower 

basins 2 hot & cold bathroom 

sink 1 hot & cold dishes 

tub 1 hot & cold laundry 

washing machine 1 hot & cold laundry 

taps  3 cold exterior 

 

Water Data Collection Methodology 

Total water consumption readings were recorded monthly for 4 years. These readings were taken at 

the utility provider‘s (Metrowater) meter which was positioned at the front boundary. The meter 

was replaced when the house was reconnected following its repositioning. A spreadsheet was used 

to record, on a daily basis, the number of occupants, the number of showers or baths, and the 

frequency of dishwasher use. Children were each recorded as a half occupant. This may have 

slightly distorted the daily water use as the WEEP study found that households with children had a 

higher proportion of baths, although it conceded that a larger study group would be needed to avoid 

generalisations (Heinrich: 2007: p14). It should also be noted that larger households would 

normally be expected to have a lower daily water use per person as some water uses, such as 

washing machine use, gardening watering and household cleaning, occur irrespective of the number 

of occupants. For this reason the study house with a regular occupancy of two would be expected to 

have a higher average water usage. For a comparable study of the house before and after its 

conversion it was necessary to complete the house modifications so that household facilities were 

the same and the only difference between the research periods was the use of harvested rainwater in 

the 2005 to 2006 period. During 2003 and 2004, as shown in Figure 12, when the house was being 

converted there were incomplete facilities and a diverse lifestyle that did not allow accurate data to 

be collected.  

 

The annual water usage comparison began on 1st March 2004 following completion of new 

plumbing amenities but prior to the installation of the pump. The water pump was installed on 13 

February 2005 but not commissioned until 1 March 2005 when the second recording period started. 

The two study periods were therefore from 1 March 2004 to February 2005 and March 2005 to 

February 2006 and are referred to as the 2004 and 2005 study periods respectively. A monthly diary 
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was kept that included weather conditions, frequency of town supply inflow and garden watering 

and any abnormal water use. A sample is found in appendix four. 

Data Analysis 

To compare the performance of the house with rain water collection it is necessary to have some 

idea of conventional water use in a similar suburban household. Estimates of average daily water 

consumption per person vary. Metrowater
20

 estimates that the average Auckland resident uses 180 

litres (Watermatters: 2008: p1), WEEP in its Kapiti Coast study (2007: p34) suggests the average is 

185 litres although it speculates users with an average of up to 230 litres exist. Watercare
21

 states 

that use in Auckland is 300 litres per person per day. It is claimed that the citizens of Auckland use 

less water than those of Melbourne, Sydney and Christchurch (Water Services Ltd: 2004). In her 

Water Requirements and Deficit chart 4.15 Ghosh uses 230 litres per person per day (Ghosh: 2003: 

pp88-89)
22

.  

 

Table 11 below shows the annual water use in the study house prior to the installation of rainwater 

harvesting (2004 period) and the water purchased from Metrowater following the installation of a 

rain water harvesting system (2005 period). 180 litres per person per day was used (l/p/d) as a guide 

for conventional consumption in the following analysis as this was the latest and the most 

conservative of the estimates. The number of occupation days (1 person equals 1 occupation day) 

was used to calculate the hypothetical total water consumption and this is compared with the actual 

in Table 11.  

 

Table 11 Comparison of water use during research periods  

    average  

expected 

household actual annual 

 actual annual household 

purchased l/p/d 

Period occupation days expected l/p/d  annual m
3
  household purchased m

3
   

2004 624 180 112.32 146.50 234.78 

2005 667 180 120.06 47.20 70.76 

 

                                                 

20
 Auckland City Council‘s commercial consumer supplier.  

21
 300 l/pp/pd Ibid.. There is a considerable difference between the Auckland Water Services Management Plan (MP) 

and the figures from Watercare. The lower, latter figure was used in the calculations which may better reflect domestic 

use as the per capita figures of MP could include commercial usage.  
22

 These consumption rates can be compared to international rates :, Israel 260 litres per capita and southern California 

753 litres per capita (90 -100m
3
 and  250 – 300 m

3 
respectively) (Chatterji, M., Arlosoroff, S. and Guha, G. (Eds.) 

(2002) Conflict management of water resources, Burlington, VT : Ashgate, Aldershot, Hampshire, England). The UK 

per capita use is 150 litres (www.cambridge-water.co.uk. sighted 16/09/08). 
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Table 11 shows that the study house, at an average consumption (180 litres per day) should have 

purchased 112.32 m
3
 of water from the utility provider for the 2004 period. The actual purchase was 

146.50 m
3
 which was 30 percent above average consumption.  

 

Figure 28 Household water consumption for all years during study period (kilolitres)  

 

Figure 29 Household water consumption data for years to be compared (kilolitres) 
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Following the installation of the rainwater water harvesting system (2005 period) there was an 

annual reduction in water consumption of 99.30 m
3
, with water consumption going from 146.5 m

3
 

per year to 47.2m
3
 a 78 percent reduction from the previous actual consumption. This represents a 

monthly mean reduction from 12.2 l/p/d to 3.9 l/p/d. This reduction can be directly attributed to the 

use of rainwater harvesting.  

 

Figure 30 Monthly rainfall for years to be compared (mm) 

 

(Sources: 2004 & 2005 monthly rainfall from ARC Onehunga gauge and Auckland monthly average from 

www.niwascience.co.nz)  

 

Equation 3 below shows the annual water in m
3
 purchased from the utility provider for each 

research period. This is converted to litres and divided by the total number of occupancy days to 

give the average number of litres of water each person consumed for each day they occupied the 

house.  

 

Equation 3 : Litres per person per day 

2004 research period: 146.50m
3
 = 146,500 litres / 624 (occupancy days) = 234.78 l/p/d 

2005 research period: 47.20m
3
 = 47,200 litres / 667 (occupancy days) = 70.76 l/p/d 
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According to Equations 2
23

, 151 m
3
 of rainwater were harvested giving a total combined annual 

usage of 198m
3
 (151m

3
 harvested and 47m

3
 purchased). This would equate to 227 l/p/d, which is 26 

percent above the average according to Metrowater‘s figures. As shown in Table 11 this is slightly 

lower than the 2004 research period when consumption was 30 percent above average. It is difficult 

to ascertain why this above average use occurred but it could be surmised it was because of a small 

increase in all areas. For instance one of the study group preferred warm water for washing in the 

mornings. Run off to achieve warm water, even though the pipes were insulated, required an extra 

2.5 litres per day or potentially 912 l/per year (0.9 m
3
). This represents half of the estimated daily 

potable water required per person for cooking, drinking and food preparation (Waitakere City 

Council, 1998: p3). It may also to some extent confirm that smaller households have a higher daily 

use of water per person because facilities are shared between fewer people as mentioned earlier.  

 

Two WEEP study findings were that 8.7 percent of household water use was outdoors over the 

summer (Heinrich: 2007: p18), and that the higher consumers were also the users of additional 

water for summer outdoor watering. As the outdoor use was not monitored separately in the study 

house it cannot be confirmed that gardening contributed to an aggregated above average water use 

but 8.7 percent of the 2004 summer total would be 5.5m
3
.   

 

Table 12 shows the annual purchased consumption split into seasonal use with the total summer 

(December, January and February) and winter (June, July and August) purchases compared.  

  

Table 12 Comparison of purchased water in different seasons 

year Summer m
3
 Autumn m

3
 Winter m

3
 Spring m

3
 Total m

3
 Difference 

between summer 

and winter m
3
 

Difference as % 

of  total 

purchased water 

2004 63.2 30.3 21.6 31.4 146.5 41.6 28% 

2005 14.9 21.2 1.1 10.0 47.2 13.8 29% 

 

The steep increase shown in consumption for summer 2005 (14.9m
3
 as opposed to 1.1m

3
) would 

indicate that garden watering contributed a far greater percentage of the total water consumption in 

the study house than the WEEP report suggests. Low rainfall in January as shown in Figure 30 

would have contributed to the summer increase, with the water purchase for this month being 7.3 

m
3
 compared to 4.0 m

3
 and 3.5 m

3
 for December and February respectively.  

 

                                                 

23
 Rainwater captured in study period = 151 x  0.9 x 1114mm = 151364  litres or 151 m

3
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In October 2004 the garden was established and this occurred at a time of a decrease in rainfall that 

is reflected in the monthly rainfall graph Figure 30. Also the house was water blasted in preparation 

for painting and this operation used 2.87m
3
 of water. The shower was used 671 times during the 

2004 period and the bath 11 times, suggesting that despite the high water use per person, conscious 

efforts were being made to save water even though rain water was not yet being harvested. 

 

The higher 2005 March consumption figure (Figure 28) may reflect the fact the garden was still 

being watered at that time because the rainfall was low (Figure 30). There is a steady decrease in 

town water use over 2005 with one abnormality in September, with an increase in both rainfall and 

town water use during this month. Diary records verify the tank was filled to one third (3000 litres) 

with town water two days prior to a steady downpour. Filling occurred five times during the study 

period and twice the tank overflowed with rainwater going to the soak pit. The shower was used 

646 times, the bath 23 times and the dishwasher 17 times during the period of rainwater harvesting.  

 

One aspect of rainwater harvesting that could not be quantified but was considered by the study 

group to be important was the smell and the taste of water. Chlorination of town water is standard 

and its smell is noticeable. Avoiding the need for chlorination because of the filtration and 

purification system was considered a benefit. 

Economics of rainwater collection 

Auckland City‘s Metrowater charges for supplying potable water and for the discharging of waste 

water. The latter is assumed by Metrowater to be 75 percent of the former. There is an annual fixed 

service charge per household, and separate differential rates for potable water purchase and 

wastewater discharge. These charges are currently (2009) $1.475 and $3.535 respectively. The 

consumed household water is measured in m
3
 by a meter for each rateable property, usually at the 

property boundary. Some apartments have combined metering and these would usually be billed 

proportionally. There is therefore an economic advantage, under the current billing system, in 

reducing the initial purchased volume, so if rainwater is harvested and less water purchased, the 

charge for waste water disposal will also drop. However, if household use of rainwater became 

commonplace it is likely that Metrowater would change the billing system to reflect the differential 

between the purchased amount and discharged amount. 

 

 It can be seen from Table 12 below that for 2005 Watercare was deprived of $400.00 of normal 

charges by the use of rainwater for the study house and are, in fact, legally entitled to recoup this.  
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Table 12 Wastewater charge with and without rainwater harvesting 2005 

Purchased 
Metrowater 75%  Purchased &  Metrowater potential  Difference $ 

 actual m
3
 

wastewater charges $ rainfall m
3
 

75% wastewater charges 

$   

47 125 198 525 400 

 

 

Table 13 Water tank construction and installation costs 

Item  Cost $ Total Annual saving $ yrs to repay 

timber construction for bladder frame 627.24    

sand base to support bladder 44.71    

bladder (installed) 2,013.75    

pump 1,186.13    

filter 1,155.00    

plumber (including parts) 1344.53    

electrician (including parts) 301.67 6673.03   

      

Reduction in town supply water purchased m
3
 

(151m
3
) 1.41 213.00   

Reduction waste water  m
3
 (151  m

3
 @75% = 75m

3
) 3.54 400.00  613.00 10.88 

 

Table 13 shows the annual saving for the study house for the 2005 period from collected rainwater. 

The annual cost of replacing filter cartridges and ultra violet lamp are not included but these are 

small. The method used to construct the study house tank of timber wall and bladder would have 

been more expensive than using a proprietary concrete or plastic tank. Use of the latter would have 

reduced the costs by approximately $1100.00 but for the study house it would have reduced the 

storage volume. Some councils offer rebates on fees and installation cost if rainwater tanks are 

installed (Waitakere City Council Ecowater brochure). As these vary from council to council, 

rebates are not included in the calculations.   

 

The calculations in Table 14 below show the savings from water purchase only if waste water was 

metered and charged separately. The years to repay are at a flat rate and make no allowance for 

water charges increasing during the repayment period.  

 

Table 14 Water tank economics for water only 

Item Cost Total Annual saving yrs to repay 

tank and equipment incl. installation   6673.03     

town water supply m
3
 (151m

3
) 1.48   223.50 30 
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Territorial authorities frequently promote the use of rainwater for household non potable purposes. 

Apart from not using the ultra violet lamp and high level filtration system, the economics of doing 

this would be similar to those of the study house as shown in Table 14. The tank and pump system 

would still be necessary to provide water for non potable use such as toilet flushing and washing 

machine. Backflow prevention and a separate plumbing system for the non potable water would 

increase the normal plumbing costs. The cheapest choice would be a gravity fed rainwater 

collection garden watering system without any household connection. The plumbing necessary to 

install a separating potable and non-potable household water system, especially when retrofitting, 

would be more expensive than installing the complex filtration system used by the study house. 

Theoretical autonomous rainwater supply  

To calculate the size of tank necessary to supply the study house for the whole year without the 

need to purchase water, the following calculation (Equation 4) was undertaken. Sizing is based on 

water collection during the three driest months of the year as set out below. 

 

December 91mm, January 75mm, February 65mm = 231mm (Average monthly rainfall from 

NIWA: mean monthly rainfall 1971-2000) 

 

Equation 4 Rainwater tank sizing for stand alone supply 

Rainwater captured average over driest three months = 151m
2
 x 0.66 x 0.9 x 231mm = 20719 litres 

or 20.72 m
3
 (Waitakere City Council: 1998: p10). This is an average 20719/90 = 230 litres per day

     

 

The water consumption over that period for the study house would be 236 litres x 2 persons = 472
24

 

litres per day. Allowing for 30 days without rainfall the tank size would need to be 472 litres x 30 

days = 14160 litres. Entering the driest period of the year with 15000 litres of water with the safety 

factor of collecting a further 20719 litres gives a total for the summer months of 35719 litres or 397 

litres per day. Accepting that people are more careful in water use when they are on tank water this 

would be a reasonable position for a house with no other water supply. 

                                                 

24
 WEEP estimates that an additional 36 l/p/d are used in summer Heinrich, M (2007) BRANZ, Wellington, and taking 

200 l/p/d as the average, summer consumption would be 236 l/d/p.  
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Conclusion 

Reliance on utility supplied water can be substantially reduced or eliminated by using rainwater 

collection. The level of reduction is dependent on several factors, the most important being the size 

of storage tank that can be installed and the configuration of stormwater guttering. For suburban 

sites like that of the study house, smaller systems not aimed at full independence have the most 

potential because of site restraints in positioning a large enough tank to cover low rainfall periods. 

Provided the system is correctly designed and maintained it is unlikely to pose any health risks to 

the users. On a slightly larger site like Ghosh‘s calculated optimum, it would be possible to have a 

sufficiently large tank to fully supply an average household except possibly in drought periods. The 

last droughts experienced by Auckland were in the summers of 1993 and 1994. A move to 

household collection would not only reduce the need to locate new sources of suitable water but 

would reduce the energy requirements to treat water to a potable level centrally. Small treatment 

plants may prove to be more energy efficient and to incorporate less embodied energy than 

municipal sized plants, but this will need further research.  

 

At current supply charges, the economics of installing a household potable or non potable system 

are debatable, and such a system would become less economic if wastewater were to be charged 

separately. This situation may change if an increasing demand for potable water becomes difficult 

to satisfy or charges have to increase to meet both running costs, and costs of replacement plant and 

infrastructure needed to supply to households with potable water.  

 

At present, the cost of managing stormwater is included in city rates and not charged individually 

according to need. There is an economic benefit to the city from rainwater harvesting by reducing 

the infrastructure required to cope with this sometimes intense load through utilizing rainwater 

tanks as detention tanks.  

 

Gravity fed systems may be the most economic for households but would not be practical or 

acceptable as whole house systems because of their low pressure. These are most suitable for 

garden watering and other outdoor water needs.   

 

Territorial authorities should consider inspection regimes that would allow the granting of resource 

consents for rainwater harvesting for drinking water and should implement recommendations set 

out in the Auckland Water Management Plan that require water tanks for developments in urban 

and greenfield areas. This would ease the demand on utility suppliers within urban areas. If the 

council considers lack of control over the microbiological quality of urban drinking water would 
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lead to health issues, then why is it considered safe both for Waiheke Island residents and the many 

people living in rural areas with no reticulated supply, to use roof collected water? Over 10 percent 

of New Zealand‘s population rely on this form of water supply and the only health related issued 

raised is one of tank maintenance (Abbott et al: 2004: p1). 

 

Research should be undertaken into the economics of financial assistance to households for 

installing water tanks compared with the cost of developing new infrastructure. It can be seen from 

Table 14 that at the current cost of water supply alone (excluding waste water charges) it would not 

be economically worthwhile for a householder to install a water retention tank for drinking or even 

garden watering.  

 

Any alteration to the existing delivery and charging system may not be viewed favourably by 

Metrowater, as it is required to provide a set return on the public investment to the shareholder, 

Auckland City Council. The surplus for 2007 was $14.1 million which was already below 

expectations (Metrowater Annual Report 2007). 
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Garden produce, organic waste and carbon sequestration 
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Introduction 

The associations between a garden, health, and self sufficiency have been a common thread in New 

Zealand suburbanisation. At the same time as Hurst Seager began advocating town planning and  

garden cities, ―a new crop of garden manuals‖ (Brookes: 2000) were published. One 1915 manual 

by the Christchurch columnist A.E.Lowe showed the proposed landscaping for a 1/8 acre (505m
2
) 

section with a 1250 sq ft (116m
2
) house (Lowe: 1915: p21). This plan illustrates the importance of 

the vegetable garden during this period, as over half the site was allocated to it. Even with the 

adoption of house designs less influenced by British norms, the vegetable garden has remained a 

significant component of the landscaping. The Californian bungalow lost its communal front lawn 

in transition from America (Brookes: 2000: p88) but gained a screened back garden. Landscaping 

suggestions for Modernist houses included substantial areas for vegetable gardens (McPherson: 

1943). During WWII the population was encouraged to grow vegetables as a ―…worthwhile 

contribution towards final victory‖ and were warned that the ―post-war prospects (for food 

shortages) were grim‖ (Pritchard: 1942). It may have been for this reason that the state housing 

programme maintained an emphasis on home gardens with subdivisions designed to ―…guide, 

assist[s], and encourage[s] garden activities.‖ (Firth: 1949: p13) Until the 1970s, home grown 

vegetables formed an important part of the household economy (Schrader: 2005: p145). More 

recently, the association between having a garden, health and self sufficiency has diminished with 

smaller suburban lots, alternative uses for exterior space, increasing affluence, and the ease of 

supermarket shopping. 

 

A number of researchers have documented the advantages of home gardens and localised food 

production (Pritchard and Vale: 2000), (Ho: 2001), (Chhima: 2002), (Ghosh: 2003), (Buchwald: 

2003: p17). The advantages are said to include reduced fossil fuel use, greater CO2 sequestration, 

reduced pesticide use and soil deterioration, and maintenance of genetic diversity (Ghosh: 2003: 

p164). The health benefits from exercise and eating fresh produce, reduced household expenditure 

and a more pleasant living environment have also been included.  

 

Prichard and Vale have pointed out the level of embodied energy in packaged and manufactured 

food and the fact that this has an ―… appreciable effect on the energy equations in the food life 

cycle‖ because modern agricultural practices have a high use of non renewable energy sources 

(Pritchard and Vale: 2000: p3). One of the more energy intensive horticultural activities is tomato 

growing where it is estimated that 38 MJ is required for 1 kilogram of produce, with emissions of 

125 kg CO2 per m
2

 of green house cultivated area (Barber: 2003: pp9-10). Urban living may 
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encourage consumption and with it the embodied energy in food, as market forces encourage people 

to buy food rather than grow it at home. Research has also illustrated that there is a potential for 

national energy savings from having home gardens.  

 

Research compiled by Ghosh concluded that 103m
2
 of garden in Auckland would produce 43 

percent of the vegetable requirements of an average household (2.9 persons, 1994) (Ghosh: 2003: 

p167), or a cultivated area of 35.5m
2
 per person. Another thesis on compact urban form for 

Auckland by Chhima concluded that ―Assuming no wastage, the 35m
2
 vegetable garden could 

provide an average person with approximately 62% of their annual energy consumption from 

vegetables‖ (Chhima: 2002). Ho, in a practical study, illustrated that in Auckland a 50m
2 

garden 

could, between January and March, produce all of the vegetable requirements for five adults. This 

garden produced an estimated $1,308 worth of vegetables over a year, with a setup cost of $150. 

The thesis concluded that ―…there is a good economic incentive for people to grow their own 

food…‖ (Ho: 2001).  

 

The garden for the study house needed to supply produce for two people. Therefore it could be 

assumed that 71m
2
 of garden would be adequate to supply nearly half of the household 

requirements. Two interrelated Auckland City Council building regulations controlled the new 

position of the house and therefore the vegetable garden position and area. The height to boundary 

regulation stipulated that the gable ends of the study house did not protrude through an angle of 45
o 

drawn from a point 2 metres above the boundary and a minimum clearance of 525mm was required 

between the underside of the floor and the ground-line. To establish the ridge at a compliance level 

required lowering the ground, which exposed volcanic rock. The volcanic rock provided good 

drainage but required hardy plants capable of surviving in a dry environment. The extracted soil 

was stockpiled for use in the vegetable garden.  Because of the rock, the front garden was deemed 

unsuitable for vegetable growing and was replanted to be in keeping with the rest of the street. Only 

31m
2
 (43.6 percent of the estimated required area) was, therefore, available for a vegetable garden 

at the study house. Ghosh‘s optimum plot size of 555 m
2
 is 134 m

2
 larger than that of the study 

house, and this would provide, on a pro rata basis, an additional 10.3 m
2 

giving a total of 53.9 m
2 

for 

garden use (71 m
2 

is 12.8% of 555 m
2
). However, it was decided to go ahead with the 31 m

2 
garden. 

 

Planting began on 5 October 2004 and the garden has produced a variety of seasonal vegetables and 

fruits since. These are listed below in Table 15. In addition, the herb garden has produced borage, 

parsley, thyme, mint, lemon grass, bay leaf, nasturtium, coriander, garlic, basil and chives, but the 

quantities of these were not recorded. Several vegetables were cropped but not recorded because of 
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the small periodically harvested quantities. These include silver beet, broccoli, cauliflower, taro, 

water cress, bok choy, carrots, apple cucumber, buttercrunch, capsicum, corn and beetroot. Rhubarb 

provided year round desserts along with other fruits that included lemons from an established tree 

(52), cape gooseberries, strawberries and feijoas. Lemon verbena leaves were used to make tea. 

This was a source of interest to visitors as leaves could be picked at the time of use and provided a 

pleasantly fragrant lemon flavoured drink. Chokos (a popular Asian vegetable) were already 

growing on the site outside the vegetable garden area and were in abundance for soups, casseroles 

and stir fries. Many kilograms were given away to friends or sold. The quantity harvested was 

estimated at over 100 kg. Water cress was picked from the fish pond and used as a vegetable.  

 

Newspaper and plaster board removed from the house were added to the garden (see Fig 32) when 

it was established, to assist in breaking up and enhancing the soil while reducing waste. Some 

organic material was dug directly into the soil rather than being recycled through the worm farm. 

Very few garden tools were required: only a fork, a spade, a shovel, a weeding knife and a hoe. The 

fork was provided at no cost by friends, the shovel and spade were obtained free from the kerbside 

during the inorganic recycling week in Auckland, although both required new handles, and the hoe 

and weeding knife were purchased at a garage sale for $2. Following the establishment of the 

garden the shovel was seldom used and was possibly not required. The wheel barrow was owned 

the author and was the most expensive item although it used more often for building activities than 

the garden.  

Garden design 

As noted, the garden could be only 31m
2
 and it was desirable to have it as level as possible for ease 

of use and for it to be close to a water supply. Easy access to the laundry was also desirable as 

washing machine water (grey water) could more easily be moved by bucket to water the garden. A 

timber terrace was positioned adjacent to the garden with a goldfish pond and waterfall. This 

provided a convenient walkway, a pleasant background and a cool spot for afternoon lunches while 

discussing planting options and harvesting (Fig. 33). The garden bed was raised 250mm above the 

terrace to provide space for the topsoil that had been stock piled prior to moving the house. The 

raising was necessary as the underlying ground was the volcanic rock (scoria) discussed above, 

which provided excellent drainage but was unsuitable for direct planting. A concrete path was 

placed around the perimeter using timber removed from the house for edging. The original ground 

was loosened and covered with layers of newspaper, then weeds, then ground gypsum and finally, 

the whole was covered with the stockpiled soil. A herb garden was established so its plants would 

provide additional flavour to meals. Friends supplied seeds but some stock was purchased such as 
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potatoes that had sprouted and were then unsuitable for cooking. These were the first crop and were 

used to break up the soil and, following flowering, the green tops were dug back into the soil as 

enrichment. A percentage of the crop was retained for seed for the following season. The potato 

area was rested over the winter. The fence provided support for the beans, tomatoes and snow peas. 

Because of the temperate Auckland climate no frost protection was required, nor was it considered 

necessary to extend the growing season by using cloches as there was adequate produce year round.  

 

The balance of the area around the house was planted with an assortment of flowers, shrubs and 

trees. An effort was made to design around the existing Grevillea by the driveway. Considerable 

dedication was needed to avoid the contractors damaging or removing this tree.  

 

Figure 31 Garden plan 

 

 

 

 

 

 

 

 

 

 

 

 

Total site: 421m
2
    Total garden: 31m

2
    Garden: 7.3%    Other planting: 123m

2 
   Total planted: 36.5% 

 

 

 

 

 

 

 

 

 

 

 

 



Chapter 4 Suburban potential  

(Sub)urban Directions   Bryan Pooley     95 
 

Figure 32 Garden preparation (16
th

 Oct 04) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 33 Garden developed 1 (20
th

 Nov 05) 

 

 

 

 



Chapter 4 Suburban potential  

(Sub)urban Directions   Bryan Pooley     96 
 

Figure 34 Garden developed 2 (4
th

 Dec 05) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Data collection methodology 

The type, weight and number of vegetables harvested were recorded. The weight was measured in 

kilograms following the removal of soil but prior to meal preparation. All results were transferred 

weekly to a database. In addition all organic material, including that from the home grown produce, 

was separated from other waste into proprietary bins in the kitchen. This material was weighed 

before being placed into a worm farm from where the liquid fertilizer was extracted and used to 

water the garden. A diary was maintained of hours worked and materials used (see appendix five).  

Produce 

Table 15 shows the produce from 2005, the first year of the garden. The total weight of vegetables 

grown was 84.17 kg washed, giving a total for vegetables of 45,436kcal or 190,831kJ (source 

www.healtheatingclub.com 08 April 2006). Hours worked in the garden over the growing period 

were 99.75 with 1.15 hours being the average time for all periods spent working in the garden. For 

comparison the summarised output of the Ho garden in south Auckland, with its limited growing 

period, is given in Table 16. 

 

 

 

 

http://www.healtheatingclub.com/
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Table 15 Produce from 31m
2
 study house garden from 03/01/05 to 14/12/05, weight in kg 

 

 

Table 16 Produce from 50m
2
 Ho garden from 04/12/99 to 07/12/00, weight in kg (Ho: 2001) 

 

Marrow C.Cabbage Broccoli Beans red Beans(dwarf) Silverbeet Beetroot Snowpeas 

62.05 5.8 14.45 9.2 4.4 7.8 8.1 3.0 

Leeks Spinach Cauliflower Se Gaw Capsicum Tomatoes Corn Scolapini 

12.2 0.75 9.4 26.05 14.9 31.5 11.5 0.7 

Fu Gwa G Chillies Egg plant Bok Choy Wong Bok S Onions Carrots R. Onions 

4.3 3.8 0.3 6.5 2.9 0.4 5.8 3.3 

Garlic Lettuce Cabbage Jet Gaw Cucumber   Total weight 

1.6 10.2 32.8 6.9 0.4   301.45 

 

When comparing the two tables it can be seen that the Ho garden was far more productive. This 

could be attributed to a richer soil, the hours of labour, the type of vegetables grown (marrow 

contributed 20 percent of Ho‘s total) and the variety of vegetables grown (providing the right 

quantity and variety for only two people is possibly more difficult). 

 

The space available in the study house garden restricted larger quantities or more varieties being 

grown. The totals shown in Table 15 represent the minimum garden crop values because of the 

additional miscellaneous items listed in the introduction. These herbs were supplementary items 

that provided variety, taste and interest to meals but were generally used in small quantities.  

Analysis 

The average adult person uses 2633 kcal per day of food energy of which vegetables contribute 10 

percent or 96104 kcal per year (2633 x 10% x 365) (MAF: 1995). Therefore the study house garden 

produced 173 person/days/yr or 47% of one person‘s vegetable requirements for one year (45,436 / 

2633 x 10%). It could be assumed that with an additional 56.4 percent more garden area (to equate 

to Ghosh‘s estimated required 71m
2
) an equivalent extra amount of produce would result. This 

would provide 71,062 kcal or 270 person/days/yr vegetable requirements. Calculating for two 

people the study house would have provided 37.5 percent of the household annual vegetable 

requirements (96104 x 2/71062). This (excluding the chokos grown elsewhere on the site and 

consumed) was 5.5 percent less than Ghosh‘s estimated 43 percent but garden productivity would 

Courgettes 

Patty 

Greens Beans Tomato Potato Pumpkin Kumara Yams 

Snow 

peas Lettuce 

Total 

weight 

17.1 0.7 21.5 7.0 31.9 0.8 1.8 3.2 0.2 1.0 84.17 

5703 220 10767 881 22596 120 1240 3780 125 5 45436 kcal 

25665 990 6460 3523 97029 520 5323 16065 563 23 190831 kJ 
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probably increase with experience in suitable vegetable selection and skill. Ho‘s highly productive 

garden set in the very fertile volcanic soils of south Auckland, (38 percent more area and 358 

percent more produce by weight) would have produced far in excess of Ghosh‘s estimates.   

 

Organic waste 

Introduction 

In 2006 the New Zealand government stated that waste was an important issue because of the 

impact on community health of waste disposal sites and the effects of these on the natural and 

physical environment (Ministry of the Environment: 2007: p8). Zero waste has since become a long 

term objective (Ministry of the Environment: 2007: p5) even though there is no legal definition of 

waste in New Zealand. A general definition offered by the Ministry of the Environment is 

―unavoidable materials for which there is currently or no near future economic demand and for 

which treatment and/or disposal may be required‖ (Ministry of the Environment: 1997: p5). 

 

Through the Resource Management Act 1991 (RMA), the government requires territorial 

authorities to control aspects of land use including ―… the discharge of contaminants to land…  ― 

This responsibility continues for 30 years following the closure of any waste landfill facilities and is 

funded by charges at current facilities and through use of ―reserves‖ (Auckland Regional Council: 

2006: p114). No data exists on the percentage of construction and demolition waste going to landfill 

but it is estimated that the larger portion of all waste is cleanfill (Ministry of the Environment: 

2007: p73) with timber comprising 14 percent of landfill waste. Waste generated during the 

construction phase was discussed briefly in the study house section. This section focuses on waste 

following the occupation of the study house.  

 

Household waste contributes approximately 50 percent to the nation‘s landfills. Calculations by 

Ghosh concluded that 49 percent of all household waste was organic and could be composted 

within the study site (Ghosh: 2003: p189). She concluded that waste as an urban sustainable 

indicator was negligible at a local level (Ghosh: 2003: p196). This conclusion was later modified to 

account for the land area needed to sequester carbon dioxide and methane emitted from organic 

household landfill. This was estimated at 0.21 ha/household (Ghosh per. com. 20 February, 2007). 

Ghosh (2003) concluded, possibly incorrectly, that the reduction in land needed for landfill if 

households composted their own organic waste, would be insignificant. This thesis argues that there 

are in any case other benefits, including enrichment of soil through use of compost and worm farm 
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products, a reduction in organic waste going to landfill in sealed plastic bags, and the potential to 

reduce rubbish collection kilometres and therefore fossil fuel use and associated CO2 emissions. 

This latter factor Ghosh considered was better tackled using a ‗top down‘ approach to sustainability 

indicators (Ghosh: 2003: p293). 

 

The study house produced a total of 97.35 kg of organic materials which were composted over a 

one year period
25

. Previously this material had gone to landfill, usually in sealed plastic bags. This 

equates to 48.67 kg per person. With 1.25 million people living within the greater Auckland area 

and allowing for 75 percent using landfill for organic waste disposal purposes, a total of 45,628 

tonnes per annum could be recycled into the ground at home if more people used their gardens 

productively. 

Carbon sequestration (CS) 

There are four main carbon stores: the atmosphere, the oceans, the geosphere and terrestrial 

biosphere (soil plus vegetation). The latter is known as soil organic carbon (SOC). Less is known 

about soil carbon cycling than about the other main systems (Schlesinger 1999 et al in Rumore et al: 

2007: p4) but research undertaken in Oregon has indicated that grasslands do sequester substantial 

amounts of atmospheric CO2  (Rumore et al: 2007: p14). 

 

In suburban areas, most pervious surfaces are vegetated and capable of carbon sequestration. Any 

reduction in this surface area whether by infill building, sealing or detrimental alteration of status, 

reduces this potential. The ecological footprint method estimates that one hectare is needed to 

sequester 1.8 tons of carbon (1.633 tonnes) (Wackernagel and Rees: 1996: p155). Ghosh used 

CITYgreen software to calculate average carbon sequestration in suburban residential blocks in 

metric tonnes per year by modelling New Zealand species and selected American species (Ghosh: 

2003: p145).  

 

The study house before the project began had a floor area of 107.6m
2
 and a site area of 1017m

2
.
 

Apart from the house footprint there was an additional 128.4m
2 

of impermeable surface, giving a 

total of 236m
2 

impermeable and 781m
2 

permeable, which was either lawn or garden and therefore 

available to sequester carbon. By creating an additional plot of 596 m
2 

and assuming that the house 

to be built on it would use the permitted building coverage (35%), paving (20%) and landscape 

areas (45%), the area available to sequester carbon on the rear site would be 277.75m
2
. The area 

                                                 

25
 Some organic waste was recycled directly into the ground including suitable weeds and some kitchen material.  
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calculations for a rear site are based on the net building area and the ACC deems this area to be the 

legal site area less the driveway area. For the projected rear plot the driveway area would be 91m
2
. 

It is assumed by the ACC that all the driveway area is impermeable but with the study house it was 

proposed to have a permeable border of 0.8 metres for planting down its length, an area of 20m
2
. 

This reduced the impermeable driveway area to 71m
2
.  Prior to granting a legal title for a new plot 

the ACC requires that either the driveway be sealed with 150mm deep concrete to the start of the 

building area (net area) or alternatively a substantial monetary bond be paid.  This bond is refunded 

when a Code of Compliance is issued at the completion of building on the plot.  

 

The permeable area of the total study house plot was 183m
2
. The available areas are set out in Table 

17. Part of the new driveway would be permeable. 

 

Table 17 Subdivision effect on carbon sequestration  

 

 

Totals original total m
2
 impermeable m

2
 permeable m

2
 permeable % of total 

building on 2 lots   328.75 410.25   

paving   187     

driveway   71 20    

total 1017 585.75 430.25 42.34 

 

The original house had a permeable area of 76.8% (781m
2
) to sequester carbon. The infilling and 

subdivision could result in a reduction to a new permeable area of 430m
2
, or 55 percent. In addition 

one large tree would have to be removed to provide a building platform for a house on the rear site 

(see site plan Figure 3) further reducing the capability of the land to sequester carbon. 

 

Ghosh, because of the lack of available data on shrub carbon sequestration, assumed that shrubs 

would sequester carbon at the same average rate as the trees. This figure was 1.63 metric tonnes per 

year per hectare (Ghosh,: 2003: p155). Using Ghosh‘s values Table 18 sets out the carbon 

sequestration potential of the subdivided house. 

 

 

 

 

  
net building 

area m
2
 building m

2
 paving m

2
 permeable m

2
 other m

2
 

study house 421 152 86 183   

rear plot projected 505  176.75 101 227.25 91 (drive) 

total 926 328.75 187 410.25 91  
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Table 18 Reduction is carbon sequestration from subdivision 

  
Total shrub area in 
hectares available for CS 

Total average CS from 
Shrubs & trees (metric 
tonnes/year/hectare) 

Total (metric tonnes/year 
CS) 

Original house 0.08 1.63 0.13 

2 plots 0.04 1.63 0.07 

 

It can be seen from Table 18 that changing the plot to produce two houses on sites that approximate 

to Ghosh‘s optimum means land available to sequester carbon is reduced proportionally to the 

additional plots created. It should also be noted as a warning that as the average house is increasing 

in size, the proportion of land available for each household to sequester carbon will also reduce. If 

the study house is considered typical of the current method of urban infill, these results will hold for 

any such subdivisions. It should be noted, however, that urban infill of this type seldom affects 

public land such as kerb side planting.  

Conclusion 

Home gardens in urban plots add significantly to urban sustainability by reducing CO2 emissions 

from waste transportation. They also act as carbon sinks, as repositories of organic ―waste‖ and, at 

the same time, reduce household expenditure. These features are seldom available in high density 

urban areas unless a dedicated effort is made to create them (see Urban Directions chapter). There 

are health benefits from the exercise a garden offers and the quality of the food produced. The 

establishment of a home garden can be achieved at very little cost and can aesthetically enhance an 

outdoor space. 

 

The recycling of organic material is a very easy process requiring very little effort or time but can 

have a significant effect on the area of land required for landfill. As land for these operations is 

becoming more difficult to locate and afford and suitable sites are at greater distances from city 

centres requiring longer haulage with the associated CO2 emissions, fuel and labour cost, it is an 

advantage to reduce the quantities of waste going to landfill. Obtaining resource consents for 

landfill areas is becoming more difficult with many citizens objecting to these activities occurring 

near their homes. The cost associated with these legal battles reduces the funds available for other 

civic facilities.  

 

Urban infill in low density areas (10 houses per hectare) reduces the carbon sequestration potential 

of urban areas if houses are built to current coverage regulations.  
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On small sites worm farms are more convenient than conventional compost bins or heaps, 

producing liquid rather than solid material, and having reduced volume and vermin infestation.  

 

Results from this study suggest organic produce can be produced from a small garden of 31m
2 

that 

will provide 47% of one person‘s vegetable requirement for one year. An expansion of this into 

other areas of the garden, such as in front of the house, would have to be socially acceptable. 

However, if the existing vegetable garden were expanded to an area of 103 m
2
 this would grow in 

excess of 50 percent of an average family‘s vegetable requirement in Auckland‘s climate, slightly in 

excess of Ghosh‘s predicted 43 percent of the average household‘s vegetable requirements from this 

area (Ghosh: 2003: p167). 
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SECTION FOUR 

 

 

 

Energy use 
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Introduction  

In 2006 there were two significant publications for energy use in New Zealand houses, the New 

Zealand census 2006 and the comprehensive 10 year New Zealand Household Energy End-use 

Project (HEEP) study undertaken by BRANZ (Building Research Authority New Zealand). The 

latter study identified the components of national household energy use as electricity (69%), solid 

fuel (20%), gas (9%) and LPG (2%) with oil being insignificant (Isaacs et al: 2006: BRANZ, 2003: 

p20). A notable finding was that the greatest variation in electricity use in New Zealand was not 

between the regions but between the highest and lowest users, with the top 20 percent using over 

14,000 kWh/y and the lowest 20 percent using 6,940 kWh/y or less. Energy provided by solid fuels, 

normally firewood, increased in the colder regions and this was reflected in each region‘s total 

energy use. Average individual electricity consumption during the period of study was 2,690 kWh/y 

with Auckland‘s average household (2.7 persons in 2006) using 7,970 kWh/y (which is slightly 

above the pro rata average of 7,263 kWh/y) of electricity and 10,660 kWh/y when all fuels are 

included (Isaacs et al: 2006: piii). For the study house with two people the pro rata expected annual 

electricity consumption based on HEEP would be 5,380 kWh/y and 7,896 kWh/y for total energy.  

However, like water, two people may well use more electricity as appliances like a refrigerator and 

washing machine will run irrespective of how many people there are in a household. For the 

comparative purposes of this study, however, a pro rata use has been assumed.  

 

The difficulty of obtaining accurate appliance energy use data is acknowledged in the HEEP Report 

(Isaacs et al: 2006: p23) with the number of similar appliances in a household being one problem. 

Inconsistencies can be significant. For example the average HEEP study household recorded an 

electricity use of 63 kWh/y for the washing machines (Isaacs ibid). The Study House ―four star‖ 

washing machine label gives an annual electricity use estimate of 258 kWh for the average family. 

It could be assumed that a larger family or a family with small children would use the washing 

machine more often than a two person family but behaviour, occupation, sporting activities and the 

efficiency of the machine will all affect the annual kWh an appliance uses. Continuous monitoring 

of individual appliances over long periods also requires equipment that was not available for this 

project. As a result, this thesis focuses on total household energy use.  

 

There is a close association between energy use, comfort levels (indoor temperatures and water 

temperatures) and amenities (lighting and appliances). The data on energy use, indoor temperatures 

and solar hot water heating collected as part of this research are analysed comparatively in the final 

conclusion.    
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Tables 19 and 20 show how electricity and total energy as measured by HEEP are used within 

households in New Zealand. 

 

Table 19 Household electricity use in New Zealand 

Hot Water %  Space heating % Range % Refrigeration % Lighting % Other appliances % 

34 12 7 15 12 20 

Percentages of household electricity use in New Zealand (Isaacs et al: 2006) 

Table 20 Total household energy use in New Zealand 

Hot Water % Space heating % Range % Refrigeration % Lighting % Other appliances % 

29 34 6 10 8 13 

Percentages of household energy use in New Zealand (Isaacs et al: 2006) 

 

With an estimated 1,528,900 households in New Zealand in 2005 the total operational household 

energy use would be 13,760 GW of which 3,852 GW and 2,339 GW are for water heating and 

home heating respectively (Isaacs: 2004). Solid fuel, usually in the form of wood, supplied 56% of 

the heating energy and 34% came from electricity in the HEEP study homes (Isaacs et al: 2006b: 

pii). Three types of energy were used in the study house; electricity was used with wood in the 

original house and with gas in the redesigned house. This means the house was typical of many 

New Zealand houses in terms of the types of energy it used. Gas is normally only available in the 

centre of cities like Auckland and Wellington, although many households in NZ use LPG for 

cooking, which was the case in the study house. 

Energy use data collection methodology 

Data was collected daily over a five year period with two main comparative study periods for 

energy use. The original house was monitored from 1st November 2001 to 31st October 2002 and 

the modified house between 1st November 2004 and 31st October 2005. The extended period 

between the two studies was required to complete the conversion from a reasonably unmodified, 

standard New Zealand house to a house that conformed to current Building Code insulation 

standards.   

 

Electricity usage was recorded at 6pm each evening. The electricity kWh were read from the utility 

provider‘s meter and entered into an Excel data sheet. To gain a more accurate indication of how 

appliance use affected the total daily electricity consumption, the use of room heaters, towel rail, 

bath, dishwasher and shower were recorded in the data base on a daily basis. The number of hours 

per day of computer and television use was recorded along with the number of occupants per day. 

Each month the spreadsheet data was checked for accuracy against the data record sheets. In 2005 a 
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cent-a-meter was installed in the office which provided real-time electricity readings. This enabled 

electricity use from individual appliances to be read. The firewood was ordered in m
3
. Six pieces 

were weighed and averaged. Each night the number of pieces used was recorded and totalled in an 

Excel data sheet with the total MJ of energy generated being calculated at the end of the year. LPG 

gas for the upgraded house was installed on the 17 February 2004, and the gas comes from a 15kg 

bottle. The weight of the gas and bottle was recorded at the start of the study period and again at the 

conclusion. It was assumed that the decrease in weight would be proportional to the litres of gas 

used with a full 15kg bottle containing 29.25 litres of LPG. The energy content of LPG per litre 

(25.4MJ) was multiplied by the litres used and converted to kWh.  

 

Table 21 shows the activities in the house involved with the use of the various types of energy for 

two separate periods of monitoring. The items showers warm and below documents showers from 

solar heated water where the water temperature was too low to be comfortable and the electric 

immersion heater would have been used to raise the water temperature to an acceptable level. These 

only occurred in the converted house and use of the solar heated water is discussed in detail below. 

 

Table 21 Study house energy use activities 

  

 

Activity 2002 2001-2002 2004-2005 

person occupation days 641 812 

electricity per day kWh 11.74 10.66 

electricity per person kWh/day 6.68 4.79 

Total HW on (days) 335 20 

showers 621 789 

showers warm and below  0  80 

TV hrs 314 878 

computer hrs 414 1970 

fire use nights 116 0 

heater - bedroom 2 29 

heater - lounge 11 82 

heater - bathroom 3 176 

towel rail Heater 0 174 

gas kWh  (installed 17 Feb 04) 0  92.86    

 

Gas usage 

Gas was only available in the modified house. It was used for cooking on two Smeg rings in 

conjunction with two electric rings and an electric oven. The gas bottle was placed outside the 
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kitchen wall and 45% of the total gas it contained was used in the study period. Following the 

methodology described above the gas usage is worked out below. 

 

29.25 litres x 25.4 MJ/litre = 742.95MJ of gas in the full bottle 

742.95 MJ x 45% = 334.32 MJ = 92.86 kWh  

Firewood 

Table 22 shows the number of times the fire was used in the recording period for the period prior to 

house conversion. Table 23 calculates the energy contained in the wood burned, assuming that dry 

timber has an energy content of 16GJ/tonne (Paul et al: 2003: p38). 

Table 22 Firewood use 

 

 

 

 

 

 

 

 

 

Table 23 Firewood energy calculation
26

  

 

 

 Energy = 16 GJ/tonne 

 

An argument frequently put forward is burning firewood is carbon neutral providing the timber 

burnt is replaced by new planting (Paul et al: 2003: p43)
27

. If this argument is accepted and space 

heating was by electricity instead of solid fuel the additional emissions from its use can be 

calculated. If an electric heater is used to supply 1402 kWh (see Electricity and Energy below) the 

additional CO2 admissions from generation would be 0.16 tCO2/MWh (Barber: 2003: p4) x 1402 

kWh /1000 = 0.22 tonnes or 220 kg.  These emissions are saved by burning wood and this has 

national significance for New Zealand as it is evident that a considerable number of New 

Zealanders rely on solid fuel for space heating. Firewood is probably less used for hot water 

                                                 

26
 An alternative calculation is 1856 kgs x 5.28 kWh = 9799.68 (Paul, K., Booth, T. and Elliott, A. (2003) Australian 

Government, Canberra). 
27

 This theory is dependent on a number of factors but the quoted source found that ―There is a direct substitution of 

fossil fuel emissions, with little additional emissions associated with the production and collection of firewood‖ (Paul et 

al.: 2003: p43). 

Activity 2002 Month Room Number 

fire use May lounge 12 

  June lounge 26 

  July lounge 30 

  August lounge 21 

  September lounge 24 

  October lounge 3 

total  (464 hours)   116 

Used pieces weight kg total kg tonnes Energy kWh total 

928 2 1856   1.856 29.69 GJ 8247 
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heating. The study house did not have a wet back attached to the open fire so no energy gains were 

considered from this facility.  

Electricity and energy 

During the first year of data collection (November 2001 to October 2002) the original study house 

used 4457 kWh/y of electricity, 20.7 percent below national average, plus 8247 kWh of firewood 

making a total of 12704 kWh/y. This is 60 percent above the pro rata total household national 

average of 7896 kWh/y for two persons. At 15 percent to 20 percent efficiency (Christchurch City 

Council) for an open fire the study house would have received 1402 kWh/y or 3 kWh of energy into 

the room each time the fire was used. The total effective energy gain in heat was 1402 kWh from 

the wood and 4457kWh from all other uses of electric heating of various sorts, making 5859 kWh/y.  

 

In the second data collection period (November 2004 to October 2005) 3890 kWh/y of electricity 

were used, with 92.86 kWh/y of LPG gas, and an equivalent 2090 kWh/y of solar water heating (see 

Solar Hot Water section) giving a total equivalent energy use of 6073 kWh/y. This equates to a 23 

percent reduction over the national average household energy use, and a 52% reduction between the 

original and the modified house. These data are set out in Table 24. Table 25 gives electricity use 

over the five years of living in the house.  

Energy use comparisons 

Table 24 Comparisons of annual energy use kWh 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

kWh Original house Modified house Nat. ave. elec. Nat ave. total 

electricity 

kWh 4457 3890 5380   

firewood 8247 0     

gas 0 93     

solar HW 0 2090     

Total energy  12704 6073  7896 

% compared 

to average 

60% above 

national average 

23 % below 

national average     
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Table 25 Annual electricity kWh 2001-2006 

Year kWh/y person days average kWh/day pp 

2001-2002 4457 641 6.95 

2002-2003*     

2003-2004 2942 595 4.94 

2004-2005 3890 812 4.79 

2005-2006 5763 1517 3.80 

*2002 to 2003 were house moving and construction periods and because of the disruption are excluded from the total.  

 

An indication of household energy efficiency gains available to a larger family can be observed in 

Table 25. For part of 2005-2006 four adults and one child occupied the study house (the child was 

counted as 0.5 of an adult) and the average electricity use per person dropped by 1kWh/d compared 

to the previous two years. This is the result of electrical appliances effectively being shared, such as 

space heating, television, washing machine etc. This is a small sample and further research would 

be necessary to draw any firm conclusions but the results may be important to groups such as 

superannuates who tend to live alone or in couples, and who will be disproportionately affected by 

electricity price increases, especially for space heating. More traditional ways of living, such as the 

extended family where old people continue to live in the family home, would have both energy use 

and economic advantages. 

Potential for energy generation 

On the north facing roof 37 m
2
 was available for solar technology (a hipped roof would have 

reduced the potential solar area by 35 percent). The solar water heating panels required 3.8m
2
 

leaving 33.2m
2
 available for photovoltaics. Avoiding valley areas reduced the practical area to 

28m
2
. With a roof pitch slightly less than Auckland‘s latitude of 36

o
 55‘ (South) the study house 

roof was suitably angled for solar energy generation (Pooley: 2000). For financial reasons 

photovoltaic panels were not installed and their potential contribution had to be calculated. Using 

the assumption that 1m
2
 of photovoltaic panel generates 2 MJ/day in Auckland (Redshaw and 

Dawber: 1996: pp57-58) and 1MJ = 0.278 kWh the study house could generate 2 x 0.278 x 365 x 

28 = 5682 kWh/y. It should be noted this calculation was based on 10% efficiency for photovoltaic 

panels in 1996. Efficiency rates using mono-crystalline silicon modules are currently 18 percent and 

are predicted to reach 20 percent by 2011 (von Roedern: 2008). For a cost comparison REC multi-

crystalline photovoltaic panels with an efficiency of 13.9% and a 25 year power output warranty, 

retail at $6/Wp for a 215 Wp panel or $1290 per panel. The Study House, using this product could 

be fitted with 17 panels at a cost of $21,250 with additional installation and inverter costs of $7000, 

making a total of $28,250 (Eric Jansseune, solar engineer, per com 09 April, 2010). This system 
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would provide 5213 kWh in 2004 (28 (area m
2
) x 4817.8 (solar radiation see p137) x 0.139 

(efficiency) x 0.278 (kWh)). At the current rate of 24c per kWh (see p148) the PV array would 

produce $1251 of electricity annually (5213/24) and require 22.5 years to recover the installation 

cost of the array. The latter calculation is simplistic and does not take into account the possibility of 

electricity price increases or the differential supply/purchase agreements offered by local energy 

suppliers. It should be noted that the Study House with this theoretical installation could generate an 

excess of 1323 kWh/y (see p110). To balance the array area with electricity needs would require a 

system that would generate 3890 kWh annually, or 21m
2
 of PV panels at a total system cost of 

$23,770. This would require 25 years to repay the initial cost. The energy the study house could 

generate is close to the estimated national electricity requirement of 5380 kWh/y but still 39 percent 

less than the predicted national household average total energy use of 7896 kWh/y.  

 

These theoretical values can be compared to an installed grid linked system on Waiheke Island, 

Auckland, where 36m
2
 of mono crystalline panel (4.4kWp) are generating 5200kWh/year (Vale, 

per. com. 22 September, 2008). This suggests that theoretical calculations overestimate the output 

of PV arrays. The study house system would need to be grid linked as most energy is generated 

during the summer and batteries to store the energy would be both expensive and intrusive, as they 

would need a separate structure on site for their installation.  

Analysis of energy use in the study house 

Figure 35 sets out the monthly variation in electricity use of the study house in 2001 and 2004 only. 

The first period was prior to the installation of insulation and the second followed the moving and 

alterations to the study house. Both periods align with the other ―sustainability‖ indicator 

monitoring periods.    

 

 

 

 

 

 

 

 

 

 

 

 

 



Chapter 4 Suburban potential  

(Sub)urban Directions   Bryan Pooley     111 
 

Figure 35 Monthly electricity use 

 

 

 

From November 2001 to October 2002 and November 2004 to October 2005, 4457 kWh and 3890 

kWh of electricity were used respectively. This was a reduction in the modified house of 567 kWh 

or 12.7%. The spike in electricity use in December 2004 can be explained by the increase in 

occupancy during this period with 115 person days recorded that month compared to the 46 if 

occupied by 2 people as normal. In the winter months the electricity use curves show similar kWh 

usage in both research periods. For an understanding of the thermal performance of the study house 

these curves have to be read in conjunction with the room temperature figures (Figures 36 and 37). 

These figures show that there is a substantial temperature improvement in the lounge for the second 

research period when the average exterior and average lounge temperatures are compared.  

Therefore the 2005 June, July and August electricity spike can be directly attributed to the use of 

electric heating to achieve more comfortable indoor temperatures. The rises in temperature 

difference between the two research periods (original and modified) were 2.4
o
C, 2.1

o
C and 2.5

o
C in 

June, July and August 2005 respectively. This improvement was achieved without exceeding the 

winter electrical energy uses for the 2001 - 2002 research period, with the figures being 1294.5 

kWh for the 2002 winter and 1204 kWh for 2005. 

 

Ghosh estimated, using 1994 data, the total deficit energy requirement per household, or the energy 

that could not be provided from on-site renewable sources, excluding food and transport, ranged 
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from 3722 kWh (13.4 GJ) to 6805 kWh (24.5 GJ) (Ghosh: 2003: p84) for the average family of 2.9 

persons. This calculation included photovoltaic and solar hot water potential. The modified study 

house total energy use was 3980 kWh (electricity and gas) without photovoltaics for two people. 

Adjusting this pro rata for 2.9 people will give a mains electricity demand of 5771 kWh/year. The 

calculated figure for the electricity demand is something of an overestimate, as explained above. 

There will be an additional 2090 kWh of solar energy input to the house from the solar water 

heating system However, more people in the house will also have more showers but for the moment 

it is assumed the system can cope with this. This means there is the potential to collect 2090 + 5682 

= 7172 kWh/y from the roof. (The photovoltaic generation capacity was calculated above to be 

5682 kW/h/y.) This would suggest there is no energy deficit and that the system is roughly in 

balance with 2.9 people in the modified study house. However, Ghosh‘s figures were based on 

existing suburban blocks where not all roofs would be facing an ideal direction for energy 

collection, and averaging the available solar roof area over all houses. What this study has shown is 

that moving the house to optimise energy collection has the potential to generate the energy the 

household requires from solar energy for electricity and hot water in Auckland. These figures are 

summarised in Table 26 below.  

 

Table 26 Deficit energy  

Deficit energy kWh/y per household  kWh/y per person 

PV on study house 

kWh/y per person Deficit kWh/y  per person 

3722 (Ghosh lowest) 1283.45   1283.45 

6805 (Ghosh highest) 2346.55   2346.55 

5771 (study house for 2.9 persons) 1990.00 1959.31      30.69 

 

Table 28 summaries the various changes in energy use between the 2001-2002 and 2004-2005 study 

periods. It can be seen from the table that the modified study house considerably ―improved‖ (2004-

2005 period) in amenity while reducing electricity use by 12.5 percent. 
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Table 28 Energy activity comparisons between 2001 and 2004 

Activity  2001-2002 2004-2005 Change 

person occupation days 641 812 +171  

electricity per person kWh/day 6.68 4.79 -1.89 

television hrs 314 878 +564 

computer hrs 414 1970 +1576 

heater - bedroom no. times used 4 31 +27 

heater - lounge 18 89 +71 

heater - bathroom 31 204 +173 

heated towel rail  0 202 +202 

fire 116 0 -116 

lounge ave winter temperature 
o
C 13.8 16.13 +2.3 

 

The increase in television hours reflects the increase in occupancy days i.e. visitors with different 

habits to the study group and the computer hours increased due to using the home office after the 

renovation. There was an increase in installed lighting from 890 Watts in the original house to 1120 

Watts in the modified house. The number of lights in New Zealand houses range from 7 to 143 light 

bulbs (Isaacs et al: 2006: p25). It is difficult to estimate how many installed Watts these figures of 

Isaacs equate to as fittings vary from halogens at 15 Watts to incandescent bulbs of 80 to 120 Watts. 

There were 11 light fittings in the original house and 33 in the modified house putting the study 

house at the lower end of Isaacs‘ range in both cases. When comparing the installed Watts and the 

number of light fittings between the original and modified house there was a 25 percent increase in 

installed Watts and a 300 percent increase light fittings. This can be explained by the use of low 

Watt fluorescent lamps and halogens in the modified house and the improvement in visual amenity.   

  

Daily electricity use during unoccupied periods measured an average 2.9 kWh per day. This would 

include the refrigerator/freezer as well as appliances and equipment such as computer and clock 

radios which may operate in stand-by mode, thereby consuming electricity even when switched off.  

CO2 calculations 

It can be seen from Table 29 that the modified house reduced CO2 emissions from the national 

average of 1.2 tonnes/household by 0.64 tonnes, using an average conversion figures based on the 

New Zealand range of 0.14 to 0.17 tCO2/kWh (Barber: 2003: p4). This is at variance with the 

EECA claimed figure of an annual reduction of 1.4 tonnes for every solar hot water system installed 

(EECA: 2006), but the ECCA figure is also above the emissions for total average energy use, as 

shown below, suggesting the figure may be an error. 
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Table 29 CO2 calculations 

Research period kWh tonne CO2 reduction from average (tonne) 

National average 7896 1.26   

2002 4457 0.71 0.55 

2005 3890 0.62 0.64 

Conclusion 

The data from the modified study house illustrates the potential for the current housing stock and 

specifically pre 1978 houses, potentially many of which remain un-insulated, to improve comfort 

level and amenity while reducing energy use. Energy self sufficiency could have been achieved 

with the use of photovoltaics and net metering although, as illustrated above, at the current cost of 

electricity, PV arrays are not economic as the payback time coincides with output warranty 

duration. An argument could be made for other considerations than just the payback period to be 

reasons for installing PVs but this is outside the scope of this thesis.   

 

As the study house started from a low annual electricity use (4457 kWh or 20.7 percent below the 

national for two persons) it would be reasonable to assume that the reduction obtained during the 

second research period (2004 -2005) of 12.7 percent could be achieved by most pre 1978 houses. 

There are an estimated 595,459 of these (see Table 4). There is the potential for a national reduction 

of 4,745,808 MW in electricity based on the discussion in this section
28

 although the HEEP study 

considered that the largest reductions will come from changing the habits and houses of the top 20 

percent of users, who average 14,450 kWh/y (Isaacs et al: 2006: p14). The study house with two 

inhabitants would have been a net exporter of 1702 kWh of electricity if the full photovoltaic 

potential was realized, although this would shift to being in approximate energy balance with a 

household of 2.9 people. Putting solar energy collection devices on the roof of a single household is 

simple and although such systems would have similar reductions for some higher density 

developments there could be complicated legal, construction, and personality difficulties. These 

could include roof space ownership, piping or cabling access for retrofitting or the willingness, to 

contribute to combined expenditure. This suggests the high level of home ownership in New 

Zealand could be of great benefit in any moves to decentralised sustainable energy generation, as, 

with the right financial measures, it would be a straightforward process. 

 

                                                 

28
 595,459 x 7970 based on Auckland household average electricity use (Isaacs, N., Camilleri, M. and French, L. (2006) 

BRANZ, Wellington.). There are no national figures on un-insulated houses and many would not be in Auckland, but in 

places where the climate is likely to be more severe. 
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Solar electricity potential from the current housing stock is difficult to estimate as roof design 

(whether hipped, gable or mono-pitch), orientation and over shadowing would create considerable 

variations. Roof integrated systems should, as they become cheaper in the future, be economic 

enough to be placed in less than optimum orientations therefore increasing the electricity production 

potential from solar generation. Alternatively, as this project has shown, moving an existing 

lightweight house to have optimum orientation is a possible strategy, especially if combined with 

careful intensification of site use. As an average, Ghosh‘s calculations of total solar efficient roof 

area for existing suburban blocks (Ghosh: 2003: p73), would be a reasonable assumption of the 

potential without moving any houses. 
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SECTION FIVE 

 

 

 

Room temperatures 
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Introduction 

A satisfactory residential heating regime for the UK is defined by the Department of the 

Environment, Food and Rural Affairs (DEFRA) and the Department of Trade and Industry (DTI) in 

the UK as living areas heated to 21
o
C and other areas of the house to 18

o
C (Department of the 

Environment and Industry: 2001). This definition was later linked to fuel poverty, which was 

defined as the inability to afford adequate home heating or when 10% or more of total household 

income is needed to provide a satisfactory indoor environment (Healy: 2004: pxiii). It was 

estimated in 2001 that 14% of the UK population lived in this condition and that New Zealand has a 

similar percentage of equally disadvantaged households (University of Otago Physics Faculty: 

2005: p1). There is also a clear link between fuel poverty, room temperatures, and occupant health 

(Healy: 2004: p136). Older inhabitants, babies and the sick are disproportionally affected by low 

space temperatures which could explain the excess winter mortality for these groups (Howden-

Chapman: 2004: p2). Interestingly, when compared to countries with more extreme climates, New 

Zealand has a greater seasonal mortality rate (Howden-Chapman et al: 2001: p6), suggesting New 

Zealand houses may well be under heated.  

 

Healy, states that his study examined room temperature of the aged and found them ―disturbing‖ as 

their rooms are usually less well heated than those of other household members, a situation 

exacerbated as minimum temperatures for this group should be 20
o
C to avoid stress resulting from 

living in cold spaces (Healy: 2004: p134). Howden-Chapman et al, also single out the older 

population as requiring special consideration (Howden-Chapman et al: 2001: p1) linking age and 

disparities in wealth, with the observation that as a group those over 65 have fewer assets than other 

groups (Howden-Chapman et al: 2001: p2). There is evidence in New Zealand that some of this 

group would, instead of improving room temperatures when an opportunity exists, prefer to reduce 

electricity consumption (Cunningham: 2001: p61). 

 

Calculations undertaken by the University of Otago show that 30 percent of Dunedin‘s houses 

would be regarded as fuel poor if the DEFRA definition was applied, adding that Dunedin 

households would need 13,000kWh to 16,000kWh/household per annum of space heating energy to 

be adequately heated (University of Otago Physics Faculty: 2005: p5). This should be compared to 

the fact 34% of total household energy use on average is for this purpose (Isaacs, et al: 2006: pi). 

HEEP research shows that the average total energy consumption for Dunedin was 14,580 kWh/y for 

all fuels and that half was used for space heating (Isaacs et al: 2006: p16) which would confirm the 

conclusion of the University of Otago study. This would indicate there is widespread acceptance of 

low internal room temperatures in New Zealand houses. There is additional supporting evidence for 
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this conclusion. In a report on the retrofitting of State Houses (Lloyd et al: 2007: pA) occupants of 

Dunedin State Houses were found to have average indoor living room winter temperatures of 

14.9
o
C and 13.4

o
C in their bedrooms. Some occupants had indoor temperatures of less than 12

o
C 

for nearly half of the day. A study of 1376 Pacific Island families reported that 53.8% had problems 

with cold housing and 37% had damp and mould (Butler, et al: 2003). Another study concluded that 

―The low level for New Zealand residential energy use reflect low levels of space heating...‖ and 

that New Zealand houses ―...are poorly heated‖ (Lloyd: 2006: p145). The more important aspect is 

that the HEEP study found that low temperatures were accepted in the houses of both rich and poor, 

suggesting that New Zealanders are not yet seeking the same comfort levels of residents in the UK 

(Isaacs et al: 2002: piii-iv).  

 

In New Zealand, whole house heating is uncommon and rooms are heated or cooled individually. 

This can result in wide variations in room temperatures especially during the winter, and bedrooms 

have been found to be 3.8
o
C colder than living rooms (Isaacs et al: 2006: p6). The houses in the 

HEEP study had average winter evening temperatures (June, July and August between 5pm and 

11pm) of 17.9
o
C with the range being between 10

o
C and 23.8

o
C (Isaacs et al: 2006: pv). This is 

below the WHO recommend optimum indoor temperature range of 18
o
C to 24

o
C (WHO: 2003). 

Prior to 1978 insulation was not required by the Building Code and the HEEP study data also 

suggests that large energy savings cannot be expected from insulation refits as people will pay the 

same for their energy and live in somewhat higher temperatures because the insulation allows for 

this to happen (Isaacs et al: 2006a: p5). It was therefore important in this study to link any reduction 

in energy use for space heating with improved indoor temperatures. 

Temperature data collection methodology  

There were two parts to the study house temperature research. The first was collecting data on how 

insulation, orientation and ventilation affected indoor temperatures and the second was 

consideration of whether indoor winter temperatures could be improved without increasing overall 

energy use.  

 

Temperatures were collected using Escort Junior recorders as these were the most readily available. 

In the original house (2001-2002 study period) these were placed in two rooms, the lounge facing 

north and the kitchen facing south. In the moved and modified house (2004 – 2005 study period) 

they were put in four rooms. These were the lounge and main bedroom facing north, the office 

facing south, and in the upstairs study. All data collectors were placed approximately 1 metre above 

floor level and in shaded areas to avoid direct sunshine. Internal temperatures were recorded hourly 
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and downloaded to a computer data base monthly. Although data was collected continually for 5 

years, only two separate years were selected for comparison and analysis. The first was following 

occupation when the house was un-insulated. This period was 1 November 2001 to 31 October 

2002 and is referred to in graphs and discussions as 2001. The second was following the fitting of 

insulation and the completion of the thermal envelope. This period extended from 1 November 

2004 to 31 October 2005 and is referred to as 2004. Data for the selected periods were isolated, 

inserted into an Excel spread sheet, checked for inconsistencies, and then graphed. Periods of 

special significance were also graphed. These included evenings when the electricity supply to 

Auckland reached near capacity (22 June 2005 and 28 June 2005) and particularly cold evenings. 

The process for recording solid fuel heating has been described in the section on energy use. 

Heating the study house 

In the original study house electricity was used for heating along with a wood fire in the lounge. 

The second research period in the modified house used only electricity. In the modified house the 

glazed area facing north was increased by 4m
2
 to improve solar gain, although it was known this 

could have an adverse affect on winter heat loss and summer overheating. Below Figure 36 shows 

monitored temperatures for two days in 2002 in the living room of the original house during 

evening and night. 

 

Figure 36 Comparative living room temperatures without (28
th

) and with (29
th

) a fire 
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Table 27 Comparative temperature with and without fire 

 

To gauge the effect that the open wood fire would make on the lounge temperature, two consecutive 

nights are compared. The daily journal recorded both evenings as being cold. On the evening of the 

28
th

 there was no fire, the average evening temperature between 5pm and 11pm inside was 13.9
o
C, 

and the exterior temperature averaged 10.3
o
C, a 3.6

o
C difference. On the following evening with a 

fire the temperatures were 15.2
o
C and 11.1

o
C a 4.1

o
C difference. Allowing for the differences 

between internal and external temperatures, this shows the fire only made a difference of 0.5
o
C.  

This is also shown in Table 27. 

 

The temperature data recorder was placed 6m away from the fireplace which would partly account 

for the low temperatures it recorded, although having very different temperatures in the same room 

is not comfortable. With a ceiling height of 2.9
29

 metres the room volume is greater than that of a 

more modern house with a standard ceiling height of 2.4 metres. The added volume would require 

more energy to heat. It is highly likely that right next to the fireplace the temperatures were 

considerably higher but the data illustrate the inefficiency of open fires for space heating. It should 

be noted that even with a fire, the room was an average 2.8
o
C below the WHO recommended 

minimum.  

 

In Figure 37 the same 29
th

 of August evening and night are compared with one (2
nd

 July 2005) after 

insulation was fitted.  

 

 

 

 

 

 

 

 

 

                                                 

29
 As mentioned earlier the original stud height was 2.9m. This was reduced in the lounge area of the modified house to 

2.7m. 

 Interior Exterior Difference 

 temperatures 29th Aug with fire 
o
C 15.2 11.1 4.1 

 temperatures 28th Aug without fire 
o
C 13.9 1.3 3.6 

 fire effect difference 
o
C   1.3   0.8 0.5 
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Figure 37 Comparative internal temperatures on the 29 August 2002 and 2 July 2005 

 

 

A comparison between 29 August 2002 when the fire was used for heating and the 2 July 2005 

(5pm exterior temperatures 14.6
o
C and 10.3

o
C respectively) after the fitting of insulation shows a 

substantial difference in space heating performance. The latter period had an internal temperature 

averaging 16
o
C with an average exterior temperature of 9.94

o
C, producing a 6.06

o
C difference 

compared to a 4.04
o
C difference with the fire. Heating for both evenings was for similar periods 

with a thermostatically controlled 2kW maximum heater set at 25
o
C used for the 2005 evening with 

the data collector 4 metres from the heat source. A 1kW heater was used for 30 minutes in the 

bedroom in this second period. The question posed by Figure 37, however, is why there is such a 

substantial difference in room temperature between the two periods. There was no mass to retain 

solar energy and the fenestration area of the before and after rooms was similar (9.68m
2
 and 9.3m

2
). 

Some energy gains could have been obtained from the open plan kitchen but a realistic answer 

would be increased insulation and reduced ventilation slowing the loss of heat. This finding would 

be at variance with the HEEP Report that suggests only 1
o
C would be gained by insulating to Code 

level (Isaacs et al: 2006a: pv), and with a retrofitting project of 1352 houses in seven geographical 

areas of New Zealand where there was a ―…small but significant increase in average bedroom 

temperature…‖ of 0.6
o
C (Howden-Chapman, P. et al: 2004: p9).  How much heat was gained from 

the electric heater was an obvious consideration. The electricity reading was recorded at 6pm and 

the average use over two days, the second and third of July, provided a more accurate reference for 
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the period. This was because 6pm was often the time that cooking commenced or showers were 

taken, which could substantially vary the day‘s reading. The heat gain was 10.3 kWh. This was a 

relatively low use for a day in winter with the average for July 2005 being 13.71 kWh/day. 

Activities that used electricity for the day in question, chosen for its low temperature of 10.3
o
C at 

5pm, are charted below in Table 28. This illustrates that heating did not consume an unusually high 

proportion of the energy use for the day. 

 

Table 28 Activity hours for the 2 July 2005
 
 

Bedroom 

heater 

Lounge 

Heater 

Towel 

rail Computer TV Bath Shower Persons 

0.5hrs 4.2 hrs 1hr 8hrs 3hrs 0 2 2 

 

For the study house, insulation possibly contributed more significantly to improved space 

temperatures than was assumed by the HEEP report. Further practical research in the area of 

thermal performance is needed before any definite conclusions can be made.  In Figure 37 there is a 

relationship between the data sets that illustrates the constant loss of energy in relation to the 

exterior temperature. It should be noted that the inside temperature did not reach 18
o
C during this 

period for either day. 

 

Table 29 shows the total amount of heating energy for the 2001—2002 and 2004—2005 research 

periods. Using the fire consumed 8247 kWh of energy for the first period whereas the latter period 

used 745.5 kWh of electricity. Table 30 sets out the variations in room temperature for the same 

periods. 

 

Table 29 Heating hours and energy use 

 

 

 

 

 

 

 

 

 

 

  

Lounge 

Fire  

2001 

Lounge 

Heater 

2004 

Bedroom 

Heater 

2004 

Use times 116 89 31 

Hours 464 365 15.5 

kWh 8247 730 15.5 

total kWh 8247  745.5 
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Table 30 Average room temperature variations 

 

The 2001 and 2004 lounge and kitchen average internal temperatures were similar to external 

temperature at noon.  However the temperature variation in each room in 2004 was less, probably 

because of the higher average external temperature shown in Table 30 but possibly illustrating the 

moderating influence of insulation.  

 

Table 31 Winter lounge temperatures on selected days 

Month highest
 o
C lowest 

o
C Average 

o
C 

Average monthly exterior temp 

o
C* 

lounge – exterior  temp 

difference 
o
C 

June 02 19.6  10.5  15.0  13.9 1.1 

July 02 17.0  7.5 13.0 11.7 1.3 

August 02 18.8   7.8 13.4 11.8 1.6 

June 05 18.6   8.1 16.1 12.6 3.5 

July 05 20.6 10.8 15.9 12.5 3.4 

August 05 24.8 10.8 16.4 12.3 4.1 

*Exterior average temperatures from NIWA data 

 

Table 31 shows the un-insulated exterior wall provides an average temperature moderation of 

approximately 1.3
o
C during winter (June 2002 to August 2002).  The second data collection period 

also shows consistent thermal gain figures with an approximate average 3.5
o
C temperature 

difference between interior and exterior. Averaging can cause distorted results but Table 31 is 

consistent with Figure 37 which shows the evening of 2 July 2005 had a 6.1
o
C difference in 

temperature between the lounge and exterior without an increase in the heating energy input for that 

day. Figure 38, for comparison, shows the temperature difference between the unheated lounge and 

outside at noon. 

 

 

 

 

 

 

 Lounge Kitchen Bed room Attic External noon 

temperature 

(
o
C) 

External 

average 

temperature 

(
o
C) 

Solar 

radiation 

(MJ/m
2
) 

2001-02 17.6±3.4 17.9±3.4 N/A N/A 17.7±3.1 15.6±3.5 4840 

2004-05 18.5±2.7 19.2±2.8 17.6±2.8 19.1±2.9 18.1±3.1 18.1±3.5 4818 
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Figure 38 Lounge and external noon temperature for November 2001 to October 2002 

 

 

Figure 39 Lounge and external noon temperature for November 2004 to October 2005 
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Both Figure 38 and Figure 39 display the daily noon room temperatures following the seasonal 

temperature trends with the 2004 – 2005 temperatures of July to September separated by several 

degrees when compared to 2001 – 2002. The temperatures of the 2004 – 2005 graph do not follow 

the high and low spikes as regularly as in the 2001 – 2002 graph, although a higher internal 

temperature is reached because of high summer temperatures. Between July and September 2002 

the noon room temperature is consistently below 15
o
C whereas in 2005 it is consistently above 

15
o
C. The flatter curves of 2001 - 2002 are reflective of reduced yearly temperature variations. The 

overall results are consistent with expectations from installing insulation. 

 

Figure 40 Comparative summer temperatures in lounge 15 Dec 01 and 15 Dec 04 

 

 

Figure 40 illustrates the heat retention by the insulation installed in the study house in summer. The 

2001 temperatures run parallel with each other as would be expected for a lightweight building with 

no insulation to moderate the energy flow through the exterior building fabric. There would be 

some energy gains from the occupants and solar gains or waste heat stored in the limited internal 

mass. The 2004 internal temperature is warmer by approximately 6
o
C at 1am because of heat 

retention. The internal temperature starts to drop when the sun is on the northern face and cross 

flow ventilation starts to operate with the south face being cooler.  The external and internal 

temperatures converge at 3.30pm and then diverge as the exterior temperature falls and there is 

energy input from the occupants.  
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Figure 41 shows the temperature of the un-insulated space in summer 2002 exceeded the exterior 

temperature by 8
o
C and reached nearly 30

o
C when the house was closed up while the occupants 

were away. Without ventilation and with a warm outdoor temperature the house maintained a 5
o
C 

plus temperature difference. In summer 2005 the insulated and occupied house maintained an even 

temperature even though the highest temperature reached is hotter than the 2002 day in the 

comparison.  

 

The internal temperature of the unoccupied house in the 2002 winter lags two hours behind the 

exterior temperature and for half the day the room is colder than the exterior temperature. The 

occupied house in the winter of 2005 maintains a constant 7
o
C separation, a possible result of 

insulation reducing heat loss and electric heater use in the evening.  

 

Figure 41 Comparisons of daily performance 

Summer 2001 – 2 January 2002 

 

Summer 2004 – 5 January 2005 

 

 

Winter 2001 – 15 July 2002 

 

Winter 2004 – 19 July 2005 
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Figure 42 Performance of 4 rooms 27 June 2005 during one of the coldest days. 

 

 

Figure 42 clearly illustrates the effect of the thermal envelope in the study house as energy from the 

previous evening‘s heating is contained within the space. On the evening of the 26 June the lounge 

was heated and also the bedroom, although the latter was for a shorter period, and this is shown in 

the 3
o
C temperature difference. The interior and exterior temperature lines merge at 9am and do not 

separate again until there is another energy input from the heater at 5.30pm.  The attic temperature 

line is interesting because no heating went into this space on this evening yet it was the warmest 

room measured. This could be a demonstration of energy transfer using natural buoyancy in the 

double height space in the hall way, which links the lounge and the attic study area above.  
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Figure 43 22 (Wed) and 28 June 2005 (Tues) were days when Auckland used 92% and 94% of electrical capacity, 

respectively.   

 

 

The study house on the 22 June 2005 used only 14.10 kWh of electricity even though the computer 

was used for 12hrs during the day and electric heating was used at night. The maximum evening 

temperature was 17
o
C and the minimum 16

o
C. For most of the day the unheated house was barely 

above the exterior temperature. Figure 43 above should be read in conjunction with the solar hot 

water energy use for the same days in Figure 50 as the study house did not require any electrical 

energy for hot water heating. 

 

In the early morning of the 28 June 2005 the lounge still retained heat from the previous evening 

but once this dissipated the room temperature dipped below the external temperature but received 

some solar heat gain when the external temperature started to drop at 2pm. Energy input begins 

earlier than usual at 4.30pm with the result that the house uses 16.80 kWh for the day.  

 

The two selected dates illustrate that at times of high electricity use such as when there are cold 

temperatures the city can struggle to provide electricity to its citizens and although the study house 

on the two evenings did not reach the WHO recommend optimum indoor temperature range of 18
o
C 

to 24
o
C (WHO, 2003), it did maintain temperatures between 15

o
C to 17

o
C over the evening heating 

period between 5pm to 11pm (Isaccs et al: 2006a: pv) without significantly increasing energy use. 

High electricity consumption on a winter‘s evening could be assumed to be the result of electricity 

0

2

4

6

8

10

12

14

16

18

20

00:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00

Hour

T
e
m

p
e
ra

tu
re

 (
o

C
)

Lounge (Wed) External temperature (Wed)

Lounge (Tue) External temperature (Tue)



Chapter 4 Suburban potential  

(Sub)urban Directions   Bryan Pooley     129 
 

being used for space heat purposes. The study house maintained moderate temperatures and 

moderate energy use when, because there was such a high usage of electricity, it could be concluded 

that electricity use for all households in the city was high on these evenings. Without any additional 

data however, no conclusions can be drawn on general room temperatures in the city on these 

evenings. 

Conclusion 

The insulated study house achieved an improvement of over 2
o
C in internal temperatures when 

compared to the original house for each month of the heating season which in New Zealand is 

considered to be June, July and August (Isaacs et al: 2006a: p6), together with an average internal 

temperature of 16
o
C for the same period. This was achieved with a decrease in electricity 

consumption of 12%. It should be noted that the modified house consistently failed to achieve the 

DEFRA standard or the WHO recommendation for internal temperature (18
o
C minimum). With an 

actual consumption of 3890 kWh/y (plus the 2090 kWh from solar water heating) when compared 

to the Auckland total annual energy use of 7896 kWh/y for two people, the study house could have 

been run hotter, to achieve the WHO recommended internal temperatures, but still maintain a below 

average energy use. This suggests in Auckland it would be possible to reduce electricity use and 

achieve internationally recognised room temperatures during the heating season. This also confirms 

results found in other studies that New Zealanders are inclined to reduce electricity use rather than 

have warmer houses once insulation is installed (Cunningham: 2001: p62 ). Therefore education on 

the health benefits from warmer spaces should be associated with any insulation retrofitting project.    

 

The research further confirmed the acceptance of low internal temperature by households in New 

Zealand. This acceptance may be placing the occupants‘ health at risk and be a cost to both the 

health system and commerce.  

 

Open fires in a large space and placed some distance from the room occupants are not appropriate 

for space heating and are more for psychological than physiological comfort. 

 

The study house by achieving an improvement of over 2
o
C in internal temperatures each month of 

the heating season when compared to the original house may illustrate that insulation and draft 

proofing have a more significant affect than indicated by the HEEP report.   
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SECTION SIX 

 

 

 

Solar hot water 
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Introduction  

Hot water heating constitutes 29 percent of total household energy use according to the HEEP study 

(Isaacs et al: 2006: pii) or 3580 kWh/y for the average Auckland household, with 2310 kWh/y (65 

percent) of this energy supplied by electricity, and 1270 kWh/y (35 percent) by gas (Issacs et al: 

2006: p118). Nationally the figures are 75 percent for electricity, 20 percent for gas and 5 percent 

for wood via a wetback (Isaacs et al: 2006: pi). EECA (Energy Efficiency and Conservation 

Authority) estimates that 50 to 75 percent of this energy could be reduced by using solar hot water 

(SHW) giving an average saving of 2,200 kWh/y over conventional energy sources. The EECA 

estimate was qualified by stating savings varied with the amount of hot water used, the type of 

system and the quality of the installation (EECA: 2006: p1). There are no figures on households 

with dual heating systems (electricity/gas, electricity/wetback, electricity/SHW) (Isaacs et al: 2006: 

p102) but the estimated existing annual domestic solar water heating energy gain is 48.6 GWh/y 

(Brian Cox, The Solar Industries Association, per.com. 04 June 2005)
30

. Taking the average of 

2,200 kWh/y for energy savings from each SHW system and the installed 48,600,000 kWh/y (48.6 

GWh/y) suggests there are there 22,091 working solar systems. With the total number of New 

Zealand households purchasing electricity (referred to as domestic electricity customers by the 

Ministry of Economic Development) being 1,610,600 on the 15 May 2008 (Ministry of Economic 

Development http://www.med.govt.nz 28 August 2008) currently only 1.37 percent of domestic 

customers are availing themselves of this potential energy reducing opportunity. This is borne out 

by Statistics New Zealand who state that at the 2001 census 0.9% of private dwellings had solar 

power, an increase of 38.2% since 1996 (Statistics New Zealand: 2001)
31

. 

 

New Zealand stands out when compared to other first world countries by its dependence on 

electricity for domestic hot water heating with 77 percent of households solely dependent on this 

source (Isaacs et al: 2006: p104). For Canada and Australia, the two countries closest to New 

Zealand in terms of cultural history, the percentage is 51 (ibid). This provides New Zealand with a 

significant opportunity not only to reduce domestic energy use but also CO2 emissions. Geothermal 

electricity generation which could be considered a renewable source like solar, in 2003 supplied 

435MW or 2,500 GWh of electricity (EECA: 2005: p3), to the main grid system nearly all of which 

is used in the North Island. This generation of geothermal electricity produces 6,533 kt of CO2 each 

year (Ministry for Economic Development: 2003) and there are other detrimental environmental 

effects such as worsening water quality and land subsidence from this form of energy production 

                                                 

30
 This figure was provided in June 2005. A check of the association‘s web site in August 2008 gave 40GWh as the 

equivalent provided by solar hot water heating (http://www.solarindustries.org.nz/solarinfo). 
31

  The 2001 Census records 1,030,077 separate houses in New Zealand. 0.9% of this figure is 9270. 

http://www.med.govt.nz/
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(EECA: 2005: p4). With 437,988 occupied private dwellings in the Auckland region (Statistics New 

Zealand: 2006) and using the study house SHW generation kWh equivalent as a guide, there is the 

prospect of saving the equivalent of 963 GWh of electricity generation (2,200kWh x 437,988 / 

1000) from the use of SHW systems in the Auckland region. This could replace 38 percent of the 

2003 geothermal production and eliminate 2500 kt of CO2 production per annum. This shows the 

potential of SHW heating to reduce CO2 emissions. EECA estimates that on a national basis, for 

every SHW system installed, CO2 emissions are reduced by an average 1.4 tonnes (EECA: 2006: 

p1) or 613,183 tonnes for Auckland. However, as suggested in the previous section this may be an 

over estimate (see p113). This figure could be higher for the North Island where a larger percentage 

of electricity is generated by non renewable sources
32

. The electricity generation figures for 2003 

and 2008 are shown in Table 32 with the non renewable generation highlighted. The 2003 figures 

are used so comparisons can be drawn with some of the examples used above.   

 

Table 32 New Zealand electricity generation GWh 

 Hydro Geothermal Biogas Wood Wind 

 

Oil Coal 

 

Gas Waste 

heat 

Total 

2003 23387 2595 177 192 145 19 3636 9219 81 39451 

2008 22091 3962 202 318 1047 123 4446 10010 47 42246 

Energy Data File, Ministry of Economic Development, 2009. 

 

The obvious problem for the use of solar energy is the availability of the energy at the time that it is 

needed, and the size of storage tank is therefore important. However, what is often not mentioned as 

an advantage of solar is that it can at least provide a level of hot water, even if not at an optimum 

temperature. The previous section discussed room temperatures on two nights when the draw down 

of electricity in Auckland virtually exhausted the supply capacity. On both these days the study 

house did not use the hot water element for heating the solar cylinder (it was manually switched 

off). The water temperature on these days is recorded as 3 or an adequate temperature. However, 

had grid capacity been reached, many householders could have found themselves with no hot water 

if they relied on electricity for water heating. Having a solar system can provide buffer against such 

events. In addition utility providers are able to automatically control hot water heating elements by 

a system known as the ―ripple control‖, so hot water heaters can be switched off when supply nears 

capacity. 

A report commissioned by EECA to assess the best methodologies for testing the performance of  

SHW systems and establishing standards concluded that in-situ testing ―…may provide more 

                                                 

32
 South Island generation is exclusively hydroelectric 

(http/www.elec.canterbury.ac.nz/research/powersystems/nzpower/:sighted 7/08/09) 
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accurate results…‖ but was less flexible and expensive and recommended a mathematical model be 

used (Summer: 2004: p2). Installing a SHW system on the modified study house provided an 

opportunity to gain tangible data on an in-situ system and the energy benefits from using a system 

in an Auckland environment.  

Design of the system 

With the study house re-orientated directly north and the roof pitch angled at 35
o
 two of the critical 

aspects of solar design were favourably predetermined. For a fixed panel system the recommended 

angle is at the latitude of the building (Auckland 36
o
 55‘ south) with a lower angle improving 

summer performance and a steeper angle for winter collection, with the optimum angle at any 

instant being 90
o
 to the altitude and equal to azimuth of the sun. Consideration was given to 

increasing the angle for winter optimisation as water heating requirements increase by 60 percent  

during this season (Isaacs et al: 2006: p20) but it was decided that for aesthetics and security of 

fixing, the panels would be laid directly on the roof. A deviation of up to 45
o
 from north would have 

been acceptable but with a reduced performance of up to 18 percent (EECA: 2006: p2). Other 

considerations are set out in Table 33 below. 

 

Table 33 System design considerations 

Element  Consideration action 

system hot water requirements and suitability of existing cylinder new solar cylinder 

  cylinder size serve min 3 people 

  frost protection no 

  thermosyphon or open loop with pump open loop 

collectors flat plate or evacuated tube  flat plate 

System discussion 

A new cylinder was necessary as the existing unit had been positioned under the house and on the 

ground causing the base to rust out (this was sold for scrap). It was also smaller than that 

recommended size for solar systems which should be sized to store enough water for two low solar 

days. Two choices were available for the cylinder, being either an integrated system or a separate 

cylinder with an active system. The finalized system was a separate 240 litre hot water cylinder 

placed in the roof space for easy access, close to the panels, with an open loop, drain back, and 

controller for frost control and heat differential sensing. It was sized to provide for visitors and a 

greater number of occupants in the future. EECA recommends sizing the cylinder to provide double 

the daily requirement for hot water which it estimates at 50 litres per person per day (EECA: 2006: 

p1). As the study house was designed to accommodate a family of three, a cylinder of 300 litres 
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would have been the optimum. The cylinder was fully insulated with an electric element in the 

lower third of the cylinder. This was not the optimum position for an element when using solar 

panels. A better alternative would be a cylinder with a heating element in the top half of the 

cylinder to ensure that the bottom half was only heated by solar. However these were not available 

in New Zealand at the time of the installation in the study house. As the panels were above the 

cylinder a pump was used to circulate water between the cylinder and panels. A temperature display 

was located in the hallway to provide for manual switching of the heating element.  

 

Preference was given to the glazed flat plate over the evacuated tube for collection panels as these 

were considered more durable, had an installed history, and an established performance record. Two 

flat plate panels 1.9m x 1.0m manufactured by Beasley of Australia were purchased from Reid 

Technology and installed in June 2003 with the assistance of a $600 government subsidy. This 

provided 3.8m
2
 of collection area (12 percent of available solar roof area; see Energy Use section) 

and was close to EECA‘s recommended range of 1m
2
 of panel per 40 to 90 litres of hot water 

cylinder capacity (240 litres cylinder / 65 litres average recommended = 3.7 m
2
)  (EECA: 2006: p1). 

A corner bath with an overhead shower and two hand basins formed the washing facilities. A 

laundry sink, kitchen sink and top loading washing machine drawing hot water directly from the 

cylinder, make up the total hot water amenities. All hot water pipes from the cylinder to the point of 

use are insulated with Armaflex. The heating element control was set to 60
o
C.  

Legal requirements 

The New Zealand Building Code, specifically Clause G12, requires that hot water cylinders are 

heated to 60
o
C every day to remove the risk of microbial contamination and tempering valves have 

to be installed to ensure that hot water delivered to house taps does not exceed 55
o
C to avoid 

scalding. Tempering values are more important in solar systems as water temperatures can 

frequently reach 90
o
C and above during the summer in Auckland. There are also standards (NZS 

4305) for energy efficiency and gas consumption for water storage systems.  

Solar water heating data collection methodology 

The SHW system was installed during the winter of 2003 (see Figure 44). Data collection began on 

1 November 2003 and continued until end of October 2005. The cylinder water temperature gauge 

was manually recorded twice daily at 6am and 6pm for each day of occupation. The gauge 

thermostat was fitted to the copper outlet pipe from the cylinder on its way to the tempering valve. 

This placement would give a measurement 5
o
C to 10

o
C less than the internal cylinder temperature. 

The daily temperature gain was the difference between the 6am temperature and the 6pm 
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temperature. Manual switching of the heating element was undertaken and recorded using the water 

temperature gauge as a guide but for most of the summer season the element was not switched on 

with sufficient SHW being gained from the system. Water temperatures and satisfaction levels were 

recorded on each day the study house was occupied within the data collection period totalling 731 

days. Observations of the weather conditions and the number of days the heating element was 

switched off were noted daily. Satisfaction level was judged by the last person showering and was 

manually recorded each day and transferred to a spread sheet weekly. The level of satisfaction was 

expressed on a rising numeric scale from 1 to 4, being cold, warm, hot and very hot with 

temperatures equating to below 25
o
C, 32

o
C, 38

o
C and above 45

o
C respectively. Very hot, indicated 

that there was an excess of energy in the cylinder with hot water possibly being vented through the 

pressure relief valve. Solar radiation data, recorded at hourly intervals in MJ/m
2
, was obtained from 

NIWA, Khyber Pass station.  

 

Figure 44 Glazed flat panel solar hot water system on roof 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Monitoring to achieve hot water satisfaction 

The research addressed the question: can a solar radiation water heating system provide a 

satisfactory water temperature? From Table 34 it can be seen that on 80 days during the research 

period from November 2003 to October 2005 there was insufficient hot water to provide an 

acceptable temperature level. This is the combination of satisfaction 1 (16) and satisfaction 2 (64) 

 



Chapter 4 Suburban potential  

(Sub)urban Directions   Bryan Pooley     136 
 

days.  This equates to 9.1 percent of the research period with 12 percent of the period without data, 

being holidays or days not recorded. On 37 days the heating element was turned on because the 

temperature of the water in the cylinder was too cold for showering or to prevent microbial 

contamination that can develop because of consecutive days of low temperature. This was judged 

by reading the cylinder temperature on the data reader. It should be noted that the manual 

manipulation of the heating element prohibited the cylinder reaching the required 60
o
C on every 

day of the study period but this temperature was achieved on many days by solar gain or manual 

switching. No ill effects were experienced by the study group. 

 

Table 34 Shower satisfaction level Nov 2003 – Oct 2005 

Satisfaction level Number 

of days 

Percentage Days heating element turned 

on 

1   16   2.1%   0 

2   64   8.7%   0 

3 317 43.6% 28 

4 246 33.6%  9 

Data not available   88 12.0%  

Total 731 100.0%  

Total element days  5.0% 37 

Total number of showers during the research period – 1388 

Person occupation days for the research period - 1421 

 

When satisfaction level 1, 2 and heating element use days are totalled there were 117 days when 

there would have been insufficient solar radiation to provide adequate SHW for two people. This is 

18.2 percent of 643 occupied days for the period under analysis. Therefore for the study group over 

the research period satisfactory hot water was able to be supplied by solar radiation for 84 percent 

of the time. It is interesting to note that once the heating element was switched on it was left on to 

achieve a satisfaction level of 3 (hot) which would indicate that this was the preferred temperature.  

 

It is likely that as there was an average of two showers per day, the first user had a higher 

temperature shower than that indicated by the satisfaction level but all satisfaction perceptions were 

recorded at the last shower of the day.  

 

With the research period totalling 731 days and unoccupied days totalling 88 there were a total of 

643 days on which the showering or bathing facilities were used. Normally there are 2 uses per day. 

On 23 days there were 4 adults and one child, with the child counted as 0.5. This was over the 

summer of 2004-05 when adequate solar radiation was available for water heating so there was no 
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effect on the satisfaction levels from the number of extra showers. There would have been 33 

occasions where off site facilities would have been used. Of the 88 unoccupied days only 11 were 

during the winter with the balance falling within periods where solar radiation could be expected to 

provide adequate hot water for showering.   

Figure 45 Frequency of satisfaction level by month (N=607) 

 

 

Low satisfaction with hot water temperature (levels 1 and 2) occurred throughout the year, but most 

commonly during May, June and July. The days on which the heating element was used are 

included in the above graph as this data only represent 5 percent of the total study period. The 

months in which the heating element use occurred most frequently were May to August for both 

years (see Figure 46). The use of the heating element produced the level 3 satisfaction ratings on 20 

occasions out of 317 level 3 days and 2 of the 236 level 4 days. The months from October to April 

provided the greatest number of level 4 ratings, with the summer months being the highest 

indicating that there was more solar radiation than could be used for hot water heating. High levels 

of satisfaction (levels 3 and 4) were achieved by using the solar system alone for 86 percent of the 

days that data was collected and excluding element use day. Seven of the days that data was not 

collected (31 percent) occurred during the winter. During the study period winters (June, July and 

August) there were no level 4 ratings in June, there were 6 in July 2004, 9 in August 2004 and only 

1 day in August 2005.  Table 35 below illustrates the potential for the winter season variation in the 
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use of SHW heating alone with 2005 having only 1 day of a satisfactory level while 2004 had 15 

days.  

 

Table 35 Level 3 & 4 winter hot water satisfaction 

winter 2004 2005 

June 0 0 

July 6 0 

August 9 1 

 

Figure 46 Frequency of heating element use by month (N=37) 

 

In the months of low solar radiation (May to August) the heating element was used more frequently 

(see Figure 46). It was used 14 times in 2003 compared to 23 in 2004, despite there being more 

solar radiation in 2003 (4557.2 MJ/m
2
 as opposed to 4817.8 MJ/m

2
). This illustrates that it is more 

important when the solar radiation is available, not how much, as only so much hot water can be 

stored and any excess is wasted through thermal expansion or dissipation. Hot water expansion 

tanks attached to cylinders and used to recycle the thermally expanded water may reduce the 

wastage and eliminate the necessity for an expansion pipe penetrating the roof, as is usual in New 

Zealand domestic buildings. The number of times and quantity of hot water released was not 

recorded but this was observed to happen frequently during the research summer periods. It is likely 

to be a more common feature of SHW systems not controlled by a computer controlled thermostat.   
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To establish a benchmark of water temperature satisfaction the temperature at the shower head was 

recorded using a bowl and a thermometer on 12 separate days prior to the study period. The 

electricity to the cylinder heating element was switched off for this period. There were considered 

to be two level 2 temperatures, eight level 3s and two level 4s. These temperatures were compared 

to the cylinder temperature reading at the time and established the subjective baseline. Level 1 was 

considered to be any temperature below Level 2. The time and duration that showers were used 

were not recorded but from Table 36 it can be seen that at 6pm there were temperature differences 

between the cylinder reading and the water temperature at the shower head for satisfaction levels 1, 

2, and 3. Actual water temperatures would be higher at the shower head as the water would have 

lost heat by the time the temperature was recorded in the bowl but the method did give an accurate 

comparison between the cylinder temperature and the water temperature satisfaction level. The 

cylinder temperature was read from a digital readout.  

 

Table 36  6pm temperature and satisfaction level 

Satisfaction level Cylinder Temperature 

at 6pm 
o
C 

Expected temperature for 

satisfaction level 

Standard 

deviation 

Days Temperature at 

6pm not available 

1 32.1 28   7.2 3 

2 35.0 32   7.7 5 

3 40.1 38   8.6 3 

4 59.5 45 11.4 1 

 

These variations could be explained by the subjective nature of the data collection. The high 

temperature difference of the level 4 figure is partly the effect of the tempering valve with the other 

differences being explained by thermal loss from pipes. It can be observed that as 6pm temperature 

increases so does the satisfaction level (Tables 36).  

 

Table 37 Temperature gain and satisfaction level 

Satisfaction level Temperature gain 
o
C Standard deviation Days Temperature gain data not 

available 

1 11.8 6.5 3 

2 15.4 8.2 5 

3 21.6 8.9 10 

4 36.4 10.9 6 

 

To gauge the amount of temperature gain in the cylinder over a day the cylinder temperatures were 

recorded at 6am and at 6pm over the study period as explained in the introduction. The average 

temperature gains between these two times for the water temperature satisfaction achieved are 
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shown in Table 37. It can be observed that as satisfaction level increases so does the temperature 

gain. 

To increase hot water satisfaction when should the heating element be used? 

To predict when to turn the heating element on, data related to the daily cylinder temperature gain 

was further compared with satisfaction levels.  It was desirable to reduce the 18.2 percent of days 

when the satisfaction level was low (levels 1 and 2) as the acceptance of energy reducing 

technology will not collectively be accepted if it does not supply the same comfort or convenience 

as conventional equipment.  

 

To reduce level 1 and 2 hot water shower experiences, the upper standard deviation of level 2 was 

calculated and compared to using the heating element on days of level 3 and 4 satisfaction when it 

would be used unnecessarily. 

 

For temperature gain, the upper standard deviation of level 2 was 23.6
o
C. At this temperature 

turning on the element would not be needed for 58.7 percent of level 3 and 12.8 percent of level 4 

occasions. For 6pm temperature level 2 the upper standard deviation was 42.7
o
C and the heating 

element would not be needed for 67.1 percent of level 3 and 5.4 percent of level 4 occasions. 

 

Therefore, satisfaction level may appear to increase with temperature (daily cylinder differential 

and 6pm) however using this method would unnecessarily use the heating element (temperature 

gain 33.3 percent of the days of the year and 6pm temperature 34.4 percent of the year).  

 

The other approach to reducing unsatisfactory days is to take the lower standard deviation of level 3 

(12.7
o
C for temperature gain and 31.5

o
C for 6pm temperature). This would reduce level 1 and 2 

experiences by only 38.9 percent and 31 percent respectively and unnecessarily have the heating 

element on for 7.8 percent and 6.8 percent of the year.   

 

To validate this, the temperature for days that the heating element was used was checked, based on 

the upper standard deviation of level 2.  It was found:  

 

14.7 percent of level 3 occasions were above the temperature gain of 23.6
o
C.    

13.9 percent of level 3 occasions were above the 6pm temperature of 42.7
o
C. 
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Therefore low satisfaction cannot be eliminated without adding to the cost of using the heating 

element with the current temperature measuring setup. Automatically turning on the element when 

the temperature at 6pm temperature is 42.7
o
C would be a compromise between increasing 

satisfaction and additional electricity use. Standard heating elements can have an upper limit of 

temperature set as discussed in the chapter on Legislation which is currently 60
o
C although in the 

study house the heating element was switched manually.  

Radiation data  

There was a positive relationship between temperature gain and the level of solar radiation  

(regression R2 = 0.65) for the two year period (Figure 47). 

 

Figure 47 Daily radiation level and temperature gain scattergram (November 2003 to October 2005)                
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Figure 48 Daily radiation level and temperature gain (May to July 2005) 

  

 

Figure 48 shows a positive relationship between solar radiation and temperature gain. June 22 2005 

appears to be an anomaly as seen in the opposing graph lines of radiation and cylinder water 

temperature levels. On this mild winter‘s day Auckland used 92 percent of the electrical generating 

capacity available, the average temperature was 15.0
o
C with the highest being 17

o
C and the lowest 

12.9
o
C. The solar radiation total for the 24 hrs was 6.0 MJ/m

2
. For the 24 hour period of June 21 the 

radiation level had been only 0.7 MJ/m
2
 and the heating element was switched on from 3pm until 

5pm providing the water temperature spike relative to the radiation. This hot water temperature 

charge lasted until 24 June when it was necessary to switch the element on again. The heating 

element was used on three occasions in June 2005 and the average daily exterior temperature was 

12.57
o
C. This would indicate that solar radiation is more important for solar water heating than air 

temperature. This hypothesis is further confirmed by the cylinder temperature loss on May 16 2005 

which was 8.7
o
C between 6am and 6pm. The average daily outdoor temperature was 14.7

o
C and 

accumulative solar radiation for the day was 3 MJ/m
2
 (third lowest day for May 2005).  
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Figure 49 Hot water cylinder monthly average daily temperature gain  

 

 

For the two years between November 2003 and October 2005 the mean daily hot water cylinder 

temperature gain was 26.4
o
C (mode = 20.0) (N=559, data not available for 13.3 percent of the 

period). There was large daily variability in cylinder water temperature with the minimum of 8.2
o
C 

on the 27 June 2005 and maximum of 82.5
o
C on 10 February 2005.  A seasonal trend is observable 

in Figure 49 with monthly averaging of temperature gains. 

 

Heating element use days were left in the data as only a small temperature effect was observed ie -

0.04
o
C on average. As shown in Table 34, days when the element was used to boost the water 

temperature represented 5% of the 643 days on which data was recorded. The temperature effect 

was obtained by recording the temperature at the time the element was switched on and again when 

the element was switched off following the cylinder reaching the desired temperature. This was 

divided into the total temperature gain over the study period. The cumulative degrees Celsius 

gained from 6am to 6pm for the recorded days were 17817.5 and the total cumulative degrees 

Celsius gained by manually switching the element were 749.8 or an average gain of 20
o
C for each 

time of use. 

 

Seven days had negative cylinder temperature gains between 6 am and 6pm (Table 38).  
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Table 38 Negative temperature gains 

Date Difference
 o
C  Ave Ext temp 

o
C Lowest ext temp 

o
C Radiation MJ/m

2
/d  

01-May-04 -0.5 16.76 15.50 0.5 

17-Jun-04 -1.3 15.21 14.10 4.6 

29-Jun-04 -0.7 11.16 10.50 1.2 

01-Sep-04 -0.6 11.65   8.70 3.6 

16-Oct-04 -3.2 16.60 13.20 8.1 

16-May-05 -8.7 14.70 14.20 3.0 

7-Aug-05 -2.4 12.11 10.10 3.0 

 

It is difficult to isolate the reason for losses in temperature between 6am and 6pm when there 

should be temperature gains from solar radiation. 1 May 2004 shows a 0.5
o
C loss with temperate 

temperatures but low radiation and the losses could be from standard hot water use with two people 

home on a Saturday. On each day it can be assumed that there was insufficient radiation to provide 

a 10
o
C difference between the solar panels and the cylinder therefore the pump would not have 

operated to move water from the panels to the cylinder. The aberrant value is 16 October when 

there was 8.1 MJ/m
2
. Analysis shows that over half of the radiation occurred between 9am and 

midday which may have affected the solar gain relationship with the temperature gain.  

 

Analysis of the data was also used to see if it is possible to provide adequate SHW heating in 

Auckland during the coldest months of May to July 2005.  

 

Table 39 shows the winter cylinder temperature gains for 2005. 

Table 39 Cylinder temperature gains from May to July 2005 

 average daily 

water temperature 

gain 
o
C 

Average daily 

outdoor 

temperature 
o
C 

Average daily 

solar radiation 

MJ/m
2
 

Number of  high satisfaction 

days (levels 3 and 4) 

May 2005 15.9 15.3 7.1 30 of 31 

June 2005 18.9 12.6 6.5 26 of 30 

July 2005 16.6 12.6 6.0 26 of 31 

 

During the coldest months of 2005 the average cylinder temperature gain for May was 15.9
o
C, for 

June was 18.9
o
C and for July 16.6

o
C, giving a mean daily temperature gain for the three months of 

16.4
o
C. Only one day reached satisfaction level 4 in the 3 months (30 May 2005). During the three 

month period the heating element was turned on 12 times (10.9 percent of the occupation nights for 

the period). Heating element days were left in the data as only a small temperature effect (obtained 
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by the same method as explained above) was observed. Figure 50 shows the daily water 

temperature gains for this period.  

 

Figure 50  Daily SHW temperature gain (May to July 2005) 

 

Discussion 

The SHW system provided satisfactory hot water levels for showering for two people for 77.2% of 

the 2 year study period. 

 

From November 2003 to October 2004 and November 2004 to October 2005, 2942 kWh of SHW 

and 3890 kWh were used in the study house respectively. The occupation days per year were 595 

(average 1.6 persons/day) and 812 (average 2.2 persons/day) consuming 4.9 kWh and 4.8 kWh for 

hot water per person per day. There was a total of 80 days or 10.9 percent of the occupation days 

(two years) when the water temperature was considered too cold after the second person showered 

or 127 days when there was insufficient solar radiation to provide hot water, this being 22.8 percent 

of the occupied time.  

 

The original house hot water cylinder was heated by an electric element thermostatically controlled 

and the house occupied for 641 person days over the year, and the average electricity use was 6.68 

kWh per person per day with no unsatisfactory showering temperatures. Electricity use for the year 

was 4284.4 kWh. As explained in the Energy Use section the average annual electricity 

-10

-5

0

5

10

15

20

25

30

35

Te
m

p
e

rt
u

re
 g

ai
n

( 
o
C

 )

Month

 

 

 

May June July 



Chapter 4 Suburban potential  

(Sub)urban Directions   Bryan Pooley     146 
 

consumption for two persons in Auckland is 5380 kWh/y for electricity and 7896 kWh/y for total 

energy, so the study group were below average users of electricity at the start of the study, using 79 

percent of the average.  

 

As the study house following modification was totally reliant on electricity for heating, it would 

have been expected to use 7896 kWh annually but in fact recorded 3890 kWh for the 2004-2005 

research year for the equivalent of 2.2 person occupants per day for 365 days. This was 51 percent 

below the Auckland average.  It could be concluded that additional electricity should have been 

used for water heating on the 80 days when there was a satisfaction level of 2 or below. Recorded 

data show that 7kWh of electricity would increase the cylinder temperature by 30
o
C which would 

have been in excess of the temperature gain needed to reach satisfaction level 3
33

 (see Table 37) and 

the 80 days of unsatisfactory temperatures would have required an additional 560 kWh or a total 

annual electricity use of 4450 kWh for 2004 -2005.  This was 44 percent below the expected total 

energy use for two people in Auckland.  

 

On June 22 and 28 2005 Auckland used 92 and 94 percent of electrical capacity respectively.  On 

both days the study house did not require cylinder heating and achieved a hot water shower 

satisfaction of level 3. A conservative average daily domestic water heating electricity consumption 

in Auckland would be 6.35 kWh per household (3091 kWh/y water heating energy x 75% 

electricity x 365 days/yr). With 437,988 houses in Auckland and allowing for 1.37 percent of 

households to have SHW installed (see Introduction) there is the potential to reduce the electricity 

demand on these days by 2738 MW as most houses in Auckland would have 4m
2 

of north facing 

un-shaded space available for SHW. It was observed that the study house had a preference for level 

3 satisfaction or +38
o
C, which should be compared to the recommended swimming pool 

temperature of 27
o
C (Whitten: 2008). 

Economics of installing a hot water system 

The supply and installation costs of SHW heating systems are competitive and are largely 

influenced by the size of the system and the quality. EECA estimates for a residential building a 

typical cost would be $4000 to $8000 installed (EECA: 2006: p2) and the Solar Water Heater 

Performance Evaluation report lists a range of systems from $4650 (160 litre cylinder – panel 

efficiency 86%) down to $2697 (150 litre cylinder – 65% efficiency) excluding installation and 

grant (Summer: 2004). For the study house the installed cost was $6865 including GST, less the 

                                                 

33
 This input would have reached level 4 or very hot. 
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$600 government rebate,
34

 giving a total of $6265. The component costs are set out in Table 40. It 

should be noted that retrofitting solar systems is more expensive than installation during new 

construction. Calculations based on the study house system indicate there would be an approximate 

30 percent surcharge for retrofitting.   

 

Table 40 Solar system costs 

Items Cost NZ$ 

2 panel 1.9x0.9 glazed flat plate  3641.53 

250 litre insulated cylinder and heating element  1314.00 

water pump    477.00 

tempering value    186.94 

installation and piping  1245.53 

Sub total  6865.00 

government rebate    600.00 

total 6,265.00 

 

Typical cost savings from installing a SHW system are given as $350 to $450 per year with 

estimates of 2200kWh/y to 3000kWh/y energy savings for a four person family (EECA: 2006: p1). 

It is difficult to assess the actual energy saving from SHW heating in the study house as there was a 

considerable increase in amenities and the conversion of an area to a home office following moving 

and re-establishment of the house, which could both have increased electricity use. It could, 

however, be concluded that the total reduction in electricity use is due to the installation of a SHW 

system. Over the year 92.7 percent of the time hot water was supplied by the solar system. If the 

HEEP study figure of 29 percent of household energy is used for hot water heating then using the 

original house annual electricity use of 4457kW/y, the hot water heating component would be 

1292kWh/y (4457kWh/y x 0.29 = 1292kWh/y). The modified house established that 92.7 percent of 

the hot water could be supplied by solar heating so therefore a 1253kWh/y reduction could be 

expected following SHW installation. The difference in electricity use between the original and 

modified house was a reduction of 567kWh/y which is less than half what might have been 

expected from a SHW installation. This indicates that increased amenity from the conversion has to 

be balanced against reductions in energy use. This may be significant when looking at potential 

reductions in energy use for improving existing houses at a national level. 

 

                                                 

34In Australia the Victorian Government offers rebates of up to A$1500 (Summer, I. (2004)) Energy Efficiency and Conservation Authority, 

Wellington.)  
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At the current rate of electricity 24 cents per kWh
35

 there would be an annual saving of $300
36

 or a 

repayment period of 20.8 years (1253kWh/y x 24 cents per kWh = 30072 / 100 = $300.72). With a 

low overall electricity use
37 

the percentage of energy used in the study house for hot water was 

possibly higher than that calculated by the HEEP study (20.7 percent below national average, see 

Electricity and Energy section), so the repayment period could be shorter. Taking the average 

national potential household hot water electricity saving of 2200 kWh/y (see Solar Hot Water – 

Introduction p130) the repayment period would be 11 years. Systems can be expected to provide 

trouble free operation for 20 to 25 years if maintained correctly (EECA: 2006: p1-2). 

Conclusion 

The data recorded at the study house established that over 75 percent of the year there was 

sufficient solar radiation to provide hot water for two people and for 32 percent of the study period 

there was an excess of hot water supply (Table 36). Because of lower solar radiation levels over the 

winter it would not be practical or economic to size a system to cover these days of low radiation 

using a larger cylinder. Therefore a supplementary energy supply is necessary to provide year round 

hot water at the temperature levels of the study house. This could come out of the excess that a grid 

linked photovoltaic array on the roof could provide (see Section Energy Use – Potential for energy 

generation p109). 

 

Small households would probably use a lower percentage of household electricity for hot water 

requirements than average users, as there are a number of household chores that require energy 

irrespective of the number of occupants in the house such as vacuuming, clothes washing etc. 

Research is required to establish the percentages of electricity used for hot water heating for 

different sized households but it may show that groups like superannuitants would benefit more 

than other groups. From an expenditure viewpoint high users of hot water, such as larger families, 

would benefit most but the cost of sizing the system to suit a larger family would be greater. For 

Auckland, those with the largest families are usually the lower income earners and would therefore 

be the least likely to have the necessary purchase funds. 

 

There may be a case for superannuitants to be provided with additional rebates to install SHW 

systems. As a group they are more inclined to reduce energy use following insulation than accept 

the benefits that insulation can offer them (Cunninghan: 2001: p62). SHW is a system that does not 

                                                 

35 Current account inclusive of daily fixed charge, Electricity Commission levy, metering charge and 11.66 kWh charge is 488 kWh / $117.06 = 23.98 
cents per kW.  
36 This is at the lower end of Consumer magazine estimates (www.consumer.org.nz) 
37 51% below the Auckland average  
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require significant user intervention and therefore is less likely to be interfered with to reduce 

expenditure. Also, life expectancy for superannuitants may not equal the payback period for the 

purchase of a SHW system under current subsidies so the incentive to install a system is less.  

 

There are advantages other than financial from installing SHW systems, for example the reduction 

in demand on the national grid system. This was illustrated by the study house when in periods 

where generation capacity was nearly reached adequate hot water was available without drawing 

electricity from the national grid for this purpose.  

 

The government could go some way to meet Kyoto commitments by reducing CO2 emissions 

through solar systems supplying hot water. Accepting the estimate that every installed SHW system 

in New Zealand reduces emissions by 1.4 tonnes (EECA: 2006: p1-1) which maybe high (see p113) 

with 1,610,600 households in New Zealand the reduction could be as high as 2,254,840 tonnes.  

 

To reduce the national average household electricity use it may be more economic to install solar 

hot water heating than focusing on retrofitting insulation (see Conclusion, chapter 6) although 

installing insulation would improve thermal comfort. 
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 Introduction 

The way modern urban spaces are shaped and used is commonly dictated by investment in transport 

systems. Post World War II urban development in New Zealand was focused on the private car as 

the predominant means of transport with road construction receiving the greatest share of public 

infrastructure investment. Although Firth‘s intention to have shopping centres available within 

walking distance was not realized (see chapter 2 Suburban Design) it has been the move to ever 

bigger and bigger supermarkets, and infrequent shopping habits that have really changed how the 

urban environment is used. The environmental, ecological and social implications of this decision 

have only recently been realized (Holmgren: 2005). New Zealand now has one of the highest levels 

of car ownership per capita in the world with 700 vehicles per 1000 people (New Zealand 

Government: 2008: p23) with 54 percent of New Zealand households having access to two or more 

vehicles in 2006 (Ministry for the Environment: 2009: p7). There is also a trend towards larger 

engine sizes in the light vehicle class with an 8 percent increase in engine capacity between 2000 

and 2007 and an increase in the average age of vehicles (Ministry for the Environment: 2009: p12-

14). This trend will result in increased fuel consumption and the generation of more CO2 emissions. 

When compared with other OECD countries New Zealand has the second highest Vehicle 

Kilometres Travelled (VTK) per capita with an average of 11200 kilometres per person per year. 

This can be compared to a 2000 EECA report that gave 15440 kilometres per capita for ―personal 

mobility‖ and 8400 km per car for Auckland (Ghosh: 2003: p125). The disparity may be accounted 

for by the change in the vehicle kilometres travelled data collection method. Since 2001 odometer 

readings from Warrant and Certificate of Fitness test, have been used to estimate VKT (Ministry for 

the Environment: 2009: p21). The total VKT on New Zealand roads has increased by 12 percent 

since 2001 (Ministry for the Environment: 2009: p6). Auckland has around 876,796 vehicles and a 

population of 1,319,000 which equates to one car for every 1.5 persons with over 17 percent of 

households having access to three or more vehicles. Sixty eight percent of workers travel by car to 

work (Auckland Regional Transport Authority: 2009). To reduce the effect of these high statistics 

the 2008 National Transport Strategy has set several objectives with two being reduction in the 

number of kilometres travelled by single occupancy vehicles in urban areas by 10 percent and the 

reduction of CO2 emissions by light vehicles to 170 grams per kilometre; both to be achieved by 

2015 (New Zealand Government: 2008: p31). These objectives will only be achieved by lifestyle 

changes and different urban structures. Recent data suggests that in Auckland there has been a 

major change in commuter behaviour with rail patronage increasing by 20 percent in the 12 months 

prior to July 2008. For the same period there has been a modest bus patronage increase of 3.5 
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percent and a 6 percent drop in traffic on the Harbour Bridge (Ministry for the Environment: 2009: 

p18).  

 

Jurasovich states that ―Reductions in Transport Energy and CO2 Emissions would be most 

effectively achieved by reducing the need to travel to work‖ (Jurasovich: 2003: p606). Innovations 

in communications can offer different lifestyles to some sections of society. These include working 

from home or in a suburban office, although the infrastructure costs associated with industrial 

development and the nature of heavy industry will restrict these industries to specific areas, 

requiring travel to work by their employees. Most local Auckland councils have programmes to 

encourage local employment, such as Waitakere City Council‘s ―Greenprint‖ which aims at 

creating a self sustaining local economy to reduce travel distances to work (Regional Growth 

Forum: 2006).   

The study group and transport data collection methodology 

The change from the original to the modified house did not cause a significant change to the 

distances travelled by private car of the study group. One of the study group did change from 

private employment to working from a home office in the modified house but this only resulted in a 

reduction in the use of public transport since the previous journey to work had been by bus. This 

illustrates the individual nature of household transport and the difficulty in predicting potential 

savings in CO2 emissions from lifestyle changes. The reduced use of public transport by one person 

will only increase the average CO2 emissions of the remaining bus patrons although as mentioned 

above there has been a recent modest increase in bus patronage.  

 

The study group owned one car and two bicycles and also used the bus and walked. The bus 

provided a convenient direct link to the city and shopping was within a walking distance of 1 

kilometre with an attractive option of walking through a public park. For one holiday the study 

group flew to Myanmar for a family holiday. It is acknowledged that air travel, both domestic and 

international, contributes to a family‘s total CO2 emissions. Ghosh, in her thesis, did not include air 

travel in the calculations of energy use and CO2 emissions of her study areas as the intention of her 

study was to look at transport impact as it related to particular urban layouts and patterns of density. 

Because this research was based on comparing Ghosh‘s assumed values with measured values from 

a real suburban case study it was decided to exclude this data from this thesis. 

 

Between 2002 and 2005 travel distances and modes of travel were noted in a diary and the 

information put into a spreadsheet at the end of each month. 
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Analysis of travel patterns 

The one car travelled 21750 kilometres between March 2002 and March 2005, an average of 7250 

kilometres per annum. This travel was for both work and pleasure, as shown in Table 41 and was 

not significantly different to Ghosh‘s Auckland‘s figure of 8400 km per car as mentioned in the 

introduction. 

 

Table 41 Motor vehicle travel distances 

total km year days weekends holidays work days 
distance to 
work km 

wk dis total 
km 

recreational 
km 

7250 365 104 25 236 10 2360 4890 

 

It can be seen from the above chart that one third of the annual travel was work related and although 

one partner worked from home in the 2004 – 2005 period the vehicle travel distance did not 

decrease. The work related travel percentage relates closely to an 1999 Auckland Land Transport 

report that identified 29 percent of household journeys are work related (Ghosh: 2003: p214). For 

the study house during the 2004-2005 period there would have been a decrease in public transport 

use from not going to work by bus. Although the emissions associated with bus travel are less than 

those of the private car, 0.08 kg CO2 per passenger/km versus 0.225 kg CO2 at 20% occupancy 

respectively (Ghosh: 2003: p127, 128) there would have been a reduction in total emissions from 

working at home. The vehicle used by the study group had CO2 emissions of 220g/km 

(manufactures‘ information, 2005). Prior to working from home one of the study group travelled 5 

kms each way to work for five days per week by public transport. Although the study group worked 

within 0.5 of a kilometre of each other the different working hours did not allow for combined 

transport apart from a few occasions. The reduction can be seen in Figure 42.  

 

Table 42 Annual home office CO2 savings 

kms bus travel/day Days worked /yr CO2 per km Total CO2 saved (tonnes) 

10 236 0.08 0.189 

 

It could be assumed that the recreational use (4790 km) was with 2 passengers in the car, which 

would reduce the per passenger kilometre CO2 emissions. However, in this analysis because the 

occupancy was not recorded a conservative figure of 0.225 kg/km, as used by Ghosh, was retained. 

As stated above, this accords with the manufacturers‘ claimed emissions for the study group‘s car. 

Using this assumption the results for the study group car travel are shown in Table 43. There would 

be only a minor change in energy use as the private car still travelled the same distance. 
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Table 43 Motor vehicle energy use 

2004 
Distance 

km 
CO2 

tonnes  
energy use 
kWh/annum CO2 sequestration hectares 

wk CO2 tonnes 2360 0.531  1958.8   

rec CO2 tonnes 4790 1.08  3975.7   

total 7250 1.63  5934.5 0.9 

 

The ecological footprint method estimates that one hectare is needed to sequester 1.8 tons (US) of 

carbon dioxide (Wackernagel and Rees: 1996: p155) or 1.633 metric tonnes ((1.8 x 907.2) / 1000 = 

1.6333 metric tonnes). Therefore the study group would need one hectare ((7250 x 0.225)/1.63) to 

sequester the CO2 emissions of private car travel alone. As the study house had 153m
2
 of planting 

(Figure 31) it would require an additional 846m
2
 to sequester the balance of CO2 emissions, which 

is over 5 times the study house planted area. These calculations take no account of air travel but as 

the purpose of the research is to look at the potential of suburbia to be more sustainable it is 

reasonable to include only those journeys which occur regularly in the household, such as the 

journey to work, and the journey to regular leisure activities. If the study group‘s car use is 

considered common then work travel represents only 30 percent of the total annual kilometres 

travelled. This is partly supported by 2006 statistical data that show the median national distance to 

work travel is 6.1 km (Statistics New Zealand: 2006: p10) but contradicted by a household travel 

survey that concluded that the average distance travelled on a weekend day was just under 90% of 

the average weekday distance (Ministry of Transport: 2009: p1). The Statistics New Zealand work 

travel figure (48 weeks) would indicate that the average annual distance for work travel would be 

nearly 3000 kms (6.1 x 2 x 48 x 5 = 2928) and the weekends 1142 kms (10.98 x 52 x 2 = 1142) 

(90% of the return distance, 52 weeks a years and two days a weekend) a total of 4142 kms. As 

stated above the annual vehicle travel in New Zealand is 11200 kms so the above equations leave 

7058 kms unaccounted for and this indicates that after work social travel is greater than distances 

travelled to work. 

 

Table 44 below compares the area available to sequester CO2 in Ghosh‘s study blocks and the block 

of the modified house. Ghosh‘s areas are a combination of tree and shrub area and productive land 

area (Ghosh: 2003: p70, 71) with the total transport CO2 emissions from Fig 5.4 (Ghosh: 2003: 

p130). As can be seen the study house had the ―best‖ m
2
 deficit and this could be accounted for by 

the lower annual total kilometres travelled (Ghosh: 2003: p130) which more than compensated for 

the lower area to sequester CO2 and slightly lower work travel distance. For work travel emissions 

only the study house deficit would be 172m
2 

((0.531 / 1.63) x 1000) – 153).  
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Table 44 Comparison of CO2 sequestration 

Residential Block Total CO2 

emissions /yr 

(tonnes) 

number of 

cars 

Total CO2 

emissions/car/yr 

(tonnes) 

Average land area 

m
2 
 available for 

sequestration 

Average m
2 
deficit 

New Lynn (53) 351.20 81 4.34 454 2206 
Methuen Road 

(119) 784.70 181 4.34 395 2265 
Sandringham 

Road (122) 806.40 186 4.34 250 2410 
Richmond Road 

(65) 429.20 99 4.34 178 2482 
Wellington Street 

(104) 685.00 158 4.34 204 2456 
Study house 1.63 1 1.63 153 847 
Study house 

recreation only 1.08 1 1.08 153 510 
Study house 

work only 0.53 1 0.53 153 173 
(Ghosh: 2003: Table 5.4, p130 and Ghosh: 2003: p70, 71) 

Number of houses in each block is given in parentheses 

 

The Auckland Regional Transport Authority states that those living in the Central Business District 

(CBD) are more likely to be single car households and 25 percent to 37 percent walk to work 

(ARTA: 2009). This still means that approximately 70 percent drive but no figures could be located 

on the distances that CBD dwellers travel by car to work. As the car ownership is the same as the 

study group it is also possible that city apartment dwellers have similar recreational travel habits to 

the study group without the land area, apart from public areas, to sequester CO2. This would equate 

to 7840 kms/yr (11200 national average km per capita x 0.7 recreational percentage) or 1.76 tonnes 

CO2 (7840 x 0.225 per km) and no private vehicle use for work. This is under half of the average 

the suburban plot CO2 emissions from travel but comprehensive research would be necessary to 

confirm this supposition. 

 

Table 45 compares the CO2 travel emissions of Ghosh‘s residential blocks and that of the modified 

house along with a theoretical CBD dweller that walks to work but uses a car for recreation as 

suggested by some ARTA data. The data is taken from Table 44 for Ghosh‘s blocks. This table 

suggests that despite the travel generated, the low density suburb has greater potential for overall 

sustainability if land to sequester CO2 emissions is taken into account. Any more densification to 

reduce travel related CO2 emissions must come with behaviour change (less recreational car travel) 

or land set aside elsewhere for sequestration, or both.  
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Table 45 Comparison of CO2 travel emissions 

Residential Block Total CO2 

emissions/car/yr 

(tonnes) 

tonnes/yr deficit Credit from land area 

m
2 
 available for 

sequestration (tonnes) 

total tonnes/yr 

deficit 

New Lynn 4.34 4.06 0.28 3.78 
Methuen Road 4.34 4.09 0.24 3.85 
Sandringham Road 4.34 4.18 0.15 4.03 
Richmond Road 4.34 4.23 0.15 4.12 
Wellington Street 4.34 4.12 0.13 4.09 
Study house 1.63 1.54 0.09 1.44 
CBD dweller 1.76 1.76 0 1.76 

   

Table 46 takes the energy used by Ghosh‘s blocks for travel and compares these to the study group. 

The energy use in kWh was calculated using the petrol related CO2 emissions per kWh divided into 

the average CO2 emissions per km of the vehicle (Ghosh: 2003: p127) i.e. 0.225 kg/km CO2 (1.8
 

litre car) / 0.27 kg CO2/ kWh (emissions) = 0.83 kWh/km (energy use).  

 

Table 46 Comparison of transport energy use (1) 

Residential Block number of cars km travelled by 

cars/yr 

km/yr/car energy use/yr/car 

(kWh) 

New Lynn 81 1560789 19269 15993 
Methuen Road 181 3487689 19269 15993 
Sandringham Road 186 3584034 19269 15993 
Richmond Road 99 1907631 19269 15993 
Wellington Street 158 3044502 19269 15993 
Study house 1 7250 7250 6018 

  (Ghosh: 2003 Table 5.1, p128 and Table 5.4, p130)  

 

It can be seen from Table 46 that vehicle travel by the study group was 37 percent of that of 

Ghosh‘s residential blocks and the energy use was directly proportional to the distance travelled. 

Ghosh calculated the kilometres travelled by dividing the total number of kilometres travelled 

nationally by car in 1996 by the number of cars and the number of passengers (Ghosh: 2003: Table 

5.1, p128). This appears to have resulted in a high annual km/yr/car when the national highest travel 

distance travelled by vehicles in 2009 was 14500 km (Ministry of Transport: 2009: p8) and the 

average for the study group (2 persons) was 7250 km/year averaged over a three 3 year study or 

3625 per person/year. At 1.5 cars per household (number of households / number of cars) the annual 

km per household would be 29000 km (km travelled by car/yr x 1.5 cars per household) or 10000 

km for the average 3.0 person per household for Auckland (Ghosh: 2003:p38). This would also 

produce high CO2 emission for the Ghosh‘s blocks and make them appear less sustainable than they 

really were. It may have been useful to have applied a variable to the annual kilometres travelled 
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based on the block‘s distances from the CBD but without extensive research on each homeowner‘s 

travel habits this also may have been meaningless.  

Conclusion 

The study group‘s annual vehicle travel was 15 percent less than the Auckland average (7420 km 

annual as opposed to 8400 km annual) and at 10 kilometres their work travel distance was below 

the average for the Auckland area, which was 11.4 km in 2001 (ARC: 2001). The study group use 

of one car for the household could not be considered typical. Recent data suggests that Ghosh‘s CO2 

emission figures may be high, that averaging has created distortions in the results or the use of 

multiple cars per household substantially adds to the annual household travelled kilometres and 

therefore CO2 emissions. A percentage, even though they live at a distance from the CBD, may still 

work locally and further research may show that recreational use is more important than work 

travel. Reducing the number of cars per household may be one of the keys to a more sustainable 

suburbia and this may be linked to designing for better use of public transport. Having easy access 

to markets and shops on foot or by bicycle is also very important with interesting environments to 

travel through. One fact that can be confirmed is the importance of offsite areas for carbon 

sequestration of emissions associated with travel which are much harder to deal with at the scale of 

the single house.  

 

This section of the study adds some support to Ghosh‘s conclusion that a plot of 555m
2
 has 

sustainability potential as the largest carbon sequestration area, New Lynn, was not significantly 

better than the smaller plots. However, all her suburban areas had twice the hypothetical CBD 

dweller‘s CO2 deficit if the latter‘s recreational travel distances are similar to those of the study 

group and there is no work travel by car. Sandringham Road had the closest plot area to Ghosh‘s 

optimum area but this did not compare any better than the other plots. It should be noted that the 

area calculations do not include public areas such as the area between the road and the plot 

boundary. The study house plot area was 421m
2
 which was 134m

2
 less than Ghosh‘s most 

sustainable urban form. If this area had been available to the study house the combined vegetated 

areas would have been nearly adequate to sequester all of the study group‘s work travel CO2 

emissions. The study was too limited and the study group too individual to draw any conclusions 

about the CO2 reductions from home office use but having work opportunities within the suburbs 

could reduce not only the owners‘ travel but also that of potential clients for home-based business. 
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SECTION EIGHT 

 

 

 

Sustainability 
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Introduction 

Two methods of sustainability analysis have been used here. One, the Environmental Footprint (EF) 

was discussed, in Chapter 1. NABERS, an acronym for National Australian Built Environment 

Rating System measures the overall performance of an existing building during its operation and 

establishes a rating based on energy, refrigerants, water, storm-water runoff and pollution, sewage, 

landscape diversity, transport, indoor air quality, occupant satisfaction, waste and toxic materials 

(Vale et al: 2001). The residential version was used for the following analysis. 

NABERS methodology 

To provide a direct sustainability analysis comparison between the original study house and the 

retrofitted house, the plot area after subdivision was used in both calculations. The summaries are 

presented below. As NABERS does not have a New Zealand version Canberra was substituted for 

Auckland to index the house to a climate region. The similarity of latitudes was the reason for this 

selection with Auckland at 36
o
52‘ south and Canberra at 35

o
18‘ south but it has to be remembered 

that Auckland has a coastal city climate while that of Canberra is inland continental. A number of 

variables used in NABERS remained the same between the two study periods. These were the 

inputs of number of occupants, hours per week of occupation, number of weeks per year the house 

is occupied and the total area of site. In addition all of the transport, storm water, storm water 

pollution and landscape diversity variables remained the same. The original house had a far larger 

plot area (1017m
2
) but the objective of the NABERS assessment was to observe the effects of the 

changes made to the study house on a plot similar in area to that suggested by Ghosh. The metered 

sewerage outfall volume was kept the same as it could be assumed that this output remained 

constant throughout the two study periods. This value is based on 75 percent of the total water 

purchased and, since following the installing of a water harvesting tank this amount substantially 

dropped, it could be reduced in the analysis, but as the reduction was difficult to estimate it was not 

changed.     

NABERS residential score summary 

Below Table 47 Sets out the summary of the NABERS values for the original house and Table 48 

gives the summary for the modified house. 
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Table 47 Original study house NABERS assessment 

 

Summary 

Environmental Issue Score 

Energy/Greenhouse 4.7/5 .... 

Transport 4.2/5 .... 

Water Use 3.5/5 ... 

Stormwater Runoff 2.6/5 .. 

Stormwater Pollution 2.5/5 .. 

Sewage Outfall 2.5/5 .. 

Landscape Diversity 1.4/5 . 

Toxic Materials 3.3/5 ... 

Waste Total 4.5/5 .... 

Waste Landfill   3.4/5 ... 

Indoor Air Quality 1.6/5 . 

Occupant Satisfaction 2.7/5 .. 

        

Greenhouse Score 4.5/5 

Water Score 2.9/5 

Site Management Score 3.0/5 

Occupant Impact Score 2.2/5 

Overall Score 5.0/10 

Assessment Average 
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Table 48 Modified house NABERS assessment 

 

Summary 

Environmental Issue Score 

Energy/Greenhouse 5.0/5 .... 

Transport 4.2/5 .... 

Water Use 5.0/5 .... 

Stormwater Runoff 2.6/5 .. 

Stormwater Pollution 2.5/5 .. 

Sewage Outfall 2.5/5 .. 

Landscape Diversity 1.4/5 . 

Toxic Materials 3.3/5 ... 

Waste Total 4.5/5 .... 

Waste Landfill   4.5/5 .... 

Indoor Air Quality 1.6/5 . 

Occupant Satisfaction 4.9/5 .... 

        

Greenhouse Score 4.7/5 

Water Score 3.3/5 

Site Management Score 3.2/5 

Occupant Impact Score 3.3/5 

Overall Score 6.0/10 

Assessment Upper average 

 

Analysis  

The improvement in assessment from ‗average‘ for the original house to ‗upper average‘ for the 

modified house can mainly be attributed to energy use reduction which lowers CO2 emissions, 

reduced water use, waste landfill from on site organic waste disposal, and occupant satisfaction 

from improved amenity. The significant factor to be drawn from the NABERS assessment is that by 

retrofitting, a house can become more environmentally sustainable while becoming more satisfying 

for the residents to live in.  

Environmental footprint  

Auckland has an ecological footprint of 2,319,940 ha which is an overshoot of useful land area by 

4.82 times. This is the highest deficit both in terms of hectares and overshoot ratio of any region in 
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New Zealand. On a national basis New Zealand‘s ecological footprint per capita is 3.08 ha/person 

(Ministry for the Environment: 2007: p26) but when adjustments are made for land productivity and 

CO2 land sequestration ability New Zealand‘s global ecological footprint is 8.35 ha/person (ibid: 

p27). This reflects New Zealand‘s greater land productivity which is 2.5 the global average and an 

increased ability to absorb more CO2 emissions which globally Wackernagel and Rees estimate at 

1.0 tonnes of carbon/ha. New Zealand‘s forests vary from 3.6 tonnes/ha to 1.6 tonnes/ha for carbon 

absorption (ibid: p26). 

Environmental footprint methodology 

The NABERS environment assessment considered the original house as average so it could be 

assumed that the environmental footprint of the residents would either be 3.08 hectares nationally or 

8.35 hectares globally. As stated earlier the ―sustainable‖ reductions achieved by the retrofit were 

reduced energy and water use, a reduction in household waste and an improvement in household 

garden production (not provided for in the NABERS assessment). If these ―sustainable‖ 

improvements could be calculated in hectares the study house environmental footprint could be 

established. The conversions below are based on tables provide in Sharing Nature‟s Interest (SNI) 

(Chambers et al: 2000) and relate on occasions to conditions that are different to from those of New 

Zealand, so all calculations are estimates only. The details can be located in SNI on the referenced 

pages. The reductions were obtained from the relevant chapters in the thesis.  

Assessment calculations 

Wood fuel 

Wood fuel requires 93 to 97 hectare years per GWh (SNI: p82). The 8247 kWh of firewood used in 

original house therefore represent (0.008247 x 95) = 0.78 hectare years.  

Electricity 

Electricity takes from 10 to 75 hectare years per GWh (SNI: p83), depending on how it is 

generated. The reduction in electricity use between the original and the modified house was 

567kWh.  Using 60 hectares per GWh consumed as NZ electricity is historically 80 percent hydro 

generation
38

 gives a reduction of (0.000567 x 60) = 0.03 hectare years.  

                                                 

38
 This figure fluctuates annually mainly depending on snow melt and rainfall but the dependence on non renewable 

appears to be decreasing. In 2008 65% of New Zealand‘s total electricity generation was from renewable sources 

(Energy Data File, Ministry of Economic Development: 2009: p102). 
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Water 

The EF of water is 0.08 m
2
/year per 100 litres (SNI: p98). The reduction in water use between the 

original and modified house was 100m
3
 or 100,000 litres. This gives a footprint reduction of 

(100,000/100 x 0.08) = 80 m
2 

year = 0.008 hectares year 

Waste 

The EF of waste is 2.8 to 4.0 hectare years per tonne (SNI: p95). For this analysis the average value 

of 3.4 hectare years per tonne was used. Use of the worm farm gave a reduction in organic waste of 

97.34 kg in a year. This gives an EF of 97.34 / 1000 x 3.4 = 0.33 hectare years 

Garden production 

Vegetable production has an EF of 0.3 to 0.6 hectare years per tonne of produce (SNI: p89). For this 

analysis the average value of 0.45 hectare years per tonne used. There was production of 84.17 kg 

of produce in a year from the study house garden or 47 percent of one person‘s vegetable 

requirements (see Section Garden Produce: Analysis: p97). The total vegetable requirements for 

two people in the study house would be 262.60 kg (84.17 kg x 1.53 x 2). This would have required 

a footprint of 0.116 hectare years (257.60/1000 x 0.45) if these vegetables had been produced 

commercially. The study house‘s produce was the equivalent of 0.038 hectare years (84.17/1000 x 

0.45) therefore there was footprint reduction of 32 percent for vegetable produce.  

Total footprint reduction  

All the savings in footprint can be added together to produce a total EF reduction. These amount to 

0.78 (wood saving) + 0.03 (electricity saving) + 0.008 (water saving) + 0.37 (waste saving) + 0.038 

(food saving) = 1.2  hectares for the 2 person household, giving a 0.8 hectare reduction per person. 

What seems of significance in the EF analysis is the large reduction that comes from not using 

wood as a fuel because of the low production rates for growing wood. The other major saving 

comes from dealing with organic wastes at home rather than sending them to landfill. Overall this is 

a 9.6 per cent reduction of the New Zealand estimated environmental footprint of 8.35 hectares.   

Comparisons with Ghosh’s residential blocks 

The five sustainable indicators used by Ghosh were domestic energy use, transport, carbon 

sequestration, food and waste. The conclusions drawn by Ghosh are compared below with the study 

house results. The aim of this comparison is to see how closely the bottom up results align with 

Ghosh‘s which were derived from a top down approach. 
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Domestic energy use 

Ghosh estimated the annual energy use of her study blocks and calculated the solar potential 

including solar hot water by using aerial photos (Ghosh: 2003: p60) to produce a kWh per 

household deficit between consumption and possible production. Household sizes were estimated 

(Ghosh: 2003: p68) from the same photos. For the modified study house the solar hot water kWh/y 

contribution (2090kWh/y) is excluded as the operational energy is the deficit against the 

photovoltaic credit i.e. the SHW credit is already in the electricity use reduction. Food and transport 

figures are excluded from all totals. 

    

Table 49 Comparison of block energy deficits 

Total house energy 

use 

Electricity 

kWh/y 
Firewood/Gas 

kWh 

PV kWh Deficit kWh/hh Deficit kWh/pp 

New Lynn     3453 6638 1897 
Methuen Road     3459 6500 1757 
Sandringham Road     4936 3722 1095 
Richmond Road     3538 5361 1691 
Wellington Street     2521 6805 2160 
Original house 4457 8247 0 12704 6352 
Modified house 3890 93 0 3983 1892  
Modified house 

(with PV) 3890 93 5682 potential 1699+ 850+ 
Ghosh p84 Table 4.12 Energy deficits excluding food and transport.  

hh- per household; pp – per person 

 

The original house had the highest deficit mainly because of the firewood energy component and 

the fact there was no solar contribution. In Ghosh‘s study Sandringham Road had the lowest energy 

deficit and therefore the lowest off site land area deficit when the PV and solar HW potential are 

included. The modified house had a similar deficit with solar HW included and no PV contribution. 

With the inclusion of the PV potential there would be an energy credit of 1699 kWh/y.  This is 

partly due to the optimum orientation, site position (no overshadowing) and roof design and the 

relatively modest study house. On average Ghosh‘s energy deficits appear reasonable as it would be 

difficult to optimize the solar potential of existing neighbourhoods (see Future Directions p173) but 

the modified study house illustrates the sustainable potential from good orientation and design when 

houses are renovated. 

Transport 

Transport was discussed and comparisons drawn in the transport section (p150 – 157) but are 

repeated here for consistency. The Table below was previously used as Table 46. 
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Table 50 Comparison of transport energy use (2) 

Residential Block number of cars km travelled by 

cars/yr 

km/yr/car energy use/yr/car 

(kWh) 

New Lynn 81 1560789 19269 15993 
Methuen Road 181 3487689 19269 15993 
Sandringham Road 186 3584034 19269 15993 
Richmond Road 99 1907631 19269 15993 
Wellington Street 158 3044502 19269 15993 
Study house 1 7250 7250 6018 

  (Ghosh: 2003 Table 5.1, p128 and Table 5.4, p130)  

 

The conclusion drawn by this thesis is that estimated distances travelled by car in Ghosh‘s 

residential block may be an over estimation and this would produce higher energy use and CO2 

emissions. Consequently the blocks in Table 50 may be more sustainable in transport than indicated 

in her research. 

Carbon sequestration (CS) 

To establish the potential for a residential block to sequester carbon Ghosh calculated the plot area 

left after the house footprint, food growing and paved areas were subtracted. Both aerial photos and 

visual inspection were used to establish vegetation types and tree canopy size. The assumption was 

that shrubs would sequester carbon at the same average rate as trees. A computer programme 

CITYgreen was used to calculate the carbon sequestration capabilities. The study house had 153m
2
 

(p165) to sequester carbon and this area is compared with Ghosh‘s blocks in Table 51. 

 

Table 51 Tree and scrub areas for CO2 sequestration 

Residential Block Trees and vegetation m
2
/hh 

New Lynn 185.19 
Methuen Road 230.10 

Sandringham Road 103.36 
Richmond Road 73.53 

Wellington Street 140.21 
Study house 153.00 

(Ghosh:2003:Table 4, p71 

 

Table 52 compiles the total CO2 emissions and allows for the sequestration from the different plot 

areas in each block. The totals of planted and productive area are combined although grassed areas 

and vegetable growing areas would sequester carbon at different rates. However an average figure 

of 1.633 tonnes per hectare is used. The study house obtained a CO2 reduction of 0.64 tonnes (Table 

29) from the reduction in electricity use but in the table there is a straight multiplication of the 

energy use by the CO2 emissions factor. 
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Table 52 Residential blocks including productive land area total CO2 comparisons 

 

From Table 52 it can be see that, excluding the study house, there is only a marginal difference 

between the five blocks (0.78 tonnes) with the study house total emissions being 31% of the lowest 

(Methuen Road). In this aspect of the study it can be seen that there is considerable opportunity for 

CO2 reductions within all residential blocks. It should be noted that the study house had the ability 

to sequester all work travel CO2 (p156) at Ghosh‘s optimum plot size.  

Food 

Table 53 below compares the onsite food production from vegetables and extends the analysis on 

p97 in the Garden section.  For the residential blocks the production figure of 0.007 GJ per m
2
 was 

used. For a comparison between commercial and household production the embodied energy 

multiplier of 7.2 could be used as every m
2
 of household production is the equivalent of 7.2m

2
 

offsite land area (Ghosh: 2003: p174). In this comparison only what was grown on site is compared. 

The produce in GJ of the study house is compared to that of the residential blocks (31m
2
 x 0.007) 

and also the area that would have been available from Ghosh‘s optimum plot (555m
2
), as the study 

house total area was 134m
2
 less than this. To compare the actual amount grown with Ghosh‘s 

optimum plot it was assumed 31m
2
 + 134m

2
 = 165m

2
 was available for vegetable growing as the 

study house still had a ornamental garden and recreational terrace around the house footprint that 

could be used to grow vegetables in the future. 

Table 53 Comparison of average food energy per household (hh) 

Residential Block Average food energy available from vegetables per hh per year (GJ) 
New Lynn   1.32     
Methuen Road   1.20     
Sandringham Road   0.82     
Richmond Road   0.58     
Wellington Street   0.47     
Study house   0.22     
Study house extended plot   1.16     

(Ghosh: 2003: Table 7.10a, p175) 

Residential Block Average land area 

m
2 
 available for 

sequestration 

Average 

CS/hh/yr 

(tonnes) 

Annual CO2 emissions 

(tonnes) 

Total CO2 

emissions (tonnes) 

New Lynn 454 0.28 8.90 8.62 
Methuen Road 395 0.24 8.09 7.84 
Sandringham Road 250 0.15 8.09 7.94 
Richmond Road 178 0.11 8.61 8.50 
Wellington Street 204 0.13 8.17 8.05 
Study house 184 0.11 2.52 2.42 
(Ghosh: 2003: Table 4, p71 and Table 6.9, p159)    
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Waste 

Ghosh concluded that at a local level waste values were ―very small‖ and not suitable for use as a 

sustainability indicator but were more effectively understood at a national level (Ghosh: 2003: 

p215). The study house produced 48.67 kg per person of organic waste per annum which when 

extrapolated over the city could have a more significant environmental impact than indicated. On 

site disposal can have a positive environmental affect and is easily undertaken. Research is required 

into the environmental consequences of such practices as the use of plastic bags to contain rubbish, 

and the affect of reduced rubbish transportation if more wastes were dealt with at home. 

CO2 Comparisons 

In Tables 54 the domestic components of CO2 are calculated. The travel component was transferred 

from the Transport section (see p149) and calculated per household. The energy component was 

obtained from the total domestic energy use per block (Ghosh: 2003: p79) and divided by the 

number of houses in the block. The food CO2 transport figure was calculated by using the national 

total energy use per day for food transport energy of 39000 GJ per day with 3.6 million people or  

3.01kWh per capita (Ghosh: 2003: p164). At a 0.27 kg CO2 per kWh (petrol) the conservative CO2 

emissions would be 0.813 kg/pp/day or 296 kg per year (3.01*0.27=.0.813) and (0.813 * 365 = 

296). This was multiplied by the number of people per block (Ghosh: 2003: Table 7.9, p173) and 

divided by the number of households per block (Ghosh: 2003: Table 5.4, p130) to provide the kg 

CO2 per household/year. This was converted to tonnes/household/year. For New Lynn the equation 

would be ((296 * 156)/53)/0.001). There are a number of omissions in this calculation such as CO2 

emissions from food harvesting and the reduction from home gardens in Ghosh‘s data. Travel 

emissions for shopping would be included in the travel emissions. 

  

Energy CO2 was calculated by dividing the total energy in kWh for each of Ghosh‘s residential 

blocks by the number of houses per block and multiplying by a factor of 0.1kg of CO2 per kWh 

(Mithraratne et al: 2007: p99). 

 

Table 54 Residential block CO2 comparisons per household 

Residential Block Travel CO2 

(tonnes) 

Energy CO2 

(tonnes) 

Food travel CO2 

(tonnes) 

Totals (tonnes) per 

hh 

New Lynn 6.63 1.4 0.87 7.50 
Methuen Road 6.59 0.62 0.87 8.09 
Sandringham Road 6.61 0.61 0.87 8.09 
Richmond Road 6.60 1.14 0.87 8.61 
Wellington Street 6.59 0.71 0.87 8.17 
Study house 1.63 0.39 0.59 2.61 
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Ghosh: 2003 Table 4.10, p79 

0.1 kg CO2/kWh (Mithraratne et al 2007) 

 

It can be seen from Table 54 that travel is the most significant of the CO2 components and this has 

been discussed in the transport section (p150-157). The equal food travel CO2 component for each 

of Ghosh‘s residential blocks is the result of averaging data. 

Conclusion 

Utilizing the global figures the study house would have reduced each resident‘s environmental 

footprint by 0.8 hectares with the final individual footprint being 7.55 hectares. This figure is 

tentative as the footprint hectare equivalents are not based on New Zealand figures and there are 

assumptions that may not be appropriate for the New Zealand situation. It does provide an 

indication that a suburban house has the potential to improve the environmental footprint of the 

residents by very simple means and without any reduction in living standards. To really reduce 

footprints will require significant changes in the way of life of most New Zealanders (Vale and 

Vale: 2009). This research was not attempting to do this, but set out to see what could be done in 

the average Auckland suburb without a significant change in life style. In fact there was an increase 

in occupant satisfaction as can be seen from the NABERS assessment. It can be noted that 65 

percent of the reduction came from eliminating the open fire. This is important as 40.9 percent of 

New Zealand houses use this form of heating, although this percentage is decreasing (QuickStats 

About Housing: 2006 Census). Many New Zealanders are burning waste wood, but nevertheless the 

footprint of wood is important. Another point of note is that, in relation to environmental footprint 

analysis, New Zealand is 34.3 percent below overshooting its biologically productive land (Ministry 

for the Environment: 2007: p29). However, this does not mean that there is no need to worry about 

New Zealand‘s ecological footprint, which is considerably in excess of the fair earth share of 1.8 

hectares per person. Even with all the modifications to the house the reduction in footprint has not 

approached this level of impact reduction.  
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SECTION NINE 

 

 

 

Study House Economics 
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Introduction 

Since 1997 the annual growth in house price in New Zealand has been 5.7 percent with real house 

prices increasing by 85 percent since 2001. Much of this surge is attributed to increased 

immigration and a strengthening domestic economy. The result has been a sharp increase in the 

ratio between house prices and disposable income with household debt now being 160 percent of 

disposable income (Bollard and Hunt: 2008). House prices are tracked over the last 40 years in 

Figure 51 below. 

 

Figure 51  Real house prices in New Zealand 

 

 

Source: Quotable Value Ltd. 

 

 

 

 

 

 

 

 

Bollard et al (2008)  

 

It is not the purpose of this thesis to research the economics of real estate speculation but it should 

be noted from Figure 51 that the study house was purchased in 2001 just prior to a steady climb in 

house values.   

 

The study house was purchased by competitive tender and the purchase price was $312,000. Tables 

55 and 56 below show the net costs and profit from the redevelopment and subdivision. This 

includes legal fees and Territorial Authority charges. The valuations were taken from the Notice of 

Valuation supplied by Auckland City Council for 2008. Recouped costs are from the sale of 

recycled items. The study group‘s labour was not included in the total cost. This totalled 2672 hours 

excluding the time required to create the garden. At an average commercial rate of $30 per hour for 

a tradesperson over the period the total additional cost would be $80,160.  
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Table 55 Purchase and construction costs 

 

 

 

 

Table 56 Values and profit 

 

 

 

It can be seen from Table 56 that there was a positive return from the redevelopment of 

$300,308.95 which is slightly above the real house price increase of 85 percent for the period. This 

amount equals the valuation of the newly created plot. The costs include items that would not 

normally be included in a retrofitting project by a developer, such as wall lining removal and the 

installation of insulation, putting in a rainwater tank and treatment system, and installing a SHW 

heating system with an insulated cylinder. These incorporated costs are set out in Table 57. 

 

Table 57 Additional costs in $NZ 

new plaster 
board insulation solar HW water tank total 

3,013.92 1,488.30 6,265.00 6,673.03 17,440.25 

 

Some of the plasterboard cost would have been necessary because of repairs and alterations but this 

is not itemized separately. A reasonable estimate of this would be one third of the total. The first 

money for the whole project was paid on the 15
th

 October 2001 and the final account settled on the 

8
th

 June 2006. If the study house purchase price had been invested at a flat rate of 8 percent from 

October 2001 to October 2006 the value of the investment would be $458,430.36 or $146,430.36 

less compound tax ($48,322 approximately). In New Zealand there is no Capital Gains tax on 

private property sales, so that undertaking the project not only produced a house with lower 

environmental impact but also did this at greater profit than just putting the money in the bank and 

allowing it to accrue interest.  

Embodied energy 

The difficulties of calculating the embodied energy of a building were introduced in Housing 

Lifecycle p17. The three different estimates for the embodied energy of a 100m
2
 light timber 

framed house were 268 GJ (Macdiarmid: 1978), 283 GJ (Johnstone: 2004) and 171 GJ (Mithraratne 

et al: 2001). Using Mithraratne's figure of 1.7 GJ m
2
 to avoid overestimating the embodied energy 

involved, the original study house (97m
2
), on a pro rata floor area basis, would have an embodied 

purchase cost 
total alteration 

costs total cost recouped costs net cost 

312,000.00 189,415.29 501,415.29 1,724.24 499,691.05 

study house & 
land value 

subdivided plot 
valuation total value net cost difference 

500,000.00 300,000.00 800,000.00 499,691.05 300,308.95 
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energy content of 165 GJ (97 x 1.7 = 165). Since the walls, floor and roof of the original building 

were kept following modification it has been assumed, for a rough estimate of the embodied energy 

of the modified house, that two-thirds of all the materials were retained, this being the embodied 

energy equivalent of 109 GJ (165 x 0.66). The total estimated embodied energy of the modified 

study house is 265 GJ (109m
2
 house + 47m

2
 garage = 156m

2
 x 1.7 = 265). If the retained portion of 

109 GJ is deducted from the total there remains 156 GJ of new materials. Therefore there was a 

potential saving in embodied energy of 109 GJ or 41 percent of the total embodied energy from 

retrofitting the study house to create a structure with the durability and amenity of new construction. 

It is interesting to note that the modified study house had two bedrooms and a study so it could be 

assumed that a household of four persons could be accommodated in the 109m
2
 but that it required 

another one third of the total area to house two vehicles. As stated earlier there were potentially 156 

GJ of new materials of which 80 GJ were for the new garage (47 x 1.7). Therefore 51 percent of the 

new embodied energy was for vehicle housing. 

Conclusion 

The economic life of a dwelling is considered complete when the vacant site (including demolition 

costs) has a greater value than the land and building combined (Heilbrun and McGuire: 1987). The 

2004 Capital Value for the study house was $210,000 with the land value being $200,000. This 

assigns only $10,000 to the house. The potential gross return from subdividing the vacant land into 

two plots and selling these on would have been $500,000, exceeding the house and land value by 

$290,000, a handsome margin for any developer. If a developer had bought the site, cleared it and 

sold the plots the study house would have been wasted and the embodied energy lost. In fact most 

materials would have been sent to landfill, making an additional environmental impact. The 

restoration of the house to the current Building Code and specifically to meet B2 Durability should 

extend the economic life of the study house by at least 50 years. In a period of increasing house 

prices the economics of the project were not difficult to justify. It also seems that features that make 

a house more sustainable can be included when retrofitting and substantial profits can still be made 

by developers in a rising housing market. However, at present there are no incentives or regulations 

to make this to happen, because the environmental costs of cleaning a site are not yet accounted for, 

either through carbon taxes or by some other mechanism that would encourage developers to 

engage in retrofitting for future sustainability. 
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Introduction 

In the opinion of some urban commentators, modern suburbia either developed as an escape from 

the ―…filth, crowding and disease‖ of eighteen century urban life (Palen, 1997:p57) or as a reaction 

to the ―…dingy and monotonous…‖ Georgian terraced house (Edwards, 1981:p26). There is no 

universal consensus for the origins of suburbia but it can be observed that it has been transformed 

from its probable eighteenth century origin at the Eyre Estate in London to the current fashion for 

Smart Growth and New Urbanism in towns such as Seaside, Florida. The ingrained perception of 

suburbia is the low density ―carpet sprawl‖ of the post World War II suburbs but the diversity of 

suburbia also extends from the depressing concrete blocks of Hammarkullen, Sweden to the high-

priced, ostentatious mansions of Beverly Hills, California. Both these variants are far from the 

garden suburb, conceived by Parker and Unwin with a original density of 12 houses per acre 

(Unwin, 1994:pxiv), although this was later amended to a maximum of 20 to 30 houses per acre at 

Letchworth (ibid). It could be said that the ―universal suburb‖ that so disturbed Mumford does not 

exist.  

New Zealand directions 

In New Zealand the post war state housing programme, under the direction of Cedric Firth, 

provided for 5 to 6 houses per acre, giving house plots of 809m
2
 and 674m

2 
respectively, with 

planning for recreational facilities and local shopping (see chapter 3). More recently a concern for 

security in an affluent section of society has seen the development of gated communities usually on 

the city edge. Other suburban trends have seen increasing house areas on decreasing plot sizes, 

urban infill, and the building of medium density apartments. At the same time the urban edge of 

most New Zealand cities has increased by 4% per year despite an annual population growth of 1% 

(Ministry of the Environment: 2001: p22). There is a debate as to whether this expansion can 

continue and some academics argue that counter-urbanism, or a slow down in urban growth, will 

occur in post industrial countries (Friesen and Council: 2007: p18). In the case of Auckland, it has 

been argued that nearby regions will grow at the expense of the city (Friesen: 2007: p19). 

 

Most New Zealand cities have been based on two distinct urban road forms; the military grid that 

had its origins in the initial European urban settlement (Dart: 1963: p24) and the curved roads and 

culs-de-sac of the distinctly New Zealand garden suburbs. Examples of both can be seen close to 

the study house (see Figures 62 and 63). Although Auckland was not a New Zealand Company‘s 

venture the city did follow the prescription of Captain Dawson that the best configuration for 

subdivisions was the square or rectangle (Dart: 1963: p12). The preference for this form was 

continued with the 1877 Land Act that decreed sections should be rectangular and not less in depth 
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than twice the frontage (Dart: 1963: p24). In the case of Auckland, most of the early suburbs were 

focused on supporting villages such as Mt Eden, Remuera and Ponsonby, which provided human 

scale and convenient shopping for essentials. It is interesting to note that these areas remain popular 

residential suburbs today. The reliance on the motor car as the predominant form of transport has, 

for pragmatic reasons, imposed the grid pattern as road engineers prefer straight roads. As pointed 

out in Chapter 3 there are equally pragmatic reasons for the private developer to utilize culs-de-sac 

in greenfield developments
39

. 

 

The combination of historic urban patterns and regulations has left most cities with a residue of land 

that is difficult to access and houses that are unsuited for solar energy applications. The study house 

illustrated that, despite this, converting the current housing stock for sustainability means household 

amenity could be improved and utility demands and environmental impact reduced within economic 

constraints. The negative aspects of the project were the rectangular plot that required a driveway to 

a rear section with an impervious surface. This is both potentially dangerous for children, has a high 

embodied energy of 2350 MJ/m
3
 for 17.5 MPa ready mix (Alcorn: 1998) making a total of 25.4 GJ 

(10.8m
3
 x 2350 MJ), and is wasteful of land resources. This latter is significant as there was already 

such a driveway next door, which could have been shared if the regulations had permitted this. This 

type of development has become the default for the predominately rectangular, single plot 

subdivisions. This chapter of the thesis will explore alternatives to this infill model.  

Current directions 

The Auckland Regional Growth Strategy in 2006 ―…identified the need to minimise sprawl and 

encourage compact development‖ (Auckland Regional Council: 2006b: p6). This statement 

associates ―sprawl‖ with the loss of rural land on the city edge and it could be considered a 

justification for the Metropolitan Urban Limits (MUL). As the study house project and other studies 

(Grimes and Liang: 2007: p28), (Pozdena: 2002) have illustrated this action makes land inside the 

MUL far more expensive and could encourage the replacement of existing good quality, less 

expensive houses with more expensive modern houses. This is both wasting resources and placing a 

greater burden on young families attempting to purchase a home. As land becomes scarce the 

Heilbrun and McGuire definition of economic house life is reached. An example would be the study 

house and land that in 2004 was valued at $210,000 (house $10,000) but after subdivision had plots 

alone that were valued at $270,000 and $300,000. If the definition of economic house life had been 

applied a well constructed, robust house would have be wasted that with retrofitting should last 

another 50 years. Statistics show that a modern replacement would be larger and therefore have 

                                                 

39
 Culs-de-sac were utilized for the same pragmatic reasons in Britain, Australia and the USA.   
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greater site coverage with greater embodied energy and less permeable urban land. It also can be 

assumed because of the low national level of installed solar hot water units that solar access for 

future energy reduction is a low priority in new developments. There would also be a waste of the 

energy embodied in the existing house. As further illustration of this, second hand houses removed 

from sites can be purchased from $5000.00. Many such houses average $450 per m
2
 (see 

www.houseremoval.co.nz). Current building costs for residential houses are $1500 to $3000 per m
2
.
 
 

Because of current building costs the combined value of a new house and land would be much 

greater and therefore less available to a lower income worker. The current policy of housing infill 

and replacement can, therefore, encourage expensive inner suburbs and also place pressure on 

public open space for development. This philosophy also ingrains the concept of the city as an 

importer of produce and an exporter of ―waste‖ as the increased land value requires intensity of 

development incompatible with open or planted spaces as shown in Figures 54 and 55. As identified 

by Ghosh ―Apartment blocks would never have enough productive land per household to grow 

vegetables.‖ (Ghosh: 2003: p167) It could also be added that there is little incentive for developers 

to add energy reducing materials or technologies because there is no direct financial return from 

these.  

 

The discussion document Building Sustainable Urban Communities released in 2008 by The 

Department of Internal Affairs appears to embrace the philosophy of Smart Growth with objectives 

specified as ―…to make our cities more sustainable ... new developments and the redevelopment of 

suburbs and town centres must focus on using land, infrastructure and assets more effectively. 

Intensifying land use in strategic areas, in particular, could provide New Zealanders with more 

housing choices, viable public transport and thriving town centres” (Department of Internal 

Affairs: 2008: p3). These objectives may offer the prospect of an increased urban population but 

may not provide more sustainable cities if the developments are similar in nature to Figures 52, 53 

and 56, as apart from placing people on public transport routes there are no other sustainable 

features. It also has to be proven whether having public transport accessible increases public 

transport use (Dixon and Vale: 2005). Proximity to public transport may not reduce vehicle use as, 

for example, in 2006, 61 percent of mature males and 84 percent of mature females worked in 

service industries (Labour Market Statistics, Statistics New Zealand: 2007) which for many means 

variable work locations.  

 

 

 

 

http://www.houseremoval.co.nz/
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Figure 52 Medium density housing near to study house (1) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 53 Medium density housing near to study house (2) 
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Figure 54 A alternative medium density housing development also adjacent to the study house  

 

 

 

 

 

 

 

 

 

Figure 55 The study house street  

 

 

 

 

 

 

 

 

Other planning objectives of the 2006 Auckland Regional Growth Strategy are to ―Increase large 

scale public sector led urban redevelopment which has positive sustainability outcomes‖ and 

―prioritise walking, cycling and passenger transport ahead of cars‖ (Auckland Regional Council: 

2006b: p26). These two statements offer the way to develop a more sustainable city that is 

considerate of environmental, historical and spatial context, topology and existing communities. 

The ethnic composition of Auckland‘s suburbs is also changing with some low density suburbs 

such as Mt Roskill having 76 different ethnicities at the local grammar school (Reidy: 2007: p138). 

Predictions for ethnic population growth indicate that the Asian community will have the greatest 

increase by 2016 (127%) with Pacific (45%) and Maori (27%) following. The driving forces behind 

this growth are immigration (Asian), immigration and fertility rate (Pacific) and fertility rate 

(Maori) (Auckland Regional Council: 2006a: p6-27). It could also be anticipated that an ageing 

population will have an impact on housing style and types. This demographic mix will require an 

unprecedented variety of building types, and the insertion of these types into an existing suburban 

fabric will require sensitivity. Below is an example of the terrace housing being promoted and 

utilized by Housing New Zealand for placing into existing stand alone housing suburbs. It seems to 
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ignore more sensitive and sustainable alternatives (see Figure 54). These Mt Roskill suburban 

terraced houses are disconnected from any shopping centre, disconnected from the street by a grass 

barrier, offer no produce growing facilities, and are incongruent with the existing suburban 

environment. The plan has the long, front elevation orientated north-west (aligned with the road) 

and a roof design that limits solar access with only morning or afternoon sun falling on the roof 

surface. An alternative would have been to arrange staggered blocks that reduced the massing and 

are more in keeping with the suburban environment. The scheme should allow areas for tenants to 

grow produce, be orientated to the north for solar access, and provide shared water harvesting for 

non potable uses. Instead, despite all the Housing New Zealand rhetoric, a car focused, terraced 

block that is isolated in design, place and culture has been constructed.  

 

Figure 56 Housing New Zealand terraced housing 
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A new Housing New Zealand development area near the Study House predestined for medium 

density terraced housing (Figure 57) provides an opportunity to explore alternatives to clear-site 

development. The block highlighted below was in eight titles with two of the existing houses being 

duplexes. The existing houses were demolished and the site cleared as shown in Figure 58. The 

completed project is illustrated in Figure 59 showing a substantial part of each unit‘s footprint is 

used for double garaging. 

 

Figure 57 Housing New Zealand study block 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 58 Housing New Zealand cleared site 
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Figure 59 Completed Housing New Zealand project 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The original Housing New Zealand block (Fig 60) is laid out in the traditional manner with the 

houses aligned with the street. It is interesting to note that four of the lots are close to Ghosh‘s 

optimum lot size. Allowing for an 80m
2
 single storey house, the footprint of the now demolished 

state houses on their lots vary between 10.5 percent (lot 8, the largest) and 14 percent (lot 3, the 

smallest) which is considerably below the 35 percent that the Territorial Authority permits for house 

site coverage. This 35 percent coverage would allow an increase in house size to 184m
2
 (lot 8) and 

117m
2
 (lot 3) and still provide 482m

2
 and 367m

2
 respectively for garden and recreational use. 

Increasing the house size to nearly 200m
2
 or over could easily accommodate a family of five and on 

lots of these sizes there would still be sufficient area to provide for half of the families‘ vegetables 

(177.5m
2
 see p92). Although 80m

2
 is a small house by today‘s standards this area was used here as 

it is comparable with the original study house and many of the existing state houses. 

 

Apart from lot 5 the orientation and roof design of the existing houses has reduced the solar 

potential of the block. Each of the houses would have sufficient area at an acceptable orientation to 

install a solar hot water system to reduce the families‘ energy use. The large lots could also provide 

for PVs on frames within the recreational area and importantly for energy use, provide an area for 

clothes lines for air drying. There would be sufficient area to install water tanks on each property.    
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Figure 60 Housing New Zealand study block original house layout     

 

     Private houses 

      

     Housing NZ land 

        

      HNZ houses  

prior to demolition       

 

Lot sizes 

1 754m
2
 

2 756m
2
 

3 564m
2
 

4 569m
2
 

5 665m
2
 

6 565m
2
 

7 581m
2
 

8 756m
2
 

 

 

 

 

 

An alternative method of development would have been to insert buildings between the existing 

houses as shown in Figure 61. This would have maintained the street context, the embodied energy 

of the existing houses, created houses with similar durability to the replacement buildings and 

incorporated ―sustainable‖ features. One aspect of using terraced or other incongruent housing 

design in an existing suburb that is difficult to quantify is a philosophical one: that of placing 

mainly refugee and lower income families into housing that is different from the local context. This 

is a study yet to be undertaken but the author encountered suspicion and a degree of hostility from 

the residents when photographing the Mt Roskill terraced houses in Figure 56. Many Housing New 

Zealand tenants in the old detached state houses take considerable pride in their environment and 

there a large number of such houses close to the study house and study block. These appear to be 

fully integrated into the local context and community life. It is a question for the future as to 

whether incongruent design is an inhibitor to social integration.  

 

 

N 
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Figure 61 Housing New Zealand block with alternative layout to clear site development  
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         HNZ new  
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The original Housing New Zealand houses accommodated eight families which at the 2003 ratio of 

2.7 persons per household (see p72) would be 21 persons. Inserting the preferred stand alone house 

type between the existing homes would provide a further nine homes or accommodation for an 

additional 24 persons and would save 1094 GJ of energy (see p17) assuming an average 80m
2
 per 

house. Using a gabled roof form orientated slightly west of north would have provided over 49m
2
 of 

solar access area. Allowing 3.8m
2
 for SHW (see p147) there would be 45m

2 
available for 

photovoltaics which could provide over 9000kWh/yr per house (see p109). However, this first 

attempt has produced houses very close to each other making private space hard to define, which 

could lead to problems in the future. It is the desire to get as many houses on the land parcel as 

possible that leads to the use of terrace housing and similar types on small lots. However, this 

approach, although financially viable, will not lead to suburban sustainability as suggested by 

Ghosh and this thesis.   

 

 

N 



Chapter 5 Future directions  

(Sub)urban Directions   Bryan Pooley     184 
 

An alternative scheme with fewer houses could be achieved by minor adjustments to the boundary 

lines that would provide an additional lot and closely align the lot sizes with Ghosh‘s theoretical 

optimum of 555m
2
. This could be accomplished without moving any houses as shown in Fig 62. 

Apart from creating an additional home there would be sufficient land available for extensions to 

each house and for household food production. Although most of the houses would not be at an 

optimum orientation for solar hot water there would be ample roof area for installing water heating 

panels. As discussed earlier only lot 5 and the new house on lot 9 would have roof photovoltaic 

potential but elsewhere these could be installed on frames on the ground.  This scheme would be a 

minor insertion into the suburban fabric and provide housing for over 24 persons with the potential 

to accommodate more with minor extensions that were in keeping with the local context.  

 

Figure 62 Housing New Zealand block at Ghosh's optimum lot size 

 

     Private houses 

      

     Housing NZ land 

        

      HNZ houses  

 

     Driveway 

 

     Garden 

Lot sizes 

1 613m
2
 

2 566m
2
 

3 564m
2
 

4 596m
2
 

5 568m
2
 

6 565m
2
 

7 581m
2 

8 620m
2 

 (incl drive) 
 

9 537m
2
 

 

The completed project to Housing New Zealand design provided a total of 14 units or housing for 

38 persons at 2.7 persons per household, the same as the Figure 61 alternative infill design. Because 

 

N 



Chapter 5 Future directions  

(Sub)urban Directions   Bryan Pooley     185 
 

of the ―terraced‖ design it could be assumed that there would be sufficient area for some of the units 

to provide for larger families. A reasonable assumption for the total project would be housing 

provision for 50 residents. Each unit has a connected garage, a small lawn but no garden or solar 

facilities. However, what the alternative schemes show is that with sustainable design in mind 

houses that could produce all their energy may well have been constructed, still with green space 

around them for other activities. These issues are explored further in a more comprehensive 

theoretical development of a typical Auckland subdivision block below. 

 

What these brief descriptions show it that new housing can be designed on infill sites to have far 

more sustainability potential. The problem is that this is not yet recognised by those who provide 

housing or by its designers. The aim of this thesis has been to show that this is not difficult to do 

and does have real sustainability benefits. 

Future directions 

Ghosh concluded from her research that a plot size of 555m
2 

was the most sustainable suburban 

form but the thesis did not explore alternatives to current urban road and plot structures nor propose 

how the current urban structures would be modified to accommodate the proposed plot size. As 

discussed above (p176) the current default subdivision of rectangular plots is the creation of ―back 

sections‖ with long sealed driveways
40

 which are wasteful of resources and land use while 

increasing the amount of impermeable urban surface and community isolation. This has, in part, 

evolved from historic town planning structures as discussed earlier.   

 

Figure 62 below shows the road pattern north of the study house neighbourhood in 1940. Houses 

are concentrated on side roads off the main arterial and transport route to the city with houses 

aligned in a traditional manner to face the street. The narrow length of the rectangular plots aligns 

with the street to provide more frontages per length of street. Individual convenience stores were 

located on the main road, usually at side road junctions, with larger groupings at regular intervals. 

Two photos below (Figures 63 and 64) show the immediate vicinity of the study house in 1940 and 

2002. In the 1940 black and white photo the developing road features are easily identifiable with the 

beginnings of crescents and culs-de-sac. The historic industry of quarrying can be seen in both 

photos establishing the enduring nature of this operation. It can be identified that apart from the 

completion of the outlined roads and some infill occurring the structure has basically remained the 

same over seven decades.   

                                                 

40
 In one extreme example near to the study house a drive way to service 11 ―back‖ properties has private boundaries 20 

metres wide by 80 metres long, and an area of 1600m
2
, equivalent to 3 housing sites. 
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Figure 63 1940 street layout north of the study house 
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Figure 64 The study block in 1940 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 65 The study block in 2002 
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Rodger and Fay in their 1991 paper (Rodger and Fay: 1991) proposed redeveloping several blocks 

of a typical Australian suburb to be more compact and incorporate sustainable features. This 

premise is still appropriate nearly two decades later with an additional exigency on utilizing solar 

potential, energy reduction, supplying healthy homes in a variety of types, and providing various 

transport options, which could be achieved by making the suburbs more pedestrian porous to 

encourage walking. It is unlikely that this could be achieved using current development models as it 

would require a specialized workforce and designers and planners. These should be versed in the 

history of each community, be design sensitive to the topography and flexible enough to provide 

solutions varied in accordance with the existing spatial organisation. Such an approach to 

development would be an opportunity for Auckland City Council to implement the two objectives 

of the Auckland Regional Growth Strategy as mentioned above.  

 

Many problems associated with the sustainability of suburbia could be eliminated at the green field 

development concept stage by providing for the maximisation of the potential it offered. With 

22,381 houses built each year in New Zealand (Statistics New Zealand: 2006) the improvement in 

urban sustainability from this approach could only be gradual. With an existing housing stock of 

1,471,749 dwellings (Statistics New Zealand: 2006) the greatest potential to reduce the national 

average energy use and fossil fuel consumption, utility supplied water, municipal boundary 

extension, total urban embodied energy, and the level of waste disposal is offered by this approach.  

Without a substantial shift in development models the potential offered by suburbia will remain 

unrealised. This would require the reorganisation of the existing urban pattern which has inherent 

legal, loan security and development difficulties but, as said above, an   ―Increase large scale public 

sector led urban redevelopment which has positive sustainability outcomes‖ (Auckland Regional 

Council: 2006b: p26) offers some optimism that this could happen. 

 

To explore alternative suburban house layout models a street block close to the study house was 

chosen and alternative arrangements explored in more detail.  

Methodology  

A full scale digital AutoCAD legal boundary survey plan was used for the study. The measurements 

of the study block, bordered by Duke Street, Princess Avenue and Parau Street, were cross checked 

against the registered Council titles. The fourth street was an uncompleted ―paper‖ road that 

remains grassed and maintained by the Auckland City Council. A high resolution aerial photograph 

of the area was positioned under the digital plan and scaled to fit the boundaries. The existing 
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houses were drawn in Autocad using the photo as a guide. The drawn house footprints included the 

soffits. There were 28 plots in the survey area averaging 712m
2 

each, a total area of 19,941m
2
.  

 

 

 

Figure 66  

1940 study block in 

development 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 67  

2002 study block  

developed 
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Figure 68 Study block  

 

 

 

 

 

 

 

 

 

Figure 69 Study block house layout 

 

 

 

 

 

 

 

 

 

 

 

Figure 70 Study block alternative layout 

 

 

 

 

 

 

 

 

 

 

 

          Existing houses unmoved          Existing houses moved         New houses          Walkways         Driveways 

 

 

 

N

N 

N

N 

Max. site 

coverage 



Chapter 5 Future directions  

(Sub)urban Directions   Bryan Pooley     191 
 

Discussion  

The block was chosen because it was representative of most blocks within the district, as can be 

seen from Figures 64 and 66. It was close to the study house, was adjacent to the Housing New 

Zealand project discussed above and 26 of the 28 plots were below sub-divisional size for the 

zoning. The minimum plot size for the zone is 365m
2
 and the majority of plots within the chosen 

block were 697m
2
 with two being 872m

2
. Under current regulations this plot size could not be 

reduced to Ghosh‘s optimum 550m
2
 without amalgamating it with another plot. This thought 

progressed to consider the potential offered by repositioning boundaries within the block using the 

ease of moving timber framed houses, as was undertaken with the study house. With a total area of 

19,941m
2
 in the block

41
 a total of 40 houses at 550m

2
 could be placed using freehold titles and not 

allowing for driveways. With a mixture of freehold, cross lease and shared properties a variety of 

housing types catering for various income levels could be provided. This could be achieved without 

substantially altering the aesthetic or nature of the suburb. This level of density could also 

economically support local shops within walking distance. It is likely that a large number of inner 

city suburbs would match this residential block model, therefore conforming to the 550m
2
 model, 

although it has to be acknowledged that larger families would benefit from a larger plot sizes. 

  

Another way of viewing Ghosh‘s sustainability indicator conclusions would be in the separation of 

the conclusions into components i.e. the areas for solar energy production, carbon sequestration and 

food production and waste disposal provided by the 550m
2
 freehold titles. Water harvesting could 

also be included. Transport as a sustainability indicator would be consistent irrespective of the land 

tenure type. The first component is mainly but not exclusively related to house roof size and 

orientation and provided these relate to house occupancy size the type of land tenure would not be 

relevant. The study block was orientated north-east which provided good solar access to early 

morning and midday sun. This provided a flexibility for each house position as a front house of 

equal height does not overshadow the rear house when the sun is at the midday altitude. The latter 

three indicators rely on the ―free‖ area around the house. One of the largest residential land uses 

apart from the house are driveways and parking and if these requirements could be shared or moved 

off site a considerable amount of land could be returned to other uses. This would have advantages, 

particularly if the off site area is already impervious. 

 

The streets in the area are 22 metres wide to provide for footpaths and parking on each side of the 

street and for traffic in each direction. These are car orientated streets that can be intimidating for 

                                                 

41
 There is an inconsistency in the areas provided by the survey plan with 19,941m

2
 given as the block area but the sum 

of plot areas totals 19,866 m
2
. 



Chapter 5 Future directions  

(Sub)urban Directions   Bryan Pooley     192 
 

the pedestrian to cross because of traffic speed and width. They are also dangerous for cyclists with 

the on-street parking creating problems if drivers are not concentrating when opening doors after 

parking. By restricting street parking to the south side of the street and incorporating traffic calming 

―street bumps‖ raised to footpath level and one way vehicle lanes 4.7m wide through the blocks 

(shown in orange in the drawings) for use by the residents and cyclists, there was the potential to 

make the city safer for cycling and restrict vehicle movement within the residential block. This 

would aid in reducing New Zealand‘s significant child driveway deaths and provide a pedestrian 

porous city. There is the opportunity to provide individual off street parking on the north facing 

sites and provide collective parking for south facing sites which would improve solar access. The 

north facing sites would probably command a premium price but the concept would provide 

flexibility of transport choice and provide affordable housing for those who were more public 

transport orientated. A slightly higher density could provide an opportunity for flexible alternative 

transport types such as the motor cycles that operate in other suburban cities like Phnom Penh, 

where there is no public transport, but this would require more major transport planning changes.  

 

The original rectangular sites have the shortest frontage (18.28m) to the north therefore reducing the 

potential for solar energy gains. Opening up the internal space behind the existing houses allows for 

different orientations. The housing units shown in orange have 100m
2
 footprints with courtyard, 

connected and standalone options shown. No attempt has been made in the illustration to allocate 

the ‗free‖ areas around the houses but these consist of the green and white areas in the drawing. 

This unallocated land could be used for recreation or food growing.   

 

Table 58 Study block existing areas and land values  

http://www.aucklandcity.govt.nz/council/services/rates/ 

 

The land value per m
2
 of the study block is below that of the study house at $641/m

2  
but the total 

land value is greater at an average of $320,000.00 per plot for the study block compared to 

$270,000.00 for the study house (Auckland City Council). In all cases apart from a recent 

construction (shown in blue on the drawing) the land value is greater than the improvement (i.e. 

house) value. It is interesting to note that the recent construction appears, from the aerial photos, to 

have greater site coverage than the older houses. This follows the statistically proven trend towards 

larger houses. There is uniformity in the land values for 26 of the 28 plots with a greater value for 

plot size 
m

2
 

number 
plots 

total area 
m

2
 

Household 
land value $ 

total land value 
$ 

$ value 
per m

2
 

average 
household land 

value $ 

872   2   1744 460,000.00    920,000.00 528   

697 26 18122 310,000.00 8,060,000.00 445   

totals 28 19866  8,980,000.00   320,714 
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the larger two plots
42

. Tables 59 and 60 show various statistics related to the redevelopment of the 

study block. 

 

 Table 59 Study plots areas        Table 60 House moving statistics 

existing plots existing m2 

total block area m
2
 19941 

total  house m
2
 4079 

Driveway & parking estimate 4985 

total 9064 

Green area m
2
 10877 

average "free" m
2
 per HH 388 

House site coverage 20% 

 

The notable figure from Table 59 is the site coverage percentage of 20%, which is below the current 

allowance of 35% for this zoning type. This maximum figure is only achieved by the most recent 

building, which was a clear site development and is marked in blue on the plan (p188). The low site 

coverage can be attributed to older, smaller houses as the sites cannot be considered generous by 

New Zealand standards.  

 

When considering the economics of house moving (Table 60) the value of the land gained is the 

determining factor. In 2002 the study house cost $14,062.50 to move, reposition and for 

constructing new foundations. The industry has remained competitive and on the flat sites of the 

study block with a number of houses to move the cost of repositioning would be approximately half 

of the amount gained per house making the exercise economically worthwhile. 

 

Table 61 New development areas 

 

 

 

  

     

 

Table 62 shows that after redevelopment and providing for a communal area (for gardens and 

recreation, shown in green) there would remain 9851m
2
 of land (19,941-10,090) in the total block. 

This is shown in white on the drawing. This area has not been allocated for any specific use but 

could also be used for growing food.  

 

                                                 

42
 These land values are only 16% percent below the average New Zealand total value of house and land of $379,854 

(National Business Review, October 2008). 

house moving total 

number of houses moved 9 

metres moved forward 41 

plot width m 18.29 

area gained m
2
 750 

average  $ m
2
 486 

valve area gained $ 364,554 

average $ land value gain per house 40,506 

 new development existing m
2
 new m

2
 total m

2
 

total  house area  4079 2200 6279 

number 28 22   

average house m
2
 146 100   

Green area m
2
   2648 2648 

Driveway & parking   1163 1163 

total 19941   10090 
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Table 62 New development “free” area 

 

 

 

 

House footprints of 100m
2 

were used to illustrate house layouts and the number of new households 

that could be supported within the block area while maintaining areas for recreation, carbon 

sequestration, food production and waste disposal. This provided enough area for 50 houses, 

including the 28 existing houses with 250m
2
 per household for the purposes mentioned above, 

provided no additional area was used for driveways. This 250m
2
 is not dissimilar from the area 

Lowe was assigning to a vegetable garden to support the household in 1915 (see p91). 

 

Using Ghosh‘s 555m
2
 plot model there would be sufficient area for 36 houses (19941/550) and 

allowing 125 m
2 

for each house and 125 m
2 

for impervious site coverage (25%), there would be 

300m
2
 remaining for the purposes mentioned above. Therefore the alternative arrangement in this 

study provides an additional 10 sites with similar provision for meeting the sustainability indicators, 

excluding transport.  

 

Table 63 “Free” area comparisons  

Conclusion 

It is highly unlikely that drastic changes to land tenure such as that suggested above would be 

readily accepted by the average consumer in the near future as freehold, individual title is too 

entrenched in the New Zealand culture. There are some exceptions as the Freemans Bay Council 

flats, now returned to private ownership, have proved attractive to purchasers. These two storey 

council flats built in 1950s have ―leafy‖ communal gardens with off street parking but no garaging. 

A single bedroom flat sells for approximately $275,000 (Barfoot & Thompson Real Estate).  

 

Change to the existing suburbs may be encouraged because of population growth and 

environmental pressures. Generally land developers are risk adverse and favour the traditional 

models of development, but other models exist such as the Transition Town movement (Brangwyn 

et al: 2008). For these study blocks a community based development would offer a means of 

becoming more sustainable as the individual plots do not have sufficient land area for subdivision 

new development gardening & recreation m
2
 average per household m

2
 

green area m
2
 2648   

white area 9851   

totals 12499 250 

comparisons gardening & recreation m
2
 

average household 
land value $  houses 

"free" land area per 
household 

existing block 10,877 320,714 28 388 

new development 12,499 179,600 50 250 
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and, if they did, this would result in the resource wasteful ―front and back‖ infill only possible 

under current regulations. The difficulty of assembling large parcels of land is a major inhibitor to 

change and currently only Housing New Zealand have access to the existing parcels of land that are 

required but, as indicated by the Housing New Zealand project examples shown in this chapter, 

their direction appears focused on clear site development and the greater density offered by terraced 

housing, with no thought to future sustainability.  

 

One of the advantages of the illustrated study block development is that the ―front and back‖ infill 

model with the associated waste of land and material resources is avoided. However, this model is 

the way many New Zealanders accumulate wealth and is considered an individual right. Until 

houses are viewed as a way of living and not a method of capital gain it is unlikely that this right 

will be restricted or given away. The illustrated model offers opportunities for communal co-

operation in sustainable urban design with things such as water harvesting offering considerable 

potential not only in resource use but for household economics as illustrated by the study house. 

Maintenance concerns by local authorities that currently inhibit potable water being used in 

individual houses could more readily be observed in a communal situation, therefore alleviating 

some of the perceived health risks.  

 

Medium and high density developments can provide opportunities for sustainable urban design with 

developments such as BedZED in Surry, England and Dockside Green in Victoria, British 

Columbia being examples. The former has achieved substantial energy, transport, water, and waste 

reductions when compared to similar developments, and provides the opportunity for the residents 

to have vegetable gardens (www.bioregion.com 18 May 2010). Dockside Green is designed as three 

community projects of mixed use and density with integrated energy reducing technology 

throughout the developments, onsite sewerage treatment, green roofs connected to planted storm-

water waterways and alternative transport options to vehicular use (www.dockside.com 18 May 

2010). The lack of demand for similar developments in New Zealand may be explained by the 

preference for the stand alone house, even though those who purchase apartments seem more 

attracted by cost, social convenience and reduced building responsibilities. It should be noted that as 

established in Section Seven (p154) the total amount of vehicle travel, one of Ghosh‘s sustainability 

indicators, may not vary between apartment owners and suburban residents as recreational travel 

accounts for the majority of vehicle kilometres. Another point of difference between apartments and 

stand alone houses is that air drying of clothes is usually is not provided for in apartments and is 

generally discouraged. This has health implications as indoor drying of clothes increases the 

internal humidity and when mechanical dryers are used to avoid this, energy use increases.   

http://www.bioregion.com/
http://www.dockside.com/
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Medium and high density developments do offer alternative lifestyles sometimes close to social 

facilities and work places but these conveniences have not attracted a substantial portion of New 

Zealand‘s population. 

 

A gradual method of change towards a more sustainable suburbia was proposed by Rodger and Fay 

and in the intervening years technology has offered additional potential such as photovoltaic panels, 

for which site orientation is critical. Evolution is generally more acceptable than revolution and the 

most pragmatic solution to developing a more sustainable urban environment is to utilise the 

potential offered by the current housing stock while encouraging the development of the most 

sustainable urban model. With further research this could prove to be the medium sized suburban 

site as suggested by Ghosh and as supported by the results of this research.  
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Conclusions 

There have been many recent dissertations and papers focused on the research question: what is the 

most sustainable urban form? Most conclusions drawn by these studies will remain academic as few 

opportunities yet exist for large scale urban remodelling. In New Zealand the predominant and 

enduring urban form has been detached houses, originally in the vicinity of a central business 

district, but increasingly far from it. This form offers considerable design flexibility and the 

prospect of a sustainable urban model. The major focus of this thesis was to research and present 

practical data on the sustainable potential offered by this housing type and urban form and propose 

the means of implementing any advantageous research findings. This was, in part, undertaken using 

the five sustainable indicators used by Ghosh in her research into the sustainability potential of 

different urban densities.  

 

The conclusions are presented in a format based on the research question outlined at the start of this 

thesis (p3). 

Can retrofitting contribute towards a sustainable urban environment? 

Energy consumption 

Substantial reductions can be made in energy use by retrofitting existing houses if the total design 

of the house is considered. Ventilation, insulation, orientation (space and house) and energy 

reducing technologies have to be well considered otherwise the gains in one area could be lost in 

another. Energy use reduction in winter is energy ineffective if mechanical cooling is required in 

summer. Following the first year of research, the study house total energy consumption was 60 

percent above the national energy use average, of which 65 percent was attributed to space heating 

with firewood. This was reduced to 23 percent below the national average following retrofitting, 

despite the fact household amenity and comfort levels were considerably improved. When 

electricity use is compared on its own, the study house was 17 percent below the national average in 

the first study period and 28 percent below at the end of the second study period. All of the 

electricity use reduction could be attributed to the use of solar hot water heating and on a purely 

economic basis, encouraging the installation of these units may be more beneficial than installing 

insulation. Transferring the 2090kWh saved from water heating to space heating may raise indoor 

temperatures higher than the 1.2
o
C indicated by the HEEP insulation study (ceiling and under-floor 

insulation only) over the heating season. This can be compared to the 745.5kWh used by the 

modified study house for heating over the study year (Table 28) with full insulation (ceiling, under-

floor and walls. The real problems are the access for retrofitting insulation into walls and the 
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inability of the standard New Zealand house structure to contain high enough levels of insulation 

within the existing exterior wall framing to make a meaningful difference. This suggests that 

internal or external overcladding with additional layers of insulation may be needed. 

Health 

Health was not specifically researched but an improvement in average room temperature in the 

study house during the winter season of 2
o
C indicates that the retrofitting of insulation material 

would assist suffers of temperature related illness and potentially reduce winter mortality and 

morbidity rates amongst the elderly. The winter temperature improvement by the study house was 

double that suggested by the BRANZ administered HEEP study. This could be the result of greater 

attention paid to the installation process, a combination of installing insulation and draft prevention 

or ―whole‖ house insulation i.e. floor, wall and ceiling. The study supports the HEEP conclusion 

that New Zealand houses are frequently below WHO recommended room temperatures. Although 

the temperatures after retrofitting were not as high as those accepted in other parts of the world, 

such as Europe, there is evidence that New Zealanders prefer not to keep their houses too hot, and 

the temperatures reached by the study house, would therefore, be acceptable.  

Embodied energy 

The opportunity presented by retrofitting is frequently ignored by the desire for the ―new‖. Heilbrun 

and McGuire‘s definition of a building‘s economic life may be a pragmatic one but such a practical, 

economic definition may fail to account for other intangible qualities such as the sustainability of a 

neighbourhood design concept, of culture, the quality of tradesmanship and materials or even 

memories. The study house retrofit would have saved an estimated 109 GJ of energy when 

compared to building a new house of equal size and durability standards (see Embodied Energy 

p172).  

What is the potential offered by the suburban stand alone house? 

The study found that there were varying degrees of potential for improving the sustainable urban 

environment using Ghosh‘s sustainability indicators as determinants. These are presented under the 

indicator headings below. 

Domestic energy 

Total energy, excluding travel consumption, was reduced by 70 percent over the two comparative 

study periods. The electricity component was reduced by only 12.7 percent although substantial 

improvements were made over the study period in amenity and comfort for those aspects of the 

house which required electricity as an energy source. It was estimated that 2090 kWh of electricity 
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were saved by the use of solar hot water heating. With correct orientation, and an un-shaded roof, 

the average Auckland household could be self sufficient in electricity by using a combination of 

roof mounted solar hot water heating and photovoltaic panels. The individual owner-occupier offers 

the best prospects for employing this energy reducing technology on a rapid and extensive scale but 

the expense will inhibit the technology adoption unless incentives are provided. The study house 

finding would add considerable support to Ghosh‘s contention that a stand alone house on a 

medium size plot offers the most sustainable urban form. 

 

Vehicle use is individual and without substantial data it is difficult to gauge accurately the effect of 

suburbia on overall travel energy use apart from saying that sense would indicate that the spread of 

the city would increase that form of energy use. For the study house the recreational energy use was 

two thirds of the total annual vehicle distanced travelled (Table 41) and this would not be 

substantially changed even if living within walking distance of work. Factors such as the type of 

work, start and finish times, the climate, sleep habits, frequency of house changes, recreation 

lifestyles and age can all have a bearing on travel behaviour. This is an area that requires extensive 

further research. 

Food production 

With a 555m
2
 site, the study house would have produced 37.5 percent of the study groups‘ 

vegetable needs. It would be possible on a site of this size to provide 50 percent of the average 

households‘ vegetable needs if the right soil and experience were available. There are economic and 

health benefits from growing vegetables on site along with the ability to absorb waste and reduce 

CO2 emissions. This section adds support to Ghosh‘s conclusions.  

Carbon sequestration  

Suburbia and the stand alone house together offer the potential to sequester a proportion of the CO2 

emitted by an average family‘s activities and energy requirements. This ability is limited especially 

on smaller sites. The default ―front and back‖ form of urban infill further reduces the vegetated area 

of the total plot as driveways are not considered part of the net area. Of greater importance are the 

―green‖ or pervious off site areas that are frequently controlled by the Territorial Authorities but 

that form an integral part of suburbia. Also important are the opportunities to reduce CO2 emissions 

by reducing waste transportation. The study house by reducing its energy use lowered CO2 

emissions by 0.64 tonnes compared to the national average.  
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Waste 

Recycling organic waste into the ground could reduce Auckland landfill by approximately 45,628 

tonnes per annum. This would require a minimal area to support a worm farm, compost heap or to 

bury the vegetation. A worm farm is the most practical method in a small area. 

Water harvesting 

Reliance on utility supplied water can be substantially reduced or eliminated by using rainwater 

collection. The level of reduction is dependent on several factors. Apart from rainfall, the most 

important are the size of the storage tanks that can be installed and the configuration of storm-water 

guttering. Using rainwater is only permitted for non-potable purposes in most New Zealand urban 

areas but compact filter and UV treatment systems would provide a reasonably safe substitute. By 

using such as system the study house reduced the purchase of water from the utility supplier by 78 

percent.  

Transport  

Travel is one of the prime sustainability indicators. The size of the study group involved in this 

thesis was too small to contribute any significant data. Solutions to suburban transport are critical to 

urban sustainability and could be as simple as having a flexible transport system. The design of 

suburbs that are more penetrable to encourage walking and cycling is also necessary.  

How can the potential offered by suburbia be utilized?  

To have rapid change or alter what is considered standard would require mandatory regulation or 

incentives of some form. This might include attaching loans to the property rather than the 

individual, as suggested by Birkeland (Birkeland: 2003: pp1-20). An alternative but less reliable 

method would be through the influence of demonstration projects, possibly using money from 

government agencies.   

Does suburbia offer a more sustainable urban form than other alternatives? 

The ability of individual stand alone houses to be rapidly adapted to different design forms, 

different levels of density, orientation, and landscape plans offers a degree of flexibility not present 

in any other urban form. This housing type offers the opportunity to scale developments and test 

concepts within an economic framework or gradually evolve solutions as aspects, like 

demographics, change. Suburbia has the capability to be self sustaining if its full available potential 

is utilised.  
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What is the most sustainable residential block density?  

There is a certain amount of evidence that as an individual plot, Ghosh‘s proposed density of 18 

households per hectare may be the optimum size for a degree of self sufficiency for the average 

family within an Auckland urban environment, as illustrated by the study house‘s ability to 

sequester all the study group‘s work travel CO2 emissions (p156). There are variables that have to 

be applied to this hypothesis such as the size of family. Large families would benefit from increased 

areas for a garden or solar panels compared to the smaller area required by an increasing ageing 

population. It is possible that a ratio of land area per person would be an improved expression of 

sustainability potential. This would give the flexibility to use land as family requirements or 

personal situations require. ―Free‖ land areas around or adjacent to residential areas also play a part 

in maintaining bio-diversity and green routes for birds and animals. These requirements need to be 

accommodated within the metropolitan area. Medium and high density residential developments do 

have the potential for improving their environmental footprints as discussed (p196) but there is no 

indication that developers are prepared to construct developments like Dockside Green (p195) or 

that New Zealanders are prepared to accept this form of urban accommodation in substantial 

numbers.   

Further research 

To extract definite data from a research project on sustainable urban design will require a larger 

sample group than that studied by this thesis. The resources and organisation to achieve this would 

be considerable but to derive substantive conclusions a larger study group is necessary. This could 

be combined with comparative studies of other urban forms using the same sustainability indicators. 

The research should include the transport practices of high and medium density residents for food 

shopping, recreation and social activities to assist in answering the question of whether increased 

density reduces the use of personal transport. Alternative methods of suburban public and personal 

transport should be investigated, together with an examination of existing laws that inhibit transport 

options.  

 

Further research is necessary to establish whether renovation or replacing older homes with 

specifically designed new houses (see appendix one, The Project Continues) is the more sustainable 

option. This research is linked to the design of urban expansion and infill developments and could 

be undertaken by a combination of modelling and built examples.  

 

The impact of localized food production on transport, energy use, health, employment, household 

incomes, urban development and global warming requires a comprehensive national study. A 
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similar study is also necessary to establish whether collecting rainwater for potable use is 

detrimental to the health of the urban population or whether the requirement for safe drinking water 

could be satisfied by regulation.   

Final conclusion 

The ability of suburbia to adapt rapidly to new concepts, the flexibility offered by this urban form 

and the universal acceptance and preference for the life style suburbia offers provides both the 

opportunity and incentive to develop suburbia into a sustainable, metropolitan form. By adopting 

sustainably orientated policies New Zealand suburban cities could become among the most energy 

efficient and enjoyable urban environments in the world. 
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Introduction 

The purchase of the study house property was undertaken with two research components in mind; 

researching retrofitting and Ghosh‘s hypothesis that suburban densities offered a route to 

sustainable urban form, and a comparison between retrofitting and building new in making more 

sustainable and comfortable houses. The second objective included researching embodied energy, 

space temperatures, building economics, interseasonal energy storage, diurnal concrete slab 

temperatures, domestic energy use, solar orientation and the use of integrated photovoltaics in an 

urban area related to the building of a new house, still on a plot that matched Ghosh‘s ideal density. 

The uniqueness of the research partially related to both buildings being on the same site and 

therefore subject to the same environmental influences.    

 

Some of the design choices and construction methods for the new house on the sub-divided rear site 

and data comparisons are presented below.  

 

Figure 71 Site and roof plan    Figure 72 House plan  
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Figure 73 House plan 1st floor 

 

 

 

 

 

 

 

 

Design  

Apart from the research considerations mentioned above the new project was designed to relate 

closely to current house sizes but with the flexibility for it to be separated into two house units, each 

with two bedrooms and sharing a common entry. This would allow for changing demographics and 

would ensure that the new house had a long, useful life because of this in built flexibility. Separate 

solar HW panels and cylinder systems and separate electricity distribution boards were installed and 

the ability to meter water individually was included in the design. Current zoning only allows for 

one house unit per site and the design received attention from council planners during the consent 

process, who thought the property would be sub-divided on completion. This was never the 

intention, and again shows the problems of trying to produce more sustainable houses under present 

legislation and expectations. Data gained from the modified study house was used for the sizing of 

the water storage tanks (Figure 73) and photovoltaic system (Figure 80).  

 

A significant part of the design was the inclusion of a heat sink capable of inter-seasonal storage. 

This heat sink of 63m
3
 used rocks excavated from the site with concrete slurry filled voids (Figure 

76) that saved transport and reduced land fill, two issues frequently associated with building 

construction. A 125mm layer of polystyrene formed the under-floor insulation (Figure 75) and the 

edges were insulated with 75mm polystyrene slabs to the bottom edge of the foundation. As well as 

the heat sink a second insulated slab was incorporated for storing daily solar gains, called the 

diurnal slab. This was insulated from the ground with 125mm polystyrene and was a slightly deeper 

than normal 120mm slab (Figure 74) with edge insulation. Normal waterproofing was used under 

 

Bed room 

Office 

Bed room 
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both floors and edges. The timber frame was designed to avoid cold bridging by layering both sides 

of the frame with 25mm of polystyrene (Figures 77 and 78). 

 

Insulation levels and components can be seen in Tables 64, 65 and 66.  

 

Table 64 Floor insulation calculations 

Item Layer Component Thickness m k R U 

Floor 1 EPS 0.125 0.038 3.29   

Totals         3.29 0.30 

 

Table 65 Wall insulation calculations 

Item Layer Component Thickness m k R U 

Wall 1 Rsi - - 0.12   

  2 Gibboard 0.01 0.22 0.05   

  3 EPS 0.02 0.038 0.53   

  4 Ply 0.01 0.138 0.07   

  5 Bradford Gold 0.09   2.20   

  6 EPS 0.025 0.038 0.66   

  7 BP - -     

  8 Cavity - -     

  9 Weatherboard 0.02 0.13 0.15   

  10 Rso - - 0.06   

 Totals        3.84 0.26 

 

Table 66 Ceiling insulation calculations 

Item Layer Component Thickness m k R U 

Ceiling  1 Rsi - - 0.12   

Blk B 2 Gibboard 0.013 0.22 0.06   

  3 VP - -     

  4 EPS 0.035 0.036 0.97   

  5 Bradford Gold 0.095   2.60   

  6 Colour steel     0.10   

  7 Rso - - 0.06   

Totals         3.91 0.26 
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Figure 74 Water tank 

 

 

 

 

 

 

 

 

 

 

Figure 75 Diurnal slab preparation 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 76 Heat sink preparation 
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Figure 77 Heat sink rocks 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 78 Insulation to room above heat sink (the thermal cell) 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 79 Insulating to prevent cold bridging 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Appendix one the project continues 

(Sub)urban Directions   Bryan Pooley     217 
 

Figure 80 Completed house with sun entering 2.30pm 21 June 

 

 

 

 

 

 

 

 

 

 

 

Figure 81 Preparation for 2.8kW photovoltaic array 

 

 

 

 

 

 

 

 

 

 

 

 

The house was occupied in June 2008 while it was still under construction. Recording of 

temperature measurements has only been undertaken since the start of June 2009. One month‘s data 

are presented in Tables 67 and 68. 
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Table 67 Comparison of temperatures 

Temp 0C 
Original house 
June 2002 

Modified house 
June 2005 

New house June 
2009  heat sink 
area  

New house 2009 
diurnal slab space 

Highest interior 19.6 18.6 23.9 24.0 

Lowest interior 10.5 8.1 11.9 7.8 

Difference 9.1 10.5 12.0 16.2 

Average interior 14.4 14.9 15.8 13.9 

Highest exterior 18.5 17.2 16.7 16.7 

Lowest exterior 8.7 4.9 2.9 2.9 

Difference 9.8 12.3 13.8 13.8 

Average exterior 13.9 12.5 10.4 10.4 

Interior at lowest ext 12.3 8.9 13.0 8.6 
 

Table 68 Comparison of energy use 

Electricity use kWh 
Original house 
2002 

Modified house 
2005 

New house  
2009  

June* 405.5 487 481.8 

Average 14.5 16.23 16.06 

HW on 30 2 25 

Solar Rad Mj/m
2
/mth 153.1 196.6 82.7 

Gas for heating 
(equivalent kWh) 0 0 40.63 

Heating days 26 27 14 

9.00 litres x 25.4 MJ/litre = 228.60MJ of gas in the full bottle 

742.95 MJ x 64% = 146.30 MJ = 40.63 kWh  

* June 2009 has been part of the coldest NZ winter in 30 years, as reflected in the solar radiation figures.  

Analysis 

Introduction 

The data for the new house is only for the month of June 2009 following the total enclosure of the 

building. For the original and modified houses the temperatures are for June in 2002 and 2005 

respectively. The part of the building over the diurnal cycle concrete slab still had windows that 

could not be fully closed during the data collection period therefore the air temperatures would have 

been lower than might be expected. For this area of the house the figures are presented for 

consideration only and are not included in the analysis. Both concrete slabs had been covered for 18 

months and all windows were double glazed. There were no curtains. Four Escort data loggers were 

placed in shaded positions in the kitchen, office, lounge and bedroom. In the heat sink space only 

the kitchen data is used in the analysis as the lounge data recorder was poorly positioned on the 

concrete fire mantelpiece and picked up heat from the concrete, which was warmed by the fire. The 

data was downloaded at the end of the month. Heating for the 270m
3 

volume thermal cell (heat sink 

space) came from a 4.5kW gas heater with a 75 percent efficiency rating. This used 5.8kg of gas for 
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the month (64% of full bottle). Exterior temperatures were obtained from the NIWA Khyber Pass 

station, the same station used for the study houses.   

Data analysis 

June 2009 was colder than 2005, with 58 percent less sunshine than 2005 and 46 percent less than 

2002. Exterior temperatures were on average 2 to 3
o
C colder. Electricity use was comparable with 

the modified house but with the HW element in the solar water cylinder used on 23 more days 

because of the low sunshine hours and low temperatures. The equivalent of 40.63kWh of gas was 

used (30kWh of heating at 75% efficiency) for heating in the month making a total of 522.50kWh, a 

significant increase on both the original and modified houses. Surprisingly the temperature 

fluctuation was the greatest for the block with the heat sink with a difference between the highest 

and lowest temperatures of 12
o
C. It can be seen that although June of 2009 was 2

o
C lower than the 

lowest of the comparison months the lowest interior temperature was 2.8
o
C higher making a total 

4.8
o
C difference that could possibly be attributed to higher levels of insulation. It is unlikely that the 

increased temperatures were the result of the effect of there being increased heating as the data 

recorder was 13.5 metres from the heater. It is also unlikely that the slab would be contributing 

energy into the space as it had only had one summer in which to dry out. Heavily insulated concrete 

buildings only stabilise internal temperatures after 2-3 years when the concrete has dried. This was 

the experience at the Hockerton Housing Project in the UK. Despite the cold winter, there has been 

a reduction by 13 in the number of days between the modified house and the new house when a 

heater was used  

Conclusions 

It is obviously too early to draw any conclusions although the indications are that the new house 

and the modified old house will have similar annual electricity usages but that the heating 

requirement of the new house will depend on the performance of the heat sink when it has dried out 

and been fully charged over a summer.  
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Pre Filter 5 micron, AP110 resin bonded graded density cartridge 

 

Final Filter 1 micron, Cyst Guard 41-CG100-2 

 

U.V Unit Trojan UV MAX B rated 0-28 LPM 

 

Includes: Multi voltage ballast 

 190-265V CE rated 

 Full stainless vessel 

 Separate lamp and quartz sleeve 

 Safety earth lead/strap 

Power   230Vac  27 W     

Board Size 800mm x 400mm 

Inlet 20 mm BSP male 

Outlet 20 mm BSP male 

Max.Pressure 125 psi 

Max.Temp 40
o
C 

Maintenance 

Trojan UV Unit 

Please follow carefully the maintenance instructions in the Trojan Max instruction book. Lamp 

model is 602726. 

 

Aquapure Filters 

Prefilter  -  Aquapure AP110 5 micron replacement cartridge 

Final Filter   -  Aquapure 41-CG100-2 replacement cartridge. 

 

The above filter cartridges are disposable cartridges and will need replacing as the pressure drop 

increases. They are capable of 25psi (170kpa) pressure drop (D.P = Differential Pressure), however 

at this level your flow will drop significantly. Maximum time between replacements is 12 months.
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Date Time Reading Used Total kl daily av per/mths 

31-Jan-05 1000 4491.13 29.61 29.61 0.955161   

28-Feb-05 1030 4508.73 17.6 47.21 0.628571   

31-Mar-05 825 4521.9 13.17 60.38 0.424839   

30-Apr-05 1100 4528.53 6.63 67.01 0.221 60 

31-May-05 9000 4529.94 1.41 68.42 0.045484 62 

30-Jun-05 9000 4530.4 0.46 68.88 0.015333 58 

31-Jul-05 2400 4530.6 0.2 69.08 0.006452 59 

31-Aug-05 1230 4530.93 0.33 69.41 0.010645 65 

30-Sep-05 1000 4533.27 2.6 72.01 0.083871 56 

31-Oct-05 1800 1.1438 0.8763 72.8863 0.028268 69 

30-Nov-05 1800 7.6703 6.5265 79.4128 0.21755 54 

31-Dec-05 1400 11.5296 3.8593 83.2721 0.124494 39 

 

 

Date Comments 

31-Jan-05 Visitors staying-latter part of the month hot and dry-watered garden frequently-water tank installed 31 Jan (not operating but ready to fill) 

28-Feb-05 Garden watered daily-only two showers of rain in the month-North roof connected to water tank 

31-Mar-05 Garden watered daily-first rain but only 1 heavy downpour and 1 shower-usually dry sometimes overcast-still using town water 

30-Apr-05 Garden watered regularly but reduced from previous month-only 2-3 showers in the month-still using mainly town water 

31-May-05 Tank filled in the early part of the month-good rain in the latter part of the month  

30-Jun-05 Reasonable rain over the month - mainly using tank water  

31-Jul-05 Quite a lot of rain over the month - more than the tank could hold 

31-Aug-05 Rain early in the month but dry the last week - watering garden end of the week 

30-Sep-05 9th water at inlet level-steady rain 11th - 24/09/05 water meter replaced by Metrowater 4533.00-reading from new meter 1/10/05 (0.2675) 

31-Oct-05 7/10 reading (0.3202) - 31/10 (1.1438) some good rain over the month 

30-Nov-05 Water tank filled to inlet with city water 17+20. Watering garden frequently.  

31-Dec-05 
Cleaned & filled fish pond (4/12/06) 8.7032 start 8.8689 finish - total 0.1657 - Danny fill start 9.1038 finish 9.1729 total 0.07-15/12 0011.4905-away from 16/12/05 
to 03/01/06 
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Date Items                     Time 

  Gorgettes Patty Greens Beans Tomato Potato Pumpkin Kumara Yams Snow peas Strawberries Lettuce   

3-Jan-05 450 50     3000         50   3 

4-Jan-05 150 25 33                 1 

8-Jan-05 900 50 16             10   1 

18-Jan-05 900 150                   1 

20-Jan-05 300 50 120                 5 

24-Jan-05 150 75 100                 2 

25-Jan-05 450                     2 

28-Jan-05 500 75 100                 5 

29-Jan-05 350   400                 3 

30-Jan-05 150                     3 

31-Jan-05 350 75 90                 3 

2-Feb-05 600   300                 2 

3-Feb-05 100 30 100                 2 

5-Feb-05 100   220                 6 

8-Feb-05 200 50 250 25               1 

9-Feb-05     150                 1 

11-Feb-05 750   750 20               2 

15-Feb-05 250     20               0.5 

16-Feb-05 750   1200                 1 

17-Feb-05 200                     3 

18-Feb-05 250   500                 1 

19-Feb-05     500                 3 

20-Feb-05 300   300   300             2 

21-Feb-05 400   250                 2 

22-Feb-05     750                 2 

24-Feb-05 100   850 250               2 

26-Feb-05 60 30 1000 100               2 

28-Feb-05     100 150               1.5 

1-Mar-05     300 250               1 

2-Mar-05 250                     0.5 

3-Mar-05 300   500                 1.5 

5-Mar-05     400                 1 

7-Mar-05 300   780                 0.5 

10-Mar-05 300   1200 300               0.5 
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11-Mar-05 250   200                 1.5 

13-Mar-05 200   850 100               1 

15-Mar-05     300                 1 

16-Mar-05 200   300                 0.5 

17-Mar-05     1000 200               0.5 

18-Mar-05 250   1500 300               0.5 

21-Mar-05 250   750                 1 

24-Mar-05 200   300 100               1 

26-Mar-05 500   600 600               0.5 

28-Mar-05     300                 0.5 

4-Apr-05 500   250     800           1 

5-Apr-05     250 600               0.5 

6-Apr-05     50 200 500             0.5 

12-Apr-05 150   50 500 300             0.5 

16-Apr-05       200 200             0.5 

17-Apr-05     50 900               0.5 

22-Apr-05 250     200 300             0.5 

26-Apr-05 200     300 150             0.5 

29-Apr-05 600     500 500             0.5 

2-May-05 500   20 250 50             0.5 

6-May-05 500     280 150             0.25 

9-May-05 500   35 50               0.25 

12-May-05     50 50               0.5 

16-May-05 1000                     0.25 

19-May-05 800     150               0.5 

28-May-05 150     50               0.25 

2-Jun-05       200       800       0.24 

6-Jun-05 250       500             0.5 

17-Jun-05     120 100 3000             0.5 

26-Jun-05         350             0.25 

29-Jun-05       100 1250   50         3 

4-Jul-05               250       0.25 

12-Jul-05         1750     450       1 

17-Jul-05         1100             0.25 

21-Jul-05         1500     500       0.5 

26-Jul-07         250     50       0.5 
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27-Jul-05         2500             1 

1-Aug-05         1750             0.25 

3-Aug-05         3000     300       0.25 

7-Aug-05         1000   400         0.25 

9-Aug-05         2500     500       0.5 

31-Aug-05         1750             0.5 

6-Sep-05         750             0.5 

10-Sep-05         500             0.5 

11-Sep-05             500         0.5 

24-Oct-05         3000   800 300     2 0.5 

20-Nov-05                     7 0.5 

25-Nov-05                       0.5 

6-Dec-05     150                 0.25 

9-Dec-05     550           150     0.25 

10-Dec-05     250                 1 

11-Dec-05     1500                 0.5 

14-Dec-05     850                 1.5 

                          

Totals kgs 17.11 0.66 21.534 7.045 31.9 0.8 1.75 3.15 0.15 0.06 0.009 99.74 
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