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Abstract. This study examines various technologies and systems that 
have the potential to make significant inroads into lowering the reticu-
lated energy demanded by New Zealand housing. Four types of space 
conditioning technologies and four types of micro-generation systems 
were examined in some detail. Examination included interviews, 
computer simulation and in-situ self-monitoring. A series of filters 
were used to determine the most promising systems in terms of desir-
ability, reliability, performance and financial benefit. The two most 
promising installations shortlisted which met the criteria were Trombe 
walls and grid-tied photovoltaics.  
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1. Background 

The urgency for humankind to address two of our most pressing global is-

sues – climate change and the depletion of non-renewables – has never been 

as great. The implications of these interconnected issues on and by the built 

environment are significant, pronounced and enduring. The building industry 

therefore has a pivotal role to play – not only in responding to these chal-

lenges but also ensuring that the responses are performed in the most effec-

tive way possible.  

Only a small portion of New Zealand’s (NZ’s) estimated 1.63 million 

households (Statistics New Zealand, 2013) have implemented well-targeted 

responses to these dual global issues. Progress has been slow with many op-

portunities being missed. There is still much confusion and misinformation 

about just what constitutes practical, effective low-carbon responses for the 

housing sector. The advent of ‘eco-bling’ – i.e. poorly performing yet costly 

technology which is less effective than simpler alternatives – further adds to 

the confusion, undermining more worthy initiatives.  
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2. Introduction  

This study sought to, firstly, uncover practical, effective technologies and 

systems that can make significant inroads into lowering the reticulated ener-

gy demanded by NZ housing. For identified technologies, the second objec-

tive was to provide informative technical guidelines for education and pro-

motion of the building industry.   

The key research question became:  What are the most robust micro-

renewable (‘micro-gen’) systems and uncommon space conditioning tech-

nologies used in NZ homes that provide substantial benefit to their owners? 

And, what are the practical limitations associated with their design, perfor-

mance and continued maintenance that need to be understood, to ensure their 

appropriate specification?  

For the purposes of this study, a technology/system is considered benefi-

cial only if it: 

 is seen as desirable by its users 

 provides significant energy generation/saving, when modelled and measured. 

 is applicable to the majority (if not all) of New Zealand climates  

 is reliable in operation, and finally 

 is financially viable during its expected lifetime. 

It is very difficult to get a picture of the extent of micro-gen systems and 

uncommon space conditioning technologies operational in New Zealand, 

circa 2012. As there is no central public database or register of these systems 

and technologies, their actual numbers and locations can only be hypothe-

sized. The author estimates that the number of micro-gen systems is proba-

bly in the low thousands but rapidly increasing, with the number of unusual 

space conditioning technologies operational at less than 100, over some 1.63 

million households (Statistics New Zealand, 2013). With the exception of a 

few studies (such as Jaques and Burgess, 2010 and Gemmell and Coward, 

2010), there has been little in the way of post occupancy investigation of 

domestic-based micro-gen systems or unusual space conditioning technolo-

gies either nationally or internationally.  

3. Methodology 

3.1. INTRODUCTION 

The investigation was divided into two parallel work-streams: (i) micro-gen 

systems and (ii) space conditioning technologies. A similar methodology 

was used for investigating both installation types: one-on-one in-depth inter-

views with owners/designers; performance assessment via computer simula-
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tion and informally-collected performance data and key financial metrics. 

No independent monitoring of the installed systems and technologies by the 

author was carried out for any of the homes, as this was outside the scope of 

the project.  

A request to participate in the study was made to various interest groups, 

energy- and construction-related industry bodies and the media. Potential 

participants were required to:  (i) have an operational home-scale system or 

technology (ii) be willing to be interviewed in depth on their system, and fi-

nally (iii) have several months of logged performance data. After considera-

ble enquiry, a shortlist was identified of 15 systems from around the country, 

all with varying degrees of performance self-monitoring.  

3.2. INTERVIEWS 

Fifteen face-to-face interviews were conducted with owners and designers in 

2012. Questions were divided into two parts. Part A focused mainly on the 

system’s specification. Part B focused mainly on the actual performance and 

overall satisfaction of the system. The self-collected performance data was 

desirable mainly as an indicator of owner interest and system understanding.  

3.3. INSTALLATIONS EXAMINED 

The micro-gen systems shortlisted were: a) grid-connected photovoltaics 

(PVs) (x1), b) stand-alone PVs (x1), c) grid-connected wind turbines (x1), 

and d) stand-alone wind turbines (x1).  

The space conditioning technologies shortlisted were:  a) Trombe walls 

(x4), b) non-aspirated solar air heaters (x3); c) earth tube coupled with valley 

cooling (x1); and d) rock bins (x2).  

3.4. COMPUTER SIMULATIONS  

SUNREL
TM

 (Deru et al, 2002) was used primarily for the thermal simulation 

and analysis. SUNREL
TM

 default inputs were supplemented by BRANZ 

Household Energy End-use Project’s (Isaacs et al, 2006) data. In terms of 

micro-gen simulation, NZ’s environmental performance assessment tool 

Homestar
TM

 (www.homestar.org.nz) was applied, which relies on historic 

monthly climate data, AS/NZS 4509 (Standards NZ, 2010) and the UK’s 

Standard Assessment Procedure 2005 (Building Research Establishment, 

2009) to estimate electricity yield.  
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4. Findings 

The findings of this study can be considered only indicative due to the small 

number of technologies and systems examined. However, they do provide a 

practical insight into NZ-specific domestic-scale installations, about which 

little is known.  

4.1. FACE-TO-FACE INTERVIEWS 

The following summarises key interview findings. It should be noted that the 

subjects interviewed had all self-funded the energy installations and all had a 

natural (and in many cases, enduring) interest in their particular sys-

tem/technology. Thus, there is a high likelihood of bias being introduced. 

4.1.1. Micro-gen systems 

 Simple is best. This holds true even if the owner was technically adept. The 

simpler the system, the less likelihood there was of things going wrong and 

the more likely the system would be understood and therefore well managed. 

 The operational information provided by the installers had a lot to be desired. 

This has important implications for longer-term system viability and on-

going user satisfaction. 

 The reliability and low maintenance of grid-connected PVs was well appreci-

ated, compared to the other renewable systems. As a result, it was seen as the 

more desirable and recommendable. Conversely, wind turbine satisfaction 

was low or very low. 

 There was great diversity in why those interviewed decided to invest in re-

newables. This ranged from a strong sense of environmental commitment 

right through to the very pragmatic – lowering purchased energy.  

 There was also great diversity in the amount of due diligence displayed by 

the owners in selecting a system. Some left it up to the experts, with varied 

degrees of success, while others spent considerable effort conducting their 

own comparative investigations and calculations. Due diligence did not nec-

essarily translate to functional success.  

 Apart from a catastrophic failure, there was no mechanism for alerting the 

user to sub-optimal system performance. Reliance on historic data for com-

parisons meant it was not possible to optimise systems.  

4.1.2. Space conditioning technologies 

 There was a wide range of responses concerning reasons to invest in these 

unusual technologies. This ranged from a simple curiosity in alternative solu-

tions right through to lowering purchased energy.  
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 No user manuals had been written for any of the technologies. The most un-

complicated system (i.e. Trombe walls) was considered too simple to necessi-

tate written instructions. All of the remaining systems were developed by the 

current owners, who understood them intrinsically through a mix of studies 

and hands-on engagement.  

 Compared to a good quality heating/cooling technology (at approximately 

NZ$4,000 or more installed), all the systems examined were considerably 

cheaper to build. However, with the exception of the Trombe wall, none of 

the technologies examined provided for all of the dwellers’ space heating 

needs, so could not be seen as a ‘drop-in’ replacement for more conventional 

technologies which rely on purchased energy. 

 All the owners thought that their technology provided positive comfort bene-

fits and were either ‘satisfied’ or, usually, ‘very satisfied’ with its perfor-

mance. However, the rock-bin systems were seen by their technically minded 

owners as not recommendable due to their operational complexities.  

 It seems that, of all the systems examined, the Trombe wall system offers the 

most opportunity.  This equates to providing trouble-free, easy care, yet sig-

nificantly beneficial space conditioning.  

 In only two of all the systems examined were computer-based simulations 

used to explore the technology at the design stage.  

 With the exception of the rock bin, all the technologies were seen as reliable 

and therefore worth recommending to others.  

Based on interviewee responses, the installations that have the best poten-

tial to deliver the greatest benefit to the householder are Trombe walls and 

grid-connected PVs. Conversely, it seems that (even at this early stage) rock 

bins and wind turbine installations have a lower potential to meet the needs 

of the owners.  

4.2. COMPUTER SIMULATION  

4.2.1. Thermal simulation of space conditioning technologies 

Simulations were initially performed to better understand a technology’s im-

pact on key comfort metrics across NZ climate zones. (The exception was 

the earth tube coupled to valley technology, as its very site-specific nature 

limited its potential for wider application, so simulations were not carried 

out). Homes were modelled, both with and without the technology installed, 

for four climates:  the as-built climate plus the three New Zealand urban cen-

tres of Auckland, Wellington and Christchurch. Of most interest was the 

comfort within the key living area – the lounge.  
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Initially, simulations were carried out assuming no artificial heating or 

cooling took place within the house – what is referred to as the ‘free-

running’ performance. The specific comfort metrics used were: Overall 

Comfort, periods the lounge temperatures were between 18 and 25
o
C; Over-

heating, periods the lounge temperatures rose above 25
o
C; and Overcooling, 

periods the lounge temperatures fell below 18
o
C. In each case, only the 7am 

to 11pm period is scrutinised – that is, when the lounge would normally be 

used. The extent of the impact is measured in degree-hours (
o
hrs).  

Findings for each technology’s performance are shown in Table 1, aver-

aged over the four climates. 

Table 1:  Comparative comfort performance, averaged over key NZ climates 

 

Technology 

Type 

Effect on overall  

comfort  

Effect on  

overheating  

Effect on  

over-cooling  

                                     - of having technology installed - 

Trombe walls 8% better NA 1208 ohrs less 

Solar air heater 5% better NA 675 ohrs less 

Rock bins 1% better NA 550 ohrs less 

A further examination was then carried out on the amount of space heat-

ing energy necessary to bring the living zone to 20
o
C (i.e. the ‘make-up’ en-

ergy required). The results are shown in Table 2.  

  Table 2:  Comparative heating energy needs (20oC set-point) averaged over key NZ climates 

 

 

 

Technology 

Make-up space 

heating (no tech-

nology installed) 

(kWh) 

Make-up space 

heating (technolo-

gy installed) 

(kWh) 

Resulting space condi-

tioning reduction per-

centages 

(technology installed) 

Resulting 

savings  

(25c/kW

h) 

Trombe walls 3314 2576 29% $184 

Solar air heater 2805 2300 12% $45 

Rock bins 2603 2601 1% $7 

 

Table 2 shows that the thermal benefit of the Trombe wall is considerably 

better than those of the other space conditioning technologies. This holds 

true for the examined NZ climates and house types. All the other heating 

systems make use of convective and conductive heat transfer, involving air. 

Air has a comparatively low heat capacity – approximately 1/2000
th
 that of 

concrete. Trombe walls, however, make direct use of solar energy. This 

more direct method provides a far more effective energy transfer process to 
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the room adjoining the wall. These positive attributes mean further investiga-

tion is warranted.  

4.3. IN-SITU LOGGED PERFORMANCE  

In almost all cases some sort of self-monitoring – whether via spot meas-

urements or by longitudinal examination – was carried out to determine the 

installation’s in-situ performance.  

In terms of the micro-gen systems, monitoring was always carried out by 

the owner or service provider. The digitally-integrated nature of the control 

systems meant that collection of a wide range of energy-generation infor-

mation required little human effort. For the PV systems, the modelled elec-

tricity yield provided a reasonable correspondence with the recent yield fig-

ures. For the wind turbines, the recent yield figures did not correspond with 

those modelled (or derived from the manufacturers’ own power curves). In 

the case of one turbine, no electricity had been generated since its installa-

tion over 2 years before due to mechanical issues combined with improper 

specification.  

In terms of the thermal technologies, monitoring was conducted either by 

the owner or the designer – and usually required considerable effort. The 

method of monitoring ranged from taking manual readings periodically (in 

the case of the rock bins and the earth tube) through to undertaking intensive 

automated temperature/energy datalogging (for two of the Trombe walls and 

a solar air heater). Unfortunately, the performance data couldn’t be easily 

cross-compared to the computer simulations generated, due to the way the 

data were collected, but the self-collected data did show a high level of con-

tinued owner/designer engagement. In many instances, a key desire was to 

better the design for future projects.  

4.4. FINANCIAL IMPLICATIONS 

4.4.1. Micro-gen systems 

PV module prices, which make up the majority of the total install costs, have 

fallen 80% since 2008, including 20% in 2012 alone (Maycock, 2013).  This 

considerable price reduction has fundamentally transformed the micro-

renewable energy market, making other forms of renewables far less appeal-

ing. The low price-point of PVs per Watt generated, coupled with their na-

tional applicability and low maintenance requirements make them the pre-

ferred micro-gen choice currently. In addition, PVs have perceived benefits 

in terms of simplicity and reliability when compared to wind turbines as re-

sponses to interviews in this study have shown. As a result, the financial in-
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vestigation for micro-gens focus on PVs only – specifically a typical NZ set-

up:  a grid-tied, 2 to 4 kilowatt peak (kWp), roof-mounted, crystalline sys-

tem.  

Any financial assessment of PVs is problematic. Difficulties stem from 

issues such as:  the unpredictable nature of panel costs; the uncertainty of the 

electricity export/import rates; and estimating the utilisation rate. The utilisa-

tion rate describes how well electricity generated from a PV array matches 

electricity simultaneously demanded by the house. For an all-electric house, 

electricity exported is not simply the electricity generated by the PV array 

minus the electricity demanded over a day. In typical PV-equipped homes 

there is a very poor match between electricity generation and immediate de-

mand (see Figure 1).  

 

Figure 1: Grid-tied homes’ electricity flows and use 

Two utilisation rates were applied to the financial scenarios for this 

study: 25%, reflecting the likely home-PV installation setup, and 50%, re-

flecting a ‘best case’ setup (Roberti et al, 2011).  

Commonly sized 2 kWp, 3 kWp and 4 kWp grid-tied PV systems were 

modelled for the three main NZ urban centres (shown in Table 3). Three sys-

tem sizes were examined in terms of initial whole-system setup costs, based 

on early 2013 install costs: $8,000 for the 2 kWp system, $11,000 for the 3 

kWp, and $14,000 for the 4 kWp system. The ‘Near Future’ and ‘Far Future’ 

systems were priced at $2,000 and $4,000 less for each system respectively. 

The results for the 3 kWp PV array only, which are similar to the 2 and 4 

kWp arrays, are provided in Table 3.  
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Table 3: Financial implications of a 3 kWp PV array in three NZ locations 

 

 

PAYBACK FOR PV SYSTEMS (in years) 

PRESENT  NEAR FUTURE  FAR FUTURE  

Utilisation Rate 25% 50% 25% 50% 25% 50% 

AUCKLAND 15.5 14.0 12.7 11.5 9.9 8.9 

WELLINGTON 16.8 15.2 13.7 12.4 10.7 9.7 

CHRISTCHURCH 17.3 15.6 14.1 12.8 11.0 10.0 

Benefit-cost ratio 0.8 0.9 1.0 1.1 1.3 1.4 

In each of the three modelled cases, the export/import price was 17 and 

25 NZ cents per kWh (c/kWh) respectively, reflecting best available market 

rates. A 5% discount rate over 20 years and expected rates of inflation were 

used, which is typically applied for these types of energy-saving technolo-

gies (Short et al, 1995). It should be noted that these are indicative financial 

metrics, as some cash flows are exempt while there are large uncertainties 

around some key figures. As can be seen using this simplistic assessment, a 

3 kWp grid-tied system is looking desirable in the Near Future scenario. 

4.4.2. Space conditioning technologies 

The installation and running costs for each of the space conditioning tech-

nologies were examined. In almost all cases, installation costs (i.e. those re-

lated to design, specification and construction) were difficult to obtain. The 

reasons for this were the lack of clarity around the marginal costs and the 

omission of personal labour/sweat-equity that was obviously involved for 

many of the installations. As best as could be established, the marginal costs 

for all technologies were around $1,000 or less.  

For all the technologies examined the maintenance costs were classified 

as either ‘minimal’ or ‘none’ by their long-term owners. The Trombe walls 

had the fastest payback rate in each of the three climates examined, well sur-

passing solar air heaters and rock bins.  

5. Conclusion 

The objective of this study was to assist New Zealanders to choose more 

beneficial energy-saving systems and technologies, for household use. Of the 

space conditioning technologies and micro-gen systems assessed, two types 

of installations lead the pack when considered over all the key parameters:  

Trombe walls and grid-connected PV systems. These systems were assessed 

as having the best mix of the key parameters:  recommendable by their users; 

providing significant benefits both when modelled and measured; applicable 

to the bulk of New Zealand; and, financially viable to build and maintain. 
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Although the sample size was small, there are reasonable indications that 

these two are more practically viable than the others examined, which is 

supported anecdotally as well.   

As a result of this research a set of fact sheets have been produced, aimed 

at the more technologically-adept reader, whether homeowner, specifier or 

designer. They outline the necessary construction detail, operation and 

maintenance considerations in a very practical manner and are freely availa-

ble on BRANZ’s environmental building website:  www.level.org.nz  
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