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ENGLISH ABSTRACT 
The Canterbury earthquakes in 2010 and 2011 caused significant damage to the Christchurch building 

stock. However, it is an opportunity to build more comfortable and energy efficient buildings. Previous 

research suggests a tendency to both under heat and spot heat, meaning that New Zealand dwellings are 

partly heated and winter indoor temperatures do not always meet the recommendations of the World 

Health Organization. Those issues are likely to be explained by design deficiency, poor thermal envelope, 

and limitations of heating systems. 

In that context, the thesis investigates the feasibility of building an energy efficient and cost-competitive 

house in Christchurch. Although capital costs for an energy efficient house are inevitably higher, they are 

balanced with lower operating costs and improved thermal comfort. The work is supported by a 

residential building project using Cross Laminated Timber (CLT) panels. This atypical project is compared 

with a typical New Zealand house (reference building), regarding both energy efficiency and costs.  

The current design of the CLT building is discussed according to passive design strategies, and a range of 

improvements for the building design is proposed. This final design proposal is determined by prioritizing 

investments in design options having the greatest effect on the building overall energy consumption. 

Building design features include windows efficiencies, insulation levels, optimized thermal mass, lighting 

fixture, as well as HVAC and domestic hot water systems options. The improved case for the CLT building 

is simulated having a total energy consumption of 4,860kWh/year, which corresponds to a remarkable 

60% energy savings over the baseline. 

The construction cost per floor area is slightly higher for the CLT building, about 2,900$/m² against 

2,500$/m² for the timber framed house. But a life cycle cost analysis shows that decreased operating costs 

makes the CLT house cost-competitive over its lifetime. The thesis suggests that the life cycle cost of the 

CLT house is 14% less than that of the reference building, while the improved CLT design reaches about 

22% costs savings. 
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SVENSK SAMMANFATTNING 
Canterbury jordskalv under 2010 och 2011 orsakade betydande skador på Christchurch 

byggnadsbeståndet. Det är dock en möjlighet att bygga mer bekväma och energieffektiva byggnader. 

Tidigare forskning tyder på en tendens att både under värme och plats värme, vilket innebär att Nya 

Zeeland bostäder är delvis uppvärmda och vinter inomhustemperaturer inte alltid uppfyller 

rekommendationerna från Världshälsoorganisationen. Dessa frågor kommer sannolikt förklaras av 

konstruktion brist, dålig värme kuvert, och begränsningar av värmesystem. 

I detta sammanhang undersöker avhandlingen möjligheterna att bygga en energieffektiv och 

kostnadseffektiv hus i Christchurch. Även kapitalkostnaderna för ett energieffektivt hus är oundvikligen 

högre, de är balanserade med lägre driftskostnader och förbättrad termisk komfort. Arbetet stöds av ett 

bostadshus projekt med Cross Laminated Timber (CLT) paneler. Denna atypiska projekt jämförs med en 

typisk Nya Zeeland hus (referensbyggnad), både vad gäller energieffektivitet och kostnader. 

Den nuvarande utformningen av CLT byggnaden diskuteras enligt passiva designstrategier, och en rad 

förbättringar för byggande föreslås. Denna slutliga designförslag bestäms genom att prioritera 

investeringar i designalternativ som har störst effekt på byggnaden den totala energiförbrukningen. 

Byggnadsdesign funktioner inkluderar fönster effektivitet, isolationsnivåer, optimerad termisk massa, 

armatur, samt VVS och tappvarmvattensystem alternativ. Den förbättrade fallet för CLT byggnaden 

simuleras med en total energiförbrukning 4,860kWh/år, vilket motsvarar en anmärkningsvärd 60% 

energibesparing över baslinjen. 

Byggkostnaden per golvyta är något högre för CLT byggnaden, ca 2900$/m² mot 2500$/m² för timmer 

inramade hus. Men en livscykelkostnadsanalys visar att minskade driftskostnader gör CLT hus 

kostnadseffektiv under sin livstid. Avhandlingen visar att livscykelkostnaden för CLT huset är 14% lägre än 

för referensbyggnaden, medan den förbättrade CLT designen når ca 22% kostnadsbesparingar. 
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1 INTRODUCTION 

1.1 PROBLEM STATEMENT AND IMPLICATIONS 
In Christchurch the construction sector is currently being driven by the effects of the Canterbury 

earthquakes in 2010 and 2011. More than 8,000 dwellings have been deemed to be on land that should 

not be rebuilt on (Red Zone). There are other houses that will need to be replaced completely and many 

thousands more need repairing to various degrees. Demolition, repairs and new residential and 

commercial construction associated with earthquake damage will result in a period of heightened activity 

in this sector for a sustained period to replace the lost building stock. This context is an opportunity to 

promote sustainable building principles in the construction sector. 

For that matter, the current project consists in constructing a residential building using Cross-Laminated 

Timbers (CLT), a type of engineered wood product that gained popularity in Western Europe and Canada 

in the mid 90’s.  

The main drivers of this project are the following material advantages: 

 Environmental performance due to a very low embodied energy 

 Great seismic performance, required to handle frequent earthquakes in New Zealand 

 Energy efficiency due to low U-value of timber and airtightness properties 

 Reduction in construction time due to CLT elements prefabricated off-site 

1.2 OBJECTIVE AND SCOPE OF THE THESIS 
CLT constructions are still new in New Zealand, the thesis aims at exploring the benefits of this 

construction method for residential buildings through a whole building energy analysis approach. Cross 

laminated timber structures are often considered more cost effective for commercial building rather than 

residential constructions due to economy of scales.  

The first objective of the thesis is to propose a final CLT building design relying on passive house principles, 

with the assistance of an energy analysis software. 

Another goal is to demonstrate that CLT panels are a cost-effective alternative for the Christchurch 

rebuilding activity. Although capital costs for a CLT house are inevitably higher, those are balanced with 

lower operating costs due to improved energy efficiency and better thermal comfort. The thesis proposes 

a comparison of the overall project costs for a typical timber framed New Zealand house with those of a 

CLT dwelling project in the Canterbury region. 
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1.3 SPECIFIC RESEARCH QUESTIONS 
The thesis will help answering the following manageable research questions. 

 What is the main energy reduction strategy for the proposed house? 

 What are the best design strategies for windows orientation and dimensions? 

 Which type of shading are the most effective? 

 What insulation values are cost effectives? 

 What are the most cost effective design features for the building? 

 What are the benefits of using thermal mass for the proposed design? 

 Is the thermal comfort improved compared to a typical New Zealand dwelling? 

 Is the CLT building project comparable in costs with a conventional timber framed house? 

 What are the main benefits of using Cross Laminated Timber? 

1.4 OVERVIEW OF METHODS 
The first step, referred as Calibration, consists in simulating a typical timber framed New Zealand house 

(reference building) using DesignBuilder. The purpose is to check the accuracy of the energy software and 

validate the model inputs by comparing the results with actual utility costs provided by the home owner. 

Most of the model inputs are assumed to be identical for the proposed CLT house and the reference 

building models. Hence, after calibration, they are assumed accurate enough for simulating the CLT 

building. Some simulation results such as fuel breakdown are further validated with literature data, where 

surveys and research on New Zealand dwellings have been undertaken. 

Then a baseline for the CLT building design is simulated using the validated inputs along with some 

additional assumptions (such as the airtightness of the envelope). As with the Calibration simulation, the 

baseline case comprises the most common building features in New Zealand, including minimal insulation, 

low efficient windows, standard appliances etc. However, the main difference between the two models 

is the drastically improved airtightness of the CLT envelope, resulting in a lower specific energy 

consumption. Insulation levels between the reference building and the baseline of the CLT house are close, 

corresponding to the insulation requirements set by the New Zealand Building Code. 

The third step is a cost analysis of various building design features which are compared to the baseline 

case. This part explores design options such as external shading, thermal mass, windows efficiency, 

envelope insulation, HVAC and appliances efficiencies. The most cost-effective options are then gathered 

into an “improved design” scenario which is the final building design recommended by the thesis work. 

From this final design recommendation, a project feasibility assessment is carried out by comparing the 

life cycle cost for both the CLT dwelling and reference house. 
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2 LITERATURE REVIEW 

2.1 ENERGY CODES FOR RESIDENTIAL BUILDINGS IN NEW ZEALAND 

2.1.1 Standards and Codes 

Currently in New Zealand, all building projects must satisfy the minimum performance requirements set 

by the New Zealand Building Code (NZBC). It ensures that the minimum performance standards are met 

by any building. The building code covers several aspects such as structural characteristics, fire safety, 

access, moisture control, durability, service and facility and energy efficiency. While there are no 

mandatory requirements for the insulation of existing buildings, the Building Acts requires that an altered 

building must comply with the NZBC to “at least to the same extent as before the alteration”. For instance, 

larger windows must be balanced with additional insulation to balance the overall thermal performance. 

2.1.2 Code Compliance Paths 

The clause H1 of the New Zealand Building Code (NZBC) requires new housing to meet minimum 

performances regarding the thermal envelope of the building. Standards New Zealand published a 

Standard, NZS 4218:2004 [1], specifying thermal insulation requirements for housing and small buildings. 

It is used by building professionals such as architects, designers, and building consent authorities. There 

are three methods to comply with the building code requirements: 

 Schedule Method  

 Calculation Method  

 Modelling Method 
 
The following chart shows the decision process to choose the code compliance method. 

 

Figure 1. Decision process for choosing appropriate compliance method, source: NZS4218: 2004 [1] 
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Schedule Method 

The simplest method to comply with the building code is the schedule method. This 

method requires each building elements (roof, wall, windows, floors) to have a 

minimum R-value. The requirements vary according to the climate zones where the 

building is located (3 zones in New Zealand), and its construction type (non-solid 

construction such as framed construction, or solid construction including solid 

timber, concrete, masonry). The table below show the R-value requirements for a 

solid timber construction which is the case for the studied CLT residential project.  

Building Element Climate Zones 1 Climate Zone 2 Climate Zone 3 

Roof R 3.5 R 3.5 R 3.5 

Walls – external 90mm thick and solid 
timber internal walls 45mm thick 

R 1.0 R 1.2 R 1.4 

Floor R 1.3 R 1.3 R 1.3 

Heated Ceiling/Wall/Floor R 3.5/2.6/1.9 R 3.5/2.6/1.9 R 3.5/2.6/1.9 

Windows R 0.26 R 0.26 R 0.26 

Skylights R 0.26 R 0.31 R 0.31 
Table 1. R-value requirements for solid timber constructions in New Zealand [2] 

Calculation Method 

The calculation method is based on heat loss calculations through the building envelope. The overall heat 

loss must be lower compared to the calculated heat loss of a reference building, which has to be the same 

size, shape, using the R-value requirements of the schedule method. This method is used when the total 

area of glazing is greater than 30% and lower than 50%, or when some building element R-value does not 

meet the requirements of the schedule method. It allows the building to be assessed as a whole, for 

instance a poor insulated roof may be balanced with high performing windows, or an increased walls 

insulation. An excel sheet is available on the BRANZ1 website where designers can provide the appropriate 

climate zone, wall construction type(s) and R-values for the various building elements. The tool then 

applies the calculation method automatically, and pass/fail compliance is determined. 

Modelling Method 

Similar to the calculation method, the verification/modelling method allows to use more insulation in 

some areas to compensate for lower insulation of certain building components. This method consists in 

using an acceptable computer modelling method to calculate the energy use of the proposed building. 

Then this result is compared with the energy use of a reference building which must have the same size 

and shape as the proposed design. However, the thermal characteristic of the reference building must 

satisfy the R-value requirements of the schedule method. Both building designs must be analysed using 

the same energy analysis tool. This method is more general than the calculation option, since it takes 

some other factors into account such as solar gains. Then it is a preferred method to assist with passive 

design. 

                                                           
1 BRANZ is an independent research organization for the building and construction sector in New Zealand. 

Figure 2. Map of New Zealand climate zones [2] 
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2.1.3 Energy codes comparison among countries having similar climate 

This section offers a quick comparison of energy codes from other countries which have roughly the same 

heating needs as New Zealand dwellings. The selected countries are displayed in the following table. They 

have been chosen due to their similar heating degree days2 and their same climate classification (Warm 

temperate/fully humid/warm summer), according to the map of Köppen-Geiger. 

Country Heating Degree Days Cooling Degree Days 

New Zealand 1,609 165 

Italy 1,838 600 

France 2,478 24 
Table 2. Annual degree days reflecting energy needed to heat a dwelling to 18°C, Source: Chartsbin, 2011 [3] 

In addition, the monthly average outdoor temperatures of three cities are compared and shown in the 

graph below. Those specific cities have been selected as they belong to the coldest zones of their country. 

 

Figure 3. Monthly average outdoor temperatures of Christchurch, Paris, and Venice 

Christchurch’s climate is a more temperate but the average outdoor temperatures are about the same. 

To help the comparison, the temperature data for Christchurch have been swapped as if New Zealand 

was in the Northern hemisphere. 

  

                                                           
2 Degree days data represents the historical weather data, by providing a measure of how much and how long the 
outside temperature was below the balancing point temperature of a building. The larger the number of degree 
days, the cooler the climate. 
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The energy codes of those three countries are compared according to their technical requirements, as 

shown in the following table. 

Technical 
Requirements 

New Zealand, 
H1 Energy Efficiency 

3rd edition (2011) 

Italy, 
Decree for energy efficiency 

requirements in buildings (2015) 

France, 
2012 Thermal 

Regulation (RT2012) 

Insulation in Walls 
and Ceiling (K.m²/W) 

Floor R1.3, Wall R2.0,  
Roof R3.5, for the most 
stringent requirements 

Floor R3.6, Wall R3.3, 
Roof R4.2 for the most stringent 
requirements 

No requirements 

Windows  
U-Coefficient 
(W/K.m²) 

Windows U 3.85 Windows U 1.5, SHGC more than 0.35 
for South, West and East Windows 

No requirements 

Lighting Efficiency No requirements No requirements Total glazed area >= 1/6 
of the total floor area 

Space Conditioning No requirements Minimum efficiencies for 
heating/cooling systems are shown in 
table 8, appendix A of the decree. Ex: 
Solar heaters: Solid combustible 72%; 
Heat Pump COP 3.0 

Connection district 
heating or 50% 
renewable energy 
source or Boiler w/ 
COP>=90% 

Air tightness No requirements No Requirements 0.60 m3/h.m2 at 4 Pa 

Renewable Energy No requirements Solar thermal energy or other 
renewable for water heating 

At least 5 kWh/m²/year 
primary energy 

Water Heating 
System 

Electric storage water 
heaters must comply 
with NZ MEPS 

Minimum efficiencies are shown in 
table 8, appendix A of the decree. Ex: 
Solar heaters: 30%, Solid combustible 
70%; Heat Pump COP 2.5 

Solar hot water (2 m² of 
solar panels) or Electric 
hot water (COP=2) 

Energy Performance 
Requirements 

The building 
performance index 
(BPI) which must not 
exceed 1.55 
kWh/(m².°C.Month) 

An index of energy performance 
called EP has to be calculated and 
correspond to a certain energy 
performance class, but no 
requirements regarding the 
maximum building energy 
consumption 

Maximum National 
average primary energy 
consumption of 50 
kWhep/m²/yr (for all 
fossil fuels 1 kWh= 1 
kWhep; for electricity 1 
kWh= 2.58 kWhep) 

End-uses considered 
for energy 
performance 
requirements 

Not considered Space cooling, Space heating, Water 
heating, Lighting interior, Ventilation 

Space cooling, Space 
heating, Water heating, 
Lighting interior, 
Ventilation 

Table 3. Technical requirements summary of the New Zealand, Italian and French energy codes 
Source: BPIE 2014 [4], IEA 2015 [5] 

The main difference in the three energy codes is that the NZBC only inspects the thermal envelope of the 

building by setting requirements for insulation levels, or calculating the heat losses for a specific building 

design. While the Italian and French energy codes include some more detailed technical requirements 

such as HVAC efficiencies and airtightness limits. Although airtightness is known to be a crucial factor in 

energy efficiency there is no targets set by the NZBC, while most of the European countries take that 

factor into account in their energy codes [6]. The French energy code is the most stringent one with its 

very demanding performance expectation of 40-65 kWh/m²/year (depending on the climate zone). It is 

also worth noticing that R-value requirements are more rigorous in the Italian decree than in the NZBC. 

http://www.dbh.govt.nz/UserFiles/File/Publications/Building/Compliance-documents/H1-energy-efficiency-3rd-edition-amendment-2.pdf
http://www.dbh.govt.nz/UserFiles/File/Publications/Building/Compliance-documents/H1-energy-efficiency-3rd-edition-amendment-2.pdf
http://www.sviluppoeconomico.gov.it/index.php/it/normativa/decreti-interministeriali/2032966-decreto-interministeriale-26-giugno-2015-applicazione-delle-metodologie-di-calcolo-delle-prestazioni-energetiche-e-definizione-delle-prescrizioni-e-dei-requisiti-minimi-degli-edifici
http://www.sviluppoeconomico.gov.it/index.php/it/normativa/decreti-interministeriali/2032966-decreto-interministeriale-26-giugno-2015-applicazione-delle-metodologie-di-calcolo-delle-prestazioni-energetiche-e-definizione-delle-prescrizioni-e-dei-requisiti-minimi-degli-edifici
http://www.legifrance.gouv.fr/affichTexte.do?cidTexte=JORFTEXT000022959397&dateTexte=&categorieLien=id
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2.2 CONSTRUCTION TYPES AND HEATING PRACTICES IN NEW ZEALAND HOUSEHOLDS 

2.2.1 Common Construction Types and Insulation in New Zealand Houses 

The amount of official data regarding the characteristics of New Zealand dwellings is very limited and no 

statistics are provided about the materials used. However, BRANZ started to a survey in 1998 aiming at 

gathering data about typical materials used in new dwellings. BRANZ researchers analysed approximately 

1200 new households per year. The results showed the market share of generic materials used for main 

building elements [7]. In addition, BRANZ published a practical guide “House Insulation Guide 3rd edition, 

2007” [8],  which provides R-values requirements for the most typical construction techniques used for 

Roofs, Walls, Floors and Windows. Those traditional construction systems are described below, and their 

required insulation are specified. 

2.2.1.1 Roofs 

Roof systems usually consist in overlapping cladding components to avoid water infiltration. Concrete or 

clay tiles are typically used for roof cladding. Sheet metals like iron is the dominant roof cladding as shown 

in Figure 6. Metal roofs requires more insulation but can be installed very quickly due to their lightweight. 

Skillion roof – R 3.3 

 Concrete tiles 

 190mm rafters and battens 

 Rafter spacing 900m 

 Insulation with R-value = 3.1 

 

Pitched timber-framed roof – R 3.3 

 Corrugated iron cladding 

 90mm bottom chord 

 Chord spacing 900mm 

 Insulation with R-value = 3.5 

 

Figure 6. Roof claddings market share, BRANZ 2013 [7] 

Figure 4. Skillion roof, BRANZ 2007 [8] 

Figure 5. Pitched timber-framed roof, 
BRANZ 2007 [8] 
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2.2.1.2 Walls 

Similar to roofs, walls need claddings as a protection against the weather. The most common external 

walls are timber framed with either weatherboard or finish bricks as cladding. Finish bricks are the 

dominant wall cladding as showed in Figure 9. Other options for wall cladding include the use of 

weatherboard (usually made of timber), fibre-cement sheet, insulation and finish systems (EIFS). 

Timber-framed wall with weatherboard cladding – R 2.0 

 90mm framing 

 Stud spacing 400mm 

 Dwang spacing 800mm 

 Insulation with R-value = 2.2 

Timber-framed wall with brick veneer cladding – R 2.0 

 90mm framing 

 Stud spacing 400mm 

 Dwang spacing 800m 

 Insulation with R-value = 2.5 

Timber wall framing is the dominant structural material for 

housing, with a market share peaking at 95% in 2013 (Figure 10). 

   

Figure 7. Timber-framed wall with 
weatherboard cladding, BRANZ 2007 [8] 

Figure 8. Timber-framed wall  
with finish brick cladding,  

BRANZ 2007 [15] 

Figure 9. Wall claddings market share, BRANZ 2013 [7] 

Figure 10. Wall framing market share, BRANZ 2013 [7] 
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Fiberglass is the main wall insulation, keeping a market share over 95% during the last decade.  The other 

category includes mainly natural wool and polystyrene. Ceiling insulation trend is very similar to wall 

insulation as builders tend to use the same brand for both wall and ceiling insulation. 

 

Figure 11. Wall insulation market share, BRANZ 2013 [7] 

2.2.1.3 Floors 

Floors are mainly made of concrete or timber in New Zealand households. Timber flooring comprises 

timber joists supported by timber piles, and covered with floorboards as shown in the picture below. It is 

lightweight and very convenient for sloping sites where concrete slab on 

ground would require excavation. 

Suspended timber floor – R 1.3 

 Both foil and lining under joists 

 Exposed floors such as pole houses needs additional insulation 

 

Concrete slab on ground is the most common technique used for new 

residential construction in New Zealand owning around 80% of the market share 

in 2013 (Figure 14). The main advantage of the concrete slab construction lies in 

its high thermal mass which is able to absorb solar gains and release it slowly later 

during the night, therefore reducing heating and cooling peak loads. Concrete 

slabs are also useful for underfloor heating or cooling, where pipes can be 

embedded. For both concrete and timber floor, insulation is required on the 

underside to avoid heat losses to the ground. 

 Concrete slab on ground – R 1.3 

 Area/perimeter ratio = 1.9 

 90mm timber-framed wall 

 1.2m x 50mm perimeter expanded polystyrene insulation 

 Heated slab requires additional insulation 

Figure 12. Suspended timber floor, BRANZ 2007 [8] 

Figure 13.  Concrete slab on ground, BRANZ 2007 [8] 
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Floor insulation type is different for concrete 

slab and timber floor. Concrete slab floors are 

insulated mostly by waffle pod and sheet 

polystyrene (Figure 15), while timber floors are 

insulated using either foil, a mix 

fiberglass/polyester or polystyrene (Figure 16).  

 

 

 

2.2.1.4 Windows 

Aluminium is the predominant framing material (including both standard and thermally broken3 type) in 

New Zealand new dwellings. Other types of framing material are timber or PVC but they are extremely 

uncommon in New Zealand [7]. The BRANZ study also shows that about 98% of new dwellings windows 

had double glazed, and 8.4% had low-e panes and/or argon gas fill in 2013 [7]. Triple glazing options are 

not considered since they are not used in New Zealand. 

Table 4 shows R-value for different type of windows. 

Framing Material Single glazing Double glazing 
Double glazing 

with low-e glass 
Double glazing with  

low-e glass and argon gas 

Aluminium frame R 0.15 R 0.25 R 0.31 R 0.32 

Thermally broken 
aluminium frames 

R 0.17 R 0.31 R 0.39 R 0.41 

Timber / PVC R 0.19 R 0.39 R 0.47 R 0.50 
Table 4. R-values for different windows type [9] 

  

                                                           
3 A thermal break is created when a thermal bridge is broken into separate pieces that are isolated by a more 
insulated material. For more information on thermal bridges, refer to section 2.4.2.10. 

Figure 14. Floor types market share, BRANZ 2013 [7] 

Figure 15. Concrete slab insulation market share, BRANZ 2013 Figure 16. Timber floor insulation market share, BRANZ 2013 
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2.2.2 Airtightness in New Zealand dwellings 

Airtightness is a major feature of an energy efficient building as it impacts the air infiltration or “air leakage” 

rate through the building envelope. Infiltration refers to the unintentional passage of air though cracks, 

holes in the envelope, and it depends on the porosity of the fabric.  

The airtightness of a building is measured using a blower door test, where a fan is mounted on an external 

door and used to pressurize the building at 50Pa. Then the consequential airflow through the building 

envelope is measured and the final result is given in Air Change per Hour (ACH) at 50Pa, which indicates 

how many times the total volume of the house passes through the fan in one hour. The measured 

airtightness can be converted into a “natural” air leakage rate, which is a measure of the actual air leakage 

during actual building operation. The latter definition takes into account the effect wind pressure and 

temperature differences between the indoors and outdoors. For instance, a measured airtightness of 

10ACH at 50Pa correspond approximately to a natural air leakage rate (or average infiltration rate) of 0.5 

ACH during the whole year [10]. 

The following table provides the classification of New Zealand residential building airtightness according 

to BRANZ [11]. table shows that the airtightness classification in Europe and North America is much more 

stringent than in New Zealand. It can be noticed that certified Passive Houses must achieve a measured 

airtightness of no more than 0.6 ACH at 50Pa. 

 

Classification 
Measured airtightness 

ACH at 50Pa 
Building Description 

Airtight 5 
Post 1960, simple small rectangular design, 
airtight joinery, all windows with gaskets 

Average 10 Post 1960, larger than 120m² 

Leaky 15 
Post 1960, complex shape, some feature strip 
lining material, generally larger than 200m2 

Draughty 20 
Pre-1960, strip lining, strip flooring, often 
high stud 

Table 5. Classification of New Zealand residential building airtightness, Source BRANZ [11] 

 

Classification 
Measured airtightness 

ACH at 50Pa 
Building Description 

Very Airtight 0.6 
Passivhaus standard 
European regulation for new buildings 

Airtight 1.5 
Buildings with mechanical ventilation heat 
recovery, European regulation 

Average 3 
Buildings without mechanical ventilation 
heat recovery, European regulation 

Draughty 5  
Table 6. Classification of European and North American residential building airtightness [12] 
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BRANZ researchers have been measuring the airtightness of New Zealand houses since 1950’s. The 

airtightness trends are shown in Figure 17, and suggest an airtightness of about 5ACH at 50Pa for a modern 

New Zealand house.  

 

Figure 17. Average airtightness trends at 50Pa for New Zealand dwellings, Source BRANZ [10] 

2.2.3 Energy Use in New Zealand Households  

There has been a lot of research regarding the particularly low indoor temperatures in New Zealand 

households in winter (Isaacs et al 2006, Howden-Chapman et al 2005; Isaacs and Donn 1993). The research 

suggests a tendency to both under heat and spot heat in New Zealand dwellings, and that those practice 

are caused by design deficiency (not benefiting from solar gains for instance), poor thermal envelope, and 

limitations of heating systems. 

Energy use in New Zealand homes have been analysed by BRANZ researchers though a project called 

“Household Energy End-use Project” (HEEP [13]). This project monitored a total of 400 random houses in 

both urban and rural areas across New Zealand, where data about behaviours of energy users was 

collected between 2001 and 2005.  

The study found that the average total energy use was 11,410kWh/year, with an average floor area of 

121m² for the 400 analysed dwellings. Then the average specific energy consumption of a typical New 

Zealand house can be calculated to be roughly about 94kWh/m².year.  

Among all the houses analysed 84 dwellings from the coldest part of the country were grouped into a 

“cool cluster”. It was found that the average energy uses of this group was 13,780kWh/year, with 

5,860kWh accounting for space heating and 3,050kWh for water heating, the 4,870kWh remaining being 

the electricity used for appliances and lighting. For most of the houses, space heating was achieved using 

solid fuels accounting for a total of 5,860kWh/year, but delivering an actual heat energy of about 

4,680kWh. Those values are used in the Calibration section, where the simulated energy use of a reference 
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building located in Christchurch, is to be compared with actual energy use and literature data. Most of 

the space heating power was from solid fuels, while the domestic hot water was produced by electric 

storage heaters. 

New Zealand households do not use that much energy compared to other developed countries. In fact, 

after climate correction, it was found that New Zealand had the lowest residential sector energy use per 

capita in 1995, compared to countries like Australia, Canada, France, Germany, Japan, Sweden, USA and 

UK [14]. This research highlighted a particularly low space heating energy in New Zealand households. 

2.2.3.1 Under-heating issues during winter time 

The research paper “Energy in New Zealand Houses: Comfort, physics and consumption” (BRANZ) uses 

the HEEP data to investigate the under-heating and “spot heating” issues in NZ households, leading to 

poor thermal comfort. It revealed fairly low indoor temperatures in winter compared to other countries 

with similar climate. The average winter evening living room temperature is 17.9°C with the mean range 

going from 10°C to 23.8°C [15].  

Room 
Morning 
7 to 9 am 

Day 
9 am to 5 pm 

Evening 
5 to 11 pm 

Night 
11 pm to 7 am 

Living Room 13.5°C 15.8°C 17.9°C 14.8°C 

Bedroom 12.6°C 14.2°C 15.0°C 13.6°C 

Ambient 7.8°C 12.0°C 9.4°C 7.6°C 
Table 7. Mean indoor and ambient winter temperatures for the living room and bedrooms in NZ households, Source HEEP [14] 

According to the monitored data, indoor temperatures does not meet the healthy temperature range of 

18°C-24°C of the World Health Organization (WHO), except for the living room during the evening period. 

Those results clearly show that the living room is typically heated in the evening, while bedrooms are 

heated only a little or not at all. 

The HEEP study also analysed summer conditions from December to February. The sample consisted 

mostly of natural ventilated houses, with living room temperatures over 25°C only during a quarter of the 

summer daytime (about 2 hours per day between 9am and 5pm). Most living rooms are between 20°C 

and 25°C during summertime, suggesting that additional cooling energy is not necessary for most New 

Zealand dwellings. 

2.2.3.2 Insulation 

Mandatory requirements for thermal insulation in new houses came in April 1st, 1978. Although post-1978 

houses are on average 1°C warmer than pre-1978 houses in living rooms during a winter evening (18.6°C 

against 17.6°C), the HEEP study found that they still do not reach desirable indoor temperatures [7]. The 

limited improvement in indoor thermal comfort is likely to be explained by an increase of the floor area 

for post-1978 houses as shown in Table 8. 

 Specific Heat Loss (W/°C/m²) Average Floor area Total Heat Loss (W/°C) 

Pre-1978 5.2 119 586 

Post-1978 3.8 132 482 
Table 8. Heat losses for pre and post-1978 houses, Source HEEP [15] 

The House Condition Survey undertaken by the BRANZ organisation found that about 70% of New Zealand 

dwellings had full ceiling insulation, with 30% of all houses having less than 50mm of insulation. 45% of 
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the houses surveyed had some wall insulation, and 30% only had floor insulation. Double glazing was not 

frequently used as only 13% of houses where equipped with at least one double glazed window in 2005. 

Furthermore, a study from Nigel Isaacs demonstrated that houses insulated to the code requirements 

often did not reach the energy performance expected by such insulation levels. This study suggests some 

poor installation practices, where small gaps in the insulation affect the overall energy performance. 

2.2.3.3 Emergence of Heat pumps 

During the HEEP survey in 2001-2005, 40% of houses had a wood burner, 20% had open fires and 17% 

had LPG heaters. This is very different today since heat pumps experienced a great penetration in the New 

Zealand market over the last 15 years (BRANZ [16]). The study undertaken in 2015, analysed a random 

sample of 160 New Zealand houses using heat pumps to research the impact of heat pumps on households’ 

heating practices. 

Among the heat pump sampled in the BRANZ study, 82% of them were high-wall systems, 14% low wall 

systems and 3% were ducted systems (central heating). Locations of heat pumps have also been reported: 

44% of them are positioned in the lounge, 19% in multi-function areas mixing the following spaces 

living/dining/kitchen rooms, 8.5% solely in dining area, and the others in kitchen/dining areas/bedrooms. 

The study showed that 51% of heat pumps had a heating capacity between 5kW and 8kW [16]. 

Heat pump are very cost effective and can be installed without a building consent, compared to other 

commonly used heating systems, which explains why they are the third most common heating system 

after wood burner and portable convection electric heaters according to BRANZ [16]. 

 Heat Pump Pellet burner Wood burner 
Flued gas 

heater 
Electric plug-heater 

Purchase and 
installation cost 

$2,500-4,500 $4,000-5,000 $3,000-5,000 $2,500-7,000 $50-200 

Typical output 
(test conditions) 

2 – 10 kW 2 – 11 kW Up to 27 kW Up to 8 kW 1 – 2.4k W 

Payback – living 
room heating only 

6-9 years 10-16 years 6 – 10 years 13 – 37 years 
N/A – electric heater Is 
the payback baseline 

Payback – heating 
80% of the house 

5-8 years 5 – 8 years 3 – 5 years 9 – 28 years 
N/A – electric heater Is 
the payback baseline 

Expected lifetime 
 

12 – 15 years 15-20 years 20-30 years 20 years 2 – 10 years 

Building Consent 
Requirements 

No Yes Yes Yes No 

Table 9. Comparison of different heating appliances, Source BRANZ 2015 [16] 
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Figure 18 shows that wood burners and heat pumps are the two most cost-effective heating system. Costs 

showed in the following figure are indicative. 

 

Figure 18. New Zealand fuel price comparison, Source BRANZ 2015 [16] 

While heat pumps are expected to improve the indoor thermal comfort by providing an adjustable set 

point temperature compared to the standard wood burners used in New Zealand households, the 

tendency for low indoor temperatures is persistent. Average indoor air temperature of a space heated by 

a primary heat pump is 17.3°C (Table 10), which is still below the recommendations of 18°C set by the 

World Health Organization.  In addition, only 55% of sampled households had a daily mean indoor 

temperature greater than 17°C. Table 10 shows the persistent tendency of NZ households to heat during 

the evening only. On average, the heated space in the houses were about 2.2°C lower than the set point 

temperature, due to a lack of envelope insulation4. 

Time period Morning Day Evening Night 24hr 

Space temperature where 
the HP is located (°C) 

15.2 17.20 19.2 16.2 17.3 

Table 10. Space temperature where the heap pump is located, Source BRANZ 2015 [16] 

Overall, heat pumps use electricity more efficiently than other common electric heaters. However, the 

study shows that using heat pumps increases the average electricity use for heating by 36% compared to 

the traditional fuel burners used in New Zealand [16]. Electricity consumption from heat pumps also varies 

according to the house location5, going from 700kWh annually on average in Northland to 2,230kWh 

annually in Southland. 

  

                                                           
4 The study showed that even though most of the sampled houses had insulation in the ceiling (85%), only 26% had 
floor insulation and 56% had wall insulation. In addition, most houses had only single glazing (75%) leading to 
significant heat losses through the building envelope. 
5 The CLT project treated in this report is located in the Canterbury region, corresponding to an average annual heat 
pump electricity of about 1,350kWh. 
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2.3 REVIEW OF CROSS LAMINATED TIMBER (CLT) TECHNOLOGY IN NEW ZEALAND 
Cross-laminated timber (CLT) is an engineered wood product, made of several layers of lumber board, 

stacked and glued perpendicular to each other. It was developed in Austria in the early 90’s and gained 

popularity in Europe in the mid 90’s. However, it is still relatively new in New Zealand, where research on 

CLT only started in the last decade. CLT structures has some potential in New Zealand mainly because the 

country is an earthquake zone, and CLT offers some very good seismic performance. XLam is the only New 

Zealand manufacturer of CLT and started its production in 2012, by providing structural timber panels for 

roofs, walls and floors, and the first application of the technology with CLT was the new Kaikoura District 

Council Building completed in 2012. 

A recent report from BRANZ discussed the applications of CLT for New Zealand Buildings, and its main 

challenges [17]. CLT is used in prefabrication which helps saving construction time and costs. Contractors 

use cranes to lift panels into place, using a “just-in-time” construction method. XLam floor panels are 

craned at a rate of approximately 100m² per hour [18]. The study found that CLT is most cost competitive 

for non-residential buildings as scale economies can be achieved. Several CLT applications in New Zealand 

show a combination with other materials such as wood, concrete and steel [17]. For instance, a warehouse 

in Nelson (NZ) was made of CLT for shear walls, Laminated Veneer Lumber (Glulam) for columns, and 

concrete for the floor.  

The main challenges of CLT is to ensure an acceptable fire performance for compliance with the NZBC, but 

according to the panel manufacturer successful full scale test have been performed on XLam CLT panels 

[19]. Also, the connection types (Joints and edge gluing) between the individual CLT panels needs to be 

investigated further, as they greatly impact both seismic and thermal performance of the envelope 

(airtightness). CLT is best used as an alternative to “heavy” construction materials such as concrete and 

steel, where it offers advantages such as low embodied energy and thermal performance, while it may 

not be cost-effective as a replacement for light-frame constructions in residential projects [20]. 

According to the New Zealand manufacturer, the main advantages of XLam CLT panel are the following: 

 Accuracy during prefabrication: no “rework” – predictable costs 

 Smaller site construction team 

 Fast construction work and earlier occupancy by user 

 No waste disposal on site 

 Energy Efficiency: Good airtightness and thermal resistance (thermal 

conductivity is 0.120W/m.K at 12% moisture content) and greater 

thermal mass than timber framed – ability to retain heat 

 Sustainable: Locally grown wood resource, Pinus Radiata harvested 

within 50km of the factory, low embodied energy 

 Good seismic performance, high strength to weight ratio 

 Fire testing certification6 

 

                                                           
6 The Fire Code of NZ requires a minimum time for occupants to safely leave a burning building before structural 
collapse or succumbing to heat or smoke inhalation. Full scale fire tests have been carried out on XLam CLT panels 
and independent test laboratory certifications can be made available to support building consent applications 
according to the panel manufacturer [19]. 

Figure 19. XLam CLT Panel,  
Source XLam website [18] 
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Thermal resistance of XLam CLT panels can be calculated by dividing the thickness by the conductivity 

value. For instance, a 60mm CLT panel has a thermal resistance R of 0.5 m²-K/W, a 105mm panel: 0.875 

m²-K/W, and1.46 m²-K/W for a 175mm CLT panel. 

However, XLam does not provide any detail regarding the airtightness of a CLT structure. The air leakage 

rate is a factor influencing significantly the thermal performance of a building envelope and therefore 

should be designed carefully. A study carried out in Norway aimed at evaluating the air tightness of a CLT 

house7 using an approved test (NS-EN 12114) [21]. It was found that with good sealant application, low 

air leakage rates could be achieved with an air change per hour8 at 50Pa (ACH) of about 1.8ACH at 14% 

moisture content and 2.8ACH at 10% moisture content. This suggests that the CLT panels manufactured 

by XLam could achieve an airtightness between 1.8ACH and 2.8ACH as they have a 12% moisture content. 

Both embodied energy and thermal performance of the material must be balanced in order to lower the 

environmental impact of a building project. Embodied energy refers to the energy used for the extraction, 

processing, transportation and manufacturing of a construction material. Embodied energy for New 

Zealand building materials have been assessed and timber products are categorized as having low 

embodied CO2 compared to other construction material like steel and concrete [22], which makes CLT a 

sustainable construction material. 

  

                                                           
7 External walls are 10m by 8m, two floors with floor height set to 2.4m, giving a total building volume of 384m² 
8 Air Change per House refers to the total house volume per hour during a pressure test at 50 Pascal 
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2.4 REVIEW OF PASSIVE HOUSES AND PASSIVE DESIGN STRATEGIES  
In order to achieve a high level of energy efficiency, the CLT building project is proposed to be designed 

using the Passive House requirements as energy efficiency targets. The second part of this section aims at 

reviewing some passive design strategies that can be applied in accordance with the New Zealand’s 

temperate climate. 

The first certified passive house home in New Zealand was built in Auckland in 2012. Passive Houses can 

be built in all climate zones, even in extremely cold conditions found in northern Sweden according to a 

recent study [23]. Performance targets set by the Passive House standards are then much easier to reach 

in New Zealand. 

2.4.1 Passive House Concept 

Passive House is the most stringent standard in energy efficient construction. It requires very little 

operating energy to achieve a desirable indoor temperature through the year. To be considered a certified 

Passive House, a building must meet the following requirements: 

Space Heating Energy Demand ≤ 15kWh/m²/year or ≤ 10W/m² for peak demand 

Primary Energy Demand ≤ 120 kWh/m²/year (includes heating, hot water and domestic electricity) 

Airtightness ≤ 0.6 ACH at 50 Pa (onsite pressure test9) 

Thermal Comfort Hours in a year over 25°C must be ≤ 10% 
Table 11. Passive House Requirements, Source: PHI [24] 

The Passive House standards relies strongly on five fundamental aspects: 

 Thermal Insulation: For cool-temperate climates, U-value for exterior walls must be ≤ 

0.15W/(m². °C), and heat loss through external walls ≤ 0.15W/K per square meter of exterior 

surface. 

 High Efficiency Windows: Low-e glazing filled with argon to limit heat transfer. For cool-temperate 

climates, it means a U-value ≤ 0.80 W/(m².K) and SHGC around 50%. 

 Ventilation heat recovery: Necessary to keep a good indoor air quality, heat recovery efficiency 

must be ≥ 75%. 

 Moisture control & airtightness: Indoor air quality must be controlled and airtightness of the 

envelope should result in no higher than 0.6 ACH at 50Pa. 

 Absence of thermal bridges: All edges, corners, connections and penetrations must be planned 

and executed with great care to avoid or minimize thermal brides. 

2.4.2 Passive Design Strategies 

To achieve the rigorous requirements of the passive house concept, the building must be design to 

minimize the needs for mechanical space conditioning.  In New Zealand, the most important feature of a 

passive house should be to provide heating energy during the cooler months. This can be achieved by 

using a set of passive design strategies. Passive measures cover several aspects such as solar access, 

insulation, orientation, massing, heat recovery, natural ventilation, removal of thermal bridges, and 

daylighting. Those features must be considered altogether as their combination is necessary to achieve a 

                                                           
9 Airtightness is assessed using a blower door test, where air is either pumped into or sucked out of a building to see 

how much air is leaked 
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passive design. This section aims at reviewing the main passive design strategies that are suitable to be 

implemented in New Zealand. 

2.4.2.1 Building shape 

The amount of heat loss from any building envelope is directly proportional to the its surface area, 

therefore this surface should be minimized. A “shape factor” is used among passive house designer. This 

refers to the ratio of the building’s surface area by its volume, the lower the shape factor is, the more 

energy efficient is the design (approaching a cube). The recommended shape factor for a passive house is 

≤ 0.8 m²/m3 [25]. 

2.4.2.2 Site planning and orientation 

Selecting a site is an important step as the availability of sunlight is essential for the passive solar design. 

Other site features should be taken into account, such the site shape, orientation, topography, 

surrounding trees, buildings and activities. For instance, a south facing slope or a site near tall buildings 

should be avoided.  

The long axis of the building should always be oriented east-west with most of the windows on the north 

face (or within 20 degrees of north). This design maximizes the winter solar gains while overheating can 

be easily avoided in summer using external shading. Obstacles on the north face should be avoided or 

being away from the house by twice their height in order to benefit fully from solar heat gains in winter 

[25] (does not apply to deciduous trees which can act as shading solely during summertime, refer to 

section 2.4.2.5). In areas where passive cooling is the main focus, prevailing winds may determine the 

orientation of the building. 

2.4.2.3 Rooms orientation 

The main living areas should be located on the north side of the house to benefits from solar gains during 

most of the time. Spaces like kitchen usually needs heating early in the morning and therefore should be 

oriented to the east, whereas spaces occupied in the evening would be better positioned on the west side. 

Rarely used spaces such as laundry, restrooms, garages are best located south as they require less heating 

energy and prevent heat losses from living areas. Ideal orientation of rooms is illustrated in Figure 20.  

 

Figure 20. Ideal orientation of rooms for solar heating, Source: EECA [25] 
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2.4.2.4 Passive solar 

Solar heat gains are fundamental to passively heat up the building and is the main step to achieve passive 

design. Combined with the right amount of insulation, thermal mass, windows, and good design thinking, 

passive solar can greatly reduce or completely eliminate the needs of heating energy. However, the HEEP 

study found that basic passive design strategies are not prominent in New Zealand dwellings although it 

costs little to incorporate a passive design approach. For instance, choosing a light coloured roof may 

prevent overheating issues during the summer while having dark-matt coloured exterior wall helps 

absorbing heat gain from the low winter sun. Passive solar gains also improve the performance of 

mechanical heating systems such a heat pumps by reducing the difference between the outdoor and 

indoor temperatures. 

2.4.2.5 High efficiency windows and shadings 

Windows location: North windows should be large enough to capture heat gains since they face most of 

the sun’s path. However, they should be balanced with the exposed thermal mass (more details in section 

2.4.2.6). South windows should be very limited to avoid heat losses and may be used only for daylighting 

purposes. West-facing windows can lead to overheating issues from the afternoon sun and might need 

external shading during summer time while east-facing windows can be useful for warming spaces early 

in the day.  

Shading devices: To avoid overheating it may be necessary to shade the north facing windows with deep 

overhangs, allowing the low winter sun to strike a thermal mass like a concrete floor, while blocking the 

high summer sun. BRANZ provide formulas to calculate the appropriate shading depth according to the 

building location [26]. Using deciduous plants at the north face of the building can be an alternative 

solution to block solar heat gains during summer while exposing the building in winter. Low sun from west 

and east might results in overheating or glare and adjustable screens/shutters are a good type of shading 

for those windows. 

Thermal efficiencies: As the thermally weakest part of a building envelope, 

windows are a critical component. Double glazing reduces heat loss through 

windows by around 50% in winter, and reduce the heat gain by 10% in 

summer [25]. High transmission low-e windows are good for passive solar 

heating applications, where a low U-factor is combined with a high SHGC10. 

The framing material should be timber, PVC or thermally broken aluminium 

to limit heat transfers through the windows. R-value for windows of different 

types can be found in section 2.2.1.4. In addition, thick curtains fitted with a 

pelmet to seal the top can be used to reduce heat losses through windows 

during the night [25] as shown in Figure 21. However, those internal shadings 

are less effective at preventing solar heat gains than external shadings as 

the solar radiation still passes through the glass. 

2.4.2.6 Thermal Mass 

Thermal mass relates to the heat storage capacity of a material and is a key factor in dynamic heat transfer 

interactions in a building. Using it properly, it allows to smother internal temperatures fluctuations, 

leading to a better thermal comfort and reducing energy consumption. During the summer, thermal mass 

                                                           
10 Solar Heat Gain Coefficient refers to the percentage of solar gains passing through the glazing 

Figure 21. Closed cornice for insulating windows, 
Source Autodesk [27] 
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can be used to absorb heat during the day (avoiding overheating issues) and release it a night, while in 

winter, it stores heat solar gains and radiates them later on. 

Balancing the area of north windows with the amount of exposed thermal mass is essential. As a rule of 

thumb, the exposed area of thermal mass should be about six times the area of glass that receives direct 

sunlight [27]. Too much thermal mass requires a long time to heat, while those that are too thin are not 

effective at storing enough heat and overheating may occur. Locating thermal mass in interior partitions 

is more effective than external walls. Assuming they both have equal solar access, the internal wall heat 

transfers heat out of both surfaces whereas the external wall often loses half to the outside if not well 

insulated.  

The simplest method to use thermal mass is a concrete slab floors, which should be about 100mm thick 

for the best performance with high insulation underneath. The exposed concrete floor should be 

uncovered (carpeted floors does not absorb heat gains), and preferably dark-matt ceramic tiled [28]. Tiles 

should be fixed to the slab with a mortar adhesive and grouted very tightly to the slab in order to ensure 

an efficient heat transfer between the two materials. Solid timber floors offer high thermal mass but are 

poor at conducting heat so they may just create some hotspots, while concrete is able to spread the heat 

in the whole house. In case of a wooden floor, EECA proposes building owner to add thermal mass by 

pouring 50mm or more of concrete on top of the wood 11  [29]. The following table provides the 

effectiveness of some common construction materials. A good thermal mass material must have a high 

specific heat capacity and high density to be able to store enough heat, while the thermal conductivity 

should me moderate to synchronise the absorption/release of the heat with the heating/cooling needs. 

Material 
Specific Heat Capacity 

J/kg.K 
Density 
kg/m3 

Thermal Conductivity 
W/m.K 

Effectiveness 

Water 4200 1000 0.60 High 

Stone 1000 2300 1.8 High 

Brick 800 1700 0.73 High 

Concrete 1000 2000 1.13 High 

Gypsum Plaster 1000 1300 0.5 High 

Steel 480 7800 45 Low 

Timber 1200 650 0.14 Low 

Fibre insulation 1000 25 0.035 Low 
Table 12. Thermal mass effectiveness of common construction materials, Greenspec [30] 

2.4.2.7 Insulation and airtightness 

Building insulation is crucial for effective passive heating and cooling as it keeps the heat in during winter 

while it prevents the heat gains through walls during summer. It is strongly recommended to insulate 

more than the NZBC requirements, especially for colder regions of New Zealand in order to achieve the 

optimum for conservation. Also, applying insulation during the construction is a critical process as leaving 

small gaps within insulation may significantly compromise the insulation effectiveness of the whole 

envelope [25]. 

Eliminating air leakage and heat loss in buildings by making them airtight is one the most important factor 

to benefit fully from passive design strategies such as solar gains. Even if good insulation is in place, 

heating a house that leaks through cracks and openings may lead to significant heat losses. For timber 

                                                           
11 this option must be approved by a qualified builder 
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framed construction, some specifics membrane can be used for airtightness and moisture control 

purposes. They should be located between the insulation and the plasterboard [31]. Infiltration and 

draught can also be minimized by ensuring that doors and windows are correctly sealed. 

2.4.2.8 Daylighting 

Using daylight is an important aspect of passive design. It ensures visual comfort while reducing lighting 

power loads. Appropriate windows and/or skylight placements are critical for daylighting strategies. A 

simple rule of thumb for most latitudes is that daylight penetrates into a room roughly 2 times the 

windows head [32]. Therefore, shallow buildings oriented east-west with high windows head provides a 

high penetration of daylight. 

Daylighting design considers daylighting apertures separately from view windows. Daylighting windows 

have different optimal sizes, placement, and glazing properties from view windows (for instance, view 

windows may be more heavily tinted than daylighting windows to avoid glare).  

Light shelves can be placed between daylighting windows and view windows. This ensures appropriate 

shading for the view window while bouncing light towards the ceiling to improve light penetration as 

shown in Figure 22. They are most effective on walls facing the sun's path. The orientation, height, position 

(internal, external, or both), and depth of the light shelf are critical. A rule of thumb is that the depth of 

the internal light shelf be approximately equal to the height of the clerestory window head above the 

shelf [27]. Other daylighting openings include clerestory windows (skylights), and light-pipes for 

daylighting channelling. Finally, using reflective finishes such a light coloured paints can increase the 

penetration of natural light into the interior [32]. 

Daylighting strategies are directly linked to lighting, heating and cooling loads, therefore using an energy 

software is strongly recommended for an optimum design. 

 

Figure 22. View/daylighting windows and light shelves, Source Autodesk [27] 

2.4.2.9 Ventilation and heat recovery 

Natural Ventilation can be used to passively cool a building and provide fresh air. The availability of wind 

and the level of air pollution must be analysed beforehand. A shallow building with the short axis oriented 

with prevailing breeze is ideal for natural ventilation. To improve the cooling effectiveness of cross 

ventilation12, inlet openings should be smaller than outlet openings, leading to higher air velocities. If the 

ceiling is high, placing inlets low in the room helps sucking cooler air inside the building while placing 

                                                           
12 Cross ventilation is achieved by locating opening on opposite sides of the building  
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outlets high on the wall help pull warmer air out of the space13 [27]. Ventilation effectiveness can also be 

improved by using a horizontal shape for the inlet openings. 

Active ventilation may be needed to meet the NZBC Clause G4 for Ventilation requirements. Mechanical 

ventilation is necessary if the building is very airtight or if natural ventilation cannot be accomplished. Its 

efficiency is greatly improved when coupled with a heat recovery system which recuperate between 67% 

and 95% of the heat from the exhaust air [9]. Heat recovery systems may not be viable for warmest parts 

of New Zealand since the larger the temperature difference are necessary for better efficiencies [28].  

2.4.2.10 Thermal bridge-free construction 

Thermal bridging can severely compromise a high insulation system, and should be designed with care. A 

thermal bridge is an unwanted path for the heat to bypass the envelope insulation. There are two different 

types of thermal bridges: construction thermal bridges and geometric thermal bridges.  

A construction thermal bridge occurs when a conductive material severely compromises the effectiveness 

of other insulated materials, resulting in an overall low R-value. Common types of construction thermal 

bridging are timber and steel framing in external walls (connecting both the interior and exterior faces of 

the wall), aluminium window frames, and small gaps in insulation. This type of thermal bridging can be 

easily solved by using the right materials and installing insulation tightly. Geometric thermal bridges are 

caused by the building geometry and can be minimised by keeping a simple building form. They are 

difficult to avoid in comparison with construction thermal bridges. They usually occur at a junction 

between an external wall and a floor/roof/window/door and at the corner of an external wall. 

A thermal bridge-free construction may be achieved with a continuous thermal envelope, meaning the 

insulation material should pass the pen-test14. This test should be applied to the insulation layer and the 

airtightness layer. 

 

  

                                                           
13 This technique is called stacked ventilation and uses temperatures differences to move air: hot air rises because it 
is lower pressure. 
14 The pen test consists in tracing a continuous line corresponding to the control layers (barriers against heat transfer, 
air infiltration), flaws are detected where the line breaks 
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3 BUILDING INFORMATION MODELS 

3.1 ENERGY ANALYSIS TOOLS 

3.1.1 Revit 2016 and Green Building Studio 

Revit 2016 is mainly used by architects and engineers to design an entire building including structural and 

mechanical components. The software provides various features to analyse a design such as heating and 

cooling load calculation for HVAC sizing, daylighting/solar analysis, and whole building energy analysis. 

The latter is being performed with Green Building Studio (GBS) which is a cloud-based service from the 

same developer (Autodesk), using the DOE-2 simulation engine for an hourly calculation of the whole 

building energy usage. 

However, GBS provides only a limited range of HVAC system and only one type can be selected for the 

whole building. This is not convenient for simulating single family buildings in New Zealand where 

centralized heating is very rare (only about 5% of New Zealand houses according to BRANZ). The inability 

to model a simple air source heat pump in the lounge and portable electrical heaters in the bedrooms 

made this software not suitable for performing detailed energy analysis on the CLT building model.  

Instead, Revit is used to confirm equipment sizing results from DesignBuilder, through its “Heating and 

Cooling Loads” feature. The tool is also very convenient for daylighting and solar analysis which are 

presented later in the report. 

3.1.2 EnergyPlus Simulation via DesignBuilder 

EnergyPlus is an energy and thermal load simulation program developed from two older energy simulation 

programs: DOE-2 and BLAST. The goal of EnergyPlus was to integrate the best features of its two parent 

programs, which makes it one of the most powerful energy analysis and thermal load simulation program 

today. 

DesignBuilder is a fully featured EnergyPlus user interface intended to be used at any stage of the design 

process. It allows to simulate energy consumption and thermal loads for a wide range of building types 

using the latest version of EnergyPlus. The software also offers a user interface for the HVAC systems, 

where both air and water sides can be edited by placing and connecting components.  

The main advantage of DesignBuilder over Revit and GBS is that the software allows much more detailed 

results, allowing hourly data to be analysed at room/zone levels while GBS only offers monthly data for 

the whole building. DesignBuilder is able to perform both HVAC equipment sizing (via a Cooling/Heating 

design feature), and a whole building energy simulation. 

The software also gives the possibility to perform some parametric analysis, which is useful to evaluate 

how sensitive the energy performance is to a range of building design options. This feature is used for the 

“Alternative design” section later in the report. 
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3.2 REFERENCE BUILDING CHARACTERISTICS 
The main purpose of the reference building is to check the accuracy of the energy software and validate 

the model inputs (internal gains, DHW, lighting power consumption, HVAC set points) as they are assumed 

identical for both the proposed CLT house and the reference building models. To do so, the predicted 

energy consumption of the reference building model is compared with actual electricity consumption 

provided by the home owner. The results are discussed in section 4.1. 

Most of the occupancy behaviour (such as HVAC set points and operation) are also provided. But other 

inputs such as plug loads are more difficult to estimate so the literature was used in this case. For instance, 

the appendix A of the NZS 4218 suggests default data regarding residential occupancy and equipment 

loads for energy modelling. 

The reference house was built in 2013 using a timber framed construction, which is very typical for New 

Zealand dwellings. For that reason, this is a great opportunity to assess the feasibility of the CLT building 

compared to a regular New Zealand house.  

 

Figure 23. Reference building – Energy model using Revit 2016 (left) and DesignBuilder (right) 

3.2.1 General characteristics 

The reference building is a single story house of 97m², located in Riccarton area in Christchurch, New 

Zealand. Both buildings are located in the same region so the climate is assumed to be about the same 

for the two models, although distinct weather data files are used. The dwelling was occupied since 2010 

by 4 occupants and historical data for the monthly electricity consumption is available for a full year. 

Electricity is the only type of energy used in the house, and is running the HVAC system (Heat pump and 

electric radiators), the DHW system, the lightbulbs, and the electrical appliances.  

 

Figure 24. Reference Building - Floor plan view 
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3.2.2 Internal gains inputs 

The occupancy of the house is modelled using assumptions for both occupancy densities and schedules 

for the whole house. The values in the following tables are specified by the New Zealand standard 4218 

for Energy Efficiency. 

Occupancy 150W + 3W/m² over 50m² floor area 

Plug Load 24.5 W/m² 
Table 13. Internal gains assumptions for energy modelling, Source NZS 4218:2004 Appendix A [1] 

The plug load for the model is then assumed to be 24.5W/m². Internal gains from occupancy could be 

calculated using the formula above, but in our case the number of occupants is known therefore the 

metabolic rate per person is assumed to be 120W. 

 12 am – 8 am 8 am – 11 am  11 am – 6 pm 6 pm – 10 pm 10 pm – 12 am 

Occupancy      

    Weekdays 100% 60% 60% 100% 100% 

    Weekend 100% 100% 50% 70% 100% 

Plug load      

    Weekdays 3% 23% 23% 27% 20% 

    Weekend 3% 23% 23% 27% 20% 
Table 14. Schedules for occupancy and plug loads as a percentage of the maximum load, Source NZS 4218:2004 Appendix A [1] 

3.2.3 Lighting power 

The lighting power density is assumed to be 10W/m² for the whole house. Estimations for the lighting 

schedule is shown in Table 15. Those assumptions are based on a BRANZ report which analysed the 

lighting energy consumption for the New Zealand residential sector by surveying a total of 150 houses 

[33].  

 Wintertime Summertime 

Period Morning Evening Morning Evening 

Lighting use (hours) 1.5 5 0.5 2.5 
Table 15. Lighting power density schedule, Source BRANZ [33] 

3.2.4 Domestic hot water 

A rule of thumb is to consider 30 litres/day/person of hot water consumption [27]. This would account for 

a total domestic hot water consumption of 120 litres per day. An electrical boiler was used, and is 

modelled with a COP value assumed to be 0.67, accounting for heat losses through the hot water tank. 

This assumption is based on the HEEP study where standing loss where monitored for different types of 

hot water cylinders. It was found that standing losses for electric systems are about 33% of the total 

energy use on average (section 24.6.4 of the HEEP final report [13]). 

3.2.5 Airtightness 

According to BRANZ, post-1960 New Zealand dwellings with a simple design and airtight joinery (windows 

seals) have an air leakage of about 5 ACH at 50Pa [6]. In addition, a BRANZ research on New Zealand 

dwellings airtightness suggests that houses built in 2000’s have an average airtightness of 5 ACH at 50Pa 

(Figure 17). 
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3.2.6 HVAC set points and Natural ventilation 

The HVAC system consists of a split system air source heat pump in the lounge with portable electric 

heaters in the bedrooms. According to the home owner, the set point temperature for the heat pump was 

usually 18°C and the system was operating from 5.30am to 10pm every day. While electric heaters were 

manually switched on at 10pm and switched off in the morning at 8am. The seasonal COP of the heat 

pump is assumed to be 2.5 as a recent BRANZ study report showed that typical heat pumps in New Zealand 

dwellings provide 1.5 to 3 times the heat output to electrical input over the heating season [16]. The 

efficiency of electrical heaters is 100% meaning that all the electricity is converted into heat. No cooling 

energy is required in summer since natural ventilation (opening windows) was sufficient to passively cool 

the building. In the energy model, natural ventilation occurs when the indoor temperature is above 25°C. 

3.2.7 Building materials 

The reference house is built using a timber framed construction and the composition of the envelope is 

illustrated below with associated overall thermal resistance. R-values are displayed instead of U-values as 

it is the standard units for insulation requirements in New Zealand. Windows are double pane with 

thermally broken aluminium framing (R 0.31). 

 

Figure 25. Reference Building - Composition and R-value of the external walls (left) and internal partitions (right) 

 

 

Figure 26. Reference Building - Composition and R-value of the roof (left) and ground floor (right) 
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3.3 PROPOSED CLT BUILDING CHARACTERISTICS 

3.3.1 General Characteristics 

The proposed building project site is located in Waikuku Beach, which is 30km from the reference building 

situated in Christchurch. The project is currently at the design stage, and energy analysis is expected to 

support the decision making regarding the envelope insulation, building orientation, shading devices, and 

HVAC system. This section describes the current proposed house design, as well as the main assumptions 

used for the modelling process. Most of the assumptions were validated by the Calibration test (refer to 

section 4.1), where a reference building has been modelled in order to compare its predicted energy 

consumption with real data. Alternative design and measures are proposed and evaluated later on in the 

Alternative design section. The house is a two-storey with a total floor area of 212m². 

 

Figure 27. CLT Building – Energy model using Revit 2016 (left) and DesignBuilder (right) 

  

Figure 28. CLT Building - Plan for the ground floor (above) and first floor (below) 

3.3.2 Passive design 

The building is designed using common passive design strategies. It is elongated on the east-west axis with 

large windows facing north to benefit fully from passive solar heating and daylighting for the main living 

areas. External shadings are proposed to block solar gains from the high summer sun. One of the main 

flaw in the current proposed design is that the total area of north glazing windows may not be balanced 

with the amount of thermal mass (refer to section 2.4.2.6). Although the building orientation provides 

large amount of solar gains, it is not ideal for passive cooling and natural ventilation in summertime, 
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therefore thermal comfort in summer should be analysed. Several building design alternatives are 

proposed in section 4.2.5 and are assessed via a cost-benefit analysis.  

3.3.3 Internal gains, LPD, and DHW consumption 

The model inputs for the occupancy, lighting power density and domestic hot water consumption are the 

same as described previously for the reference building. 

However, the plug load density is set to be 12W/m² instead of 24W/m² for the reference building, since 

the total appliances power is assumed to be approximately the same for both buildings. Indeed, they both 

contain the same number of rooms (one kitchen, one laundry) with approximately the same occupancy, 

therefore the extra space for the CLT house is not believed to lead to any additional appliances 

consumption. Another difference is the use of a mechanical ventilation system with a heat exchanger for 

the proposed CLT building. 

3.3.4 Heating system 

The proposed heating system is similar to the one previously described for the reference building. The 

lounge is equipped with a heat pump while each bedroom has its own portable electric heater. The main 

difference is that the heat pump is assumed to supply heat to the kitchen as well, as no internal wall 

separate those two zones. 

3.3.5 Mechanical ventilation requirements 

The house is to be built using CLT panels which are held together very tightly, therefore mechanical 

ventilation is necessary to provide the occupants with fresh air and control moisture. Due to the 

temperate climate of New Zealand, using opening windows has been traditionally used to provide most 

of the ventilation. For this reason, the NZBC do not contain any stringent ventilation requirements, the 

requirements of NZS4303 for ventilation are the following. 

Living Areas 
0.35 ACH, or 7.5L/s,  
Or to have openable windows 

Kitchen 
12L/s continuous or 50L/s intermittent, 
Or to have openable windows 

Bathrooms 
10L/s continuous or 25L/s intermittent, 
Or to have openable windows 

Laundries 
20L/s intermittent, 
Or to have openable windows 

Table 16. Ventilation requirements set by NZS4303 
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From those requirements, the following air distribution in the building have been determined.  

 

Table 17. Airflow rates distribution, Fantech 

This leads to a total air exchange rate of 0.38 ACH which is considered as a healthy ventilation. Indeed, 

BRANZ suggests a ventilation rate is 0.35-0.5 ACH, meaning that at least one third of the total air volume 

of the house should be replaced by fresh air each hour [34]. 

The following conceptual ducting layout is proposed. As with the table above, red zones correspond to 

spaces where air is extracted while blue zones are supplied with fresh air. 

 

Figure 29. CLT Building - Conceptual ducting layout, Fantech 
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The chosen mechanical ventilation unit is a ComfoAir 350 manufactured by Zehnder. The system is 

certified by the passive house institute and has the following characteristics:  

Ventilation system model ComfoAir 350 

Airflow range 71-293m3/h 

Heat recovery rate 84% 

Specific electric power 0.29 Wh/m3 
Figure 30. CLT Building - Specifications of the mechanical ventilation unit with heat recovery 

The house volume is about 500m3, hence a ventilation requirement of 0.38 air change per hour 

necessitates around 190m3/h, showing the appropriate airflow range of this system for the building. The 

specific electric power provided by the manufacturer is used in DesignBuilder.  

In summer, the temperature difference between the outdoor and indoor is not high enough to benefit 

from the heat exchanger of the ventilation system. Therefore, in order to avoid unnecessary electricity 

consumption from the unit, mechanical ventilation is assumed to be turned off while natural ventilation 

is expected to occur by opening windows and doors when indoor temperatures exceeds 25°C.  

The main inputs for both building models are summarized in the following table. 

Inputs Proposed CLT building Reference building 

Internal gains   
    Occupancy 5 people x 120W 4 people x 120 W 
    Power load 12kW/m² 24kW/m² 

Ventilation 
Mechanical, 0.38ACH  
@ 84% HR efficiency 

+ Nat vent when tin > 25°C 

Natural ventilation 
When indoor temp. > 25°C 

Lighting power 10W/m² 10W/m² 

Domestic hot water   
    DHW system Hot water cylinder @ 0.67 COP Hot water cylinder @ 0.67 COP 
    DHW consumption 5 people x 30L/day 4 people x 30L/day 

HVAC system and set points   

    Main living areas 

Split system ASHP @ 2.5 COP 
20°C from 5.30am to 10pm for 
first floor (Lounge & Kitchen) 

Split system ASHP @ 2.5 COP 
20°C from 5.30am to 10pm for 
lounge 

    Bedrooms 
Portable electric heaters 
18°C from 10pm to 8am 

Portable electric heaters 
18°C from 10pm to 8am 

Airtightness 3 ACH at 50Pa 5 ACH at 50Pa 
Figure 31. Summary of main assumptions for both buildings 

3.3.6 Building materials 

The building materials consist mainly of CLT panels connected tightly together to form walls, the floor and 

the roof. The composition of external walls, roof and floor is already designed and constitute the baseline 
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for the building envelope. Alternative design for the insulation are explored in section 4.2.5. The following 

figure illustrates the layers of the external walls and roof15.  

 

Figure 32. CLT Building - Composition and R-value of the external wall (left) and roof (right) 

Internal partitions consist of 85mm CLT panels (R 1.1) while the ground and internal floor are made of 105 

mm CLT panels with 25 mm insulation underneath the ground floor (R 2.5). The ground floor insulation is 

affected by thermal bridging, as 90x45mm battens must be positioned under the CLT panels for structural 

purposes. For this reason, a concrete ground floor option is explored later in the report. This option comes 

with two main advantages: the absence of thermal bridging, and the benefit of higher thermal mass. 

Windows are double pane with thermally broken aluminium framing (R 0.31).  

3.3.7 Airtightness 

As discussed in section 2.3, the main advantage of the CLT technology from an energy efficiency 

perspective is the airtightness that can be achieved. This value is very sensitive and has a great influence 

on the heating loads and overall energy consumption of the building. It can be assumed that with good 

sealant application between the panels, an air leakage between 1.8 and 2.8 ACH at 50Pa can be achieved 

[21]. Nevertheless, this parameter if of great uncertainty as it highly depends on the sealant application 

to connect the panels. Consequently, a worst case scenario of 3 ACH at Pa is assumed for the modelling 

process in order to avoid any undersized heating equipment.  

  

                                                           
15 The current insulation for the roof is insufficient to comply with the code (R3.5), but is still used as a baseline to 
demonstrate the potential energy savings of using higher insulation. A final building design with higher roof 
insulation will be proposed in the discussion section of the report. 
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4 RESULTS 

4.1 CALIBRATION 
The main purpose of the calibration part is to check the accuracy of the energy software and validate the 

model inputs (internal gains, DHW, lighting power consumption, HVAC set points) as they are assumed 

identical for both the proposed CLT house and the reference building models. 

4.1.1 Heating Design 

Heating design calculations aims at defining the size of the heating equipment, by calculation the heating 

power required to meet the coldest winter design weather. Solar and internal gains are not taken into 

account to avoid under sized equipment, and zones are assumed to be heated until the temperature set 

point is attained (meaning that the heating schedule is not considered). 

The heating design calculation of DesignBuilder yields the following heat balance through the building: 

Building 
Component 

Heat Losses  
(W) 

Heat Losses 
repartition 

Typical heat losses repartition for a fully 
insulated NZ house of 100m² [35] 

Ceiling 730 14.2% 7% 

External walls 770 15.0% 13% 

Windows 1,520 29.6% 46% 

Ground Floor 990 19.3% 16% 

Infiltration 1,120 21.8% 18% 

Total 5,130 100% 100% 
Table 18. Reference building - Heat Balance through the envelope, DesignBuilder 

It can be noticed from the table above that the heat losses repartition calculated by DesignBuilder is close 

to typical values found in the literature. The total heating power required is calculated to be about 5.1kWh 

for the whole house. DesignBuilder applies a safety factor of 1.5, leading to a recommended heating 

power of 7.7kW. The heating power repartition for each conditioned space is shown in Table 19. It can be 

seen that the heating design matches rather closely with the actual equipment used in the building.  

Conditioned spaces 
Heating Design 
DesignBuilder 

Actual equipment used 

Bedroom 1 0.82kW Portable Electric heater – 2kW 

Bedroom 2 0.87kW Portable Electric heater – 2kW 

Bedroom 3 1.76kW Portable Electric heater – 2kW 

Lounge 4.22kW Heat pump – 7kW Output 

All conditioned spaces 7.7kW Total installed power: 13kW 
Table 19. Reference building - Heating design calculated by DesignBuilder and actual equipment used 
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4.1.2 Energy Consumption 

The monitored monthly electricity consumption is to be compared with the results from a DesignBuilder 

simulation to evaluate the accuracy of the energy model. The full electricity consumption data provided 

by the home owner is shown in Table 20. The data for the year 2015 is missing the month of November, 

and the value for December 2015 seem atypical, therefore some data from year 2014 were used instead. 

Year Jan Feb March April May June July Aug Sept Oct Nov Dec Annual 

2014 (kWh) - - - - - - - - 800 1017 760 690 - 

2015 (kWh) 720 611 404 800 995 1233 1327 1009 800 846 - 236 - 

Kept data (kWh) 720 611 404 800 995 1233 1327 1009 800 846 760 690 10,195 
Table 20. Reference Building – Utility costs provided by the home owner 

 The simulation from DesignBuilder calculates a total energy consumption of 10,034kWh, consisting only 

in electricity. The specific energy used is then calculated to be 101kWh/m²/year. 

That energy consumption seems to be a reasonable value since the total annual electricity consumption 

is estimated to be about 10,195kWh according to the electricity bills as shown in the table above. In 

addition, the HEEP survey estimated that a house located in the Canterbury region with 3 occupants, 

consumes a total energy of about 13,784kWh per year on average [15]. 

The monthly electricity consumption is shown in Figure 33. As one can see, the predicted consumption 

match approximately with the real data provided by the home owner. 

 

Figure 33. Reference building - Predicted vs. Actual monthly electricity consumption 

The figure below shows the monthly fuel breakdown for the whole house. It can be noticed that the DHW 

and appliances electricity are constant through the year while the lighting energy increases during 

wintertime. As shown in the graph, the electricity consumption for the heating systems starts in early April 

and ends in late September. This is confirmed by a HEEP study which surveyed an average heating seasons 

of 4.5-9.3 (mid-April to mid-September) for a house located in Christchurch. 

Assumptions for the constant loads through the year (electric appliances, lighting power density and 

district hot water) are believed to be accurate, according to the electricity consumption during the 
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warmest months (Oct-March). Indeed, no heating energy is supplied during this period so it is likely that 

the constant loads prediction is correct.  

 

Figure 34. Reference building - Monthly fuel breakdown 

The annual fuel breakdown is displayed in the following figure and table. 

 

Figure 35. Reference building –Annual electricity breakdown, DesignBuilder 

 Energy Use (kWh/year) 

 
Simulated by 
DesignBuilder 

Expected value from 
HEEP Study Research 

Real Value  
(Utility Bills) 

Total 10,034 13,780 10,200 

Room electricity  
+  Lighting 

4,184 4,870 - 

Space Heating 2,223* 5,860* - 

Electricity for DHW 3,627 3,050 - 
Table 21. Reference Building - monthly fuel breakdown and expected values 
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The expected values were taken from the HEEP study data, and are specific to a house located in 

Christchurch. It can be seen that although the total energy consumption between the simulated data and 

the real value are close (1% deviation), significant differences occur for space heating when comparing 

with the literature data.  

*The energy consumption for space heating cannot be compared directly, as most of the sampled houses 

of the HEEP project had solid fuels for space heating while the reference house uses a heat pump 

(electricity). For the reference house, the actual heating energy supplied to the house is 3,493kWh/year 

(Table 22), while the literature shows that an average house located in the South Island requires 

approximately 4,680kWh of heating energy per year (achieved by about 5,860kWh/year of solid fuel in 

the HEEP study). The heating load simulated by DesignBuilder is therefore 25% less than the data found 

in the literature. However, the reference house is fully insulated to the code requirements, while the 

houses sampled in the HEEP study probably had lower insulation on average (refer to the insulation 

section from the literature review 2.2.3.2). 

To validate further the accuracy of the predicted electricity consumption for heating, a 2015 BRANZ study 

is consulted. This study analysed a random sample of 160 New Zealand houses using heat pumps in 2015 

and found that a heat pump for a New Zealand house consumes 1,220kWh/year on average [16]. However, 

according to the research paper, this consumption varies greatly from depending on the region and from 

a dwelling to another, therefore the simulated value of 851kWh/year by DesignBuilder seems reasonable.  

Heating system 
Zone Heating 
(kWh/year) 

Electricity Consumption 
(kWh/year) 

Electric heater (Bedroom 1) 478 478 

Electric heater (Bedroom 2) 501 501 

Electric heater (Bedroom 3) 393 393 

Heat Pump (Living Room) 2,121 851 

Total 3,493 2,223 
Table 22. Reference building - Electricity consumption of each heating system, DesignBuilder 
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The figure below shows the monthly heat balance through the year. It can be seen that the windows are 

responsible for most of the heat losses especially during winter time. Heating energy is required from 

April to September according to the simulation. The chart also highlights that passive cooling is provided 

by natural ventilation during summertime, which occurs when the indoor temperature exceeds 25°C. 

 

Figure 36. Reference Building – Monthly Heat Balance, DesignBuilder 

4.1.3 Thermal Comfort Assessment 

In order to check that the simulated building is operating as expected, the thermal comfort for a typical 

winter and summer day is analysed. The two following figures show that the heating set points 

temperature are met according to the heating schedule in the bedrooms and the lounge, while Figure 39 

shows that natural ventilation occurs during a typical summer day. 

 

Figure 37. Thermal comfort in the living room for a typical winter day (4 Aug), DesignBuilder 

The figure above shows that for a typical winter day, the heat pump runs mostly during the morning and 

evening, while the larges windows in the living room lead to enough passive heating from the sun during 

the afternoon. The average comfort temperatures during a winter month (July) were simulated to be 
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17.68°C for the living room and 17.74°C for one of the bedroom. Those rather low indoor temperatures 

are explained by the part-house heating practice. 

 

Figure 38. Reference building - Thermal comfort in a bedroom for a typical winter day (4 Aug), DesignBuilder 

 

Figure 39. Reference building - Thermal comfort in the lounge for a typical summer day (23 Dec), DesignBuilder 

The figure below shows the amount of total fresh air supplied to the building during a typical winter day. 

It can be noticed that the total fresh air supply increases during the afternoon since natural ventilation 

occurs the opening of windows. During the night, the natural air leakage rate allows the building to be 

supplied by enough fresh air of about 0.61 ACH, which is good according to international guidelines of 

0.5ACH [10]. 

 

Figure 40. Reference building - Total fresh air supplied to the building for a typical winter week, DesignBuilder 
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4.1.4 Costs Assessment 

The section aims at presenting the life cycle cost (LCC) over 60 years of the reference house. The LCC of 

this typical New Zealand house is to be compared with the LCC of the CLT house project. Then it will be 

possible to conclude on the feasibility of the proposed CLT house. LCC is proposed to be calculated using 

the following formula. 

𝐿𝐶𝐶𝑡𝑜𝑡𝑎𝑙 = 𝐶𝑎𝑝𝑖𝑡𝑎𝑙 𝐶𝑜𝑠𝑡 + 𝐿𝐶𝐶𝐸𝑛𝑒𝑟𝑔𝑦 

The following capital cost breakdown is provided by the home owner, who was also in charge of the 

construction. 

Capital Cost breakdown Cost (k$) 

House bought from CPIT 150 

Transportation to site 10 

Craning 10 

Site preparation 5 

Foundations 10 

Drainage work 5 

Service work 5 

Connection to grid 3 

Building and resource consent 5 

Painter 15 

Electrician 3 

Plumber 3 

Flooring (tiles and carpets) 5 

Carpenter 15 

Engineering/Geotechnical  
and Architectural fees 

5 

Total investment $250,000 

Total cost per floor area $2,500/m² 
Table 23. Reference building – Capital costs breakdown 

The life cycle cost of operating energy is calculated using the real electricity consumption data (utility 

costs) for a year. 

Electricity consumption (kWh/year) 10,195 

Electricity cost (NZ$/kWh) 0.3 

Annual operating cost (NZ$/year) 3,058 

LCC Energy $183,500 
Table 24. Reference building - LCC of operational energy 

The total life cycle cost over 60 years of the reference building is then calculated to be about 433,500$, or 

4,340$/m². This value is to be compared with the CLT building cost later in the report. 
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4.2 BASELINE CASE 
The baseline case consists in simulating the CLT building using default values for the inputs and keeping 

the design as it is proposed currently (described in section 3.3). Possible design improvements are 

discussed in the “Alternative design” section.  

4.2.1 Heating Design 

The heating design calculation of DesignBuilder yields the following heat balance through the building: 

 CLT Building Reference Building 

 Heat Losses (W) Heat Losses repartition Heat Losses (W) Heat Losses repartition 

Ceiling 920 11.8% 730 14.2% 

External walls 1,910 24.5% 770 15.0% 

Windows 3,690 47.4% 1,520 29.6% 

Ground Floor 700 9.0% 990 19.3% 

Infiltration 560 7.2% 1,120 21.8% 

Total 7,780 100% 5,130 100% 
Table 25. CLT Building - Heat Balance through the envelope, DesignBuilder 

It can be seen that the heat losses due to infiltration is minimized as the CLT construction is assumed to 

be more airtight (3 ACH at 50Pa against 5ACH for the reference building). Significant heat losses occur 

through the envelope due to the lack of insulation of the current building design.  

The heating power repartition for each conditioned space is shown in Table 26. 

Conditioned spaces 
Heating Design 
(DesignBuilder) 

Bedroom 1 0.9kW 

Bedroom 2 0.6kW 

Bedroom 3 0.6kW 

Bedroom 4 0.8kW 

Lounge + Kitchen 5.4kW 

All conditioned spaces 8.3kW 
Table 26. CLT Building - Heating design calculated by DesignBuilder and actual equipment used 

4.2.2 Energy Consumption 

The electricity consumption of the proposed CLT house can be compared with the actual consumption of 

the reference building. The comparison is made using specific consumptions in kWh/m² to cancel the total 

floor area differences (210m² and 97m² for the CLT and reference building respectively). The annual gross 

energy consumption of the CLT building is about 12,380kWh/year, and its specific energy consumption is 

calculated to be 59kWh/m²/year. The specific energy consumption is halved compared to the reference 

building case. It can be noticed that the monthly consumption does not vary much through the year, 

meaning that the consumption is mainly dominated by constant loads such as DHW consumption, lighting 

power and plug loads rather than heating energy. 
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Figure 41. CLT Building - Monthly specific electricity consumption in kWh/m², DesignBuilder 

The figure below shows the monthly fuel breakdown for the whole house.  

 

Figure 42. CLT Building - Monthly fuel breakdown 
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The annual fuel breakdown is displayed in the following figure and table. 

 

Figure 43. CLT Building – Annual electricity breakdown, DesignBuilder 

 

Electricity End-Use CLT Building (kWh/m²/year) Ref. Building (kWh/m²/year) 

Room electricity 14.7 32.2 

Lighting 11.4 11.4 

Space Heating 7.4 22.9 

DHW 24.8 37.4 

Mechanical ventilation 1.2 - 

Total 58.9 101 
Table 27. CLT Building - monthly fuel breakdown and expected values 

The table above shows that the room electricity per floor area is halved for the CLT building, which was 

expected since the same total plug load was assumed for both buildings. The main difference is the 

particularly low electricity consumption for heating, estimated to be about 7.4kWh/m²/year against 

22.9kWh/m²/year for the timber framed reference building using the same HVAC system. Table 28 

displays the electricity consumption for each of the heating systems and the heating energy produced, it 

can be seen that the very airtight envelope of the CLT house leads to very little heating energy needs for 

the bedrooms and the living room. This is also explained by the design of the house which benefits fully 

from passive solar gains in winter as shown in Figure 44. The graph demonstrates that the large glazing 

area on the north side coupled with external shadings blocks the high summer sun, leads to approximately 

constant solar gains through the year. However, it glazing become the main component responsible for 

heat losses around the year. Therefore, it may be interesting to install high performance windows. Such 

assessment is carried out in the alternative design section. 
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System 
Zone Heating 
(kWh/year) 

Electricity Consumption 
(kWh/year) 

Electric heater (Bedroom 1) 195 195 

Electric heater (Bedroom 2) 89 89 

Electric heater (Bedroom 3) 92 92 

Electric heater (Bedroom 4) 219 219 

Heat Pump  
(Lounge + Kitchen) 

2,375 950 

Total Heating System 2,970 1,545 

Mechanical Ventilation HR 1,520 240 
Table 28. CLT Building – Heating load and electricity consumption of each heating system, DesignBuilder 

The figure below also shows that sensible cooling occurs in winter due to income of cooler air supplied by 

the mechanical ventilation, while in summer natural ventilation is used when the indoor temperature 

exceeds 25°C. 

 

Figure 44. CLT Building - Internal gains and fabric losses, DesignBuilder 

The graph below demonstrates that heating energy is required from April to October corresponding to a 

total heating energy of 2,970kWh/year supplied by the heat pump and electrical heaters. In addition, 

some heating energy is provided by the heat recovery system of the mechanical ventilation. Although 

some heat is lost due to the introduction of the cooler air by the mechanical system (zone sensible cooling 

in the graph above), a total of 1,520kWh/year is recovered from the HR system (Heat recovery total 

heating in the graph below). 
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Figure 45. CLT Building - Heating energy supplied by the heating systems and ventilation heat recovery, DesignBuilder 

4.2.3 Thermal Comfort Assessment 

In this section, the thermal comfort is analysed to evaluate the effect of heating on winter indoor 

temperatures and the effect of natural ventilation on summer indoor temperatures. The two following 

figures demonstrates that the solar gains only can keep the living room and the bedrooms at comfortable 

temperature. Only little heating energy is needed in the living room, while no heating energy is required 

for the bedroom for this specific typical winter day. It seems that the airtightness coupled with the high 

thermal mass of the CLT construction leads to comfortable temperatures in the evening without the need 

of additional heating energy. 

 

 

Figure 46. CLT building - Thermal comfort in a bedroom for a typical winter day (4 Aug), DesignBuilder 
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Figure 47. CLT building - Thermal comfort in the living room for a typical winter day (4 Aug), DesignBuilder 

Figure 48 reveals that natural ventilation can keep the indoor temperature below 25°C. 

 

Figure 48. CLT Building - Thermal comfort in the living room for a typical summer day (23/12), DesignBuilder 

Finally, Figure 49 shows the amount of total fresh air supplied to the building during a typical winter week. 

It can be noticed that the supplied fresh air varies from 0.587 to 0.605 ACH, revealing that the mechanical 

ventilation system supplies enough fresh air to meet the international guidelines of 0.35-0.5 ACH. 

 

Figure 49. CLT building - Total fresh air supplied to the building during a typical winter week (3/08-9/08), DesignBuilder 
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4.2.4 Daylighting Analysis 

This section analyses the daylighting strategies of the building design. As shown 

in the following figures, the large glazing area located on the north side allows 

diffuse light to penetrate into the building. The height of the windows head 

allows daylight to penetrate deep into the space, leading to a rather uniform 

illuminance distribution of about 2000 lux through the whole floor area. 

The daylighting analysis have been performed according to the LEED 

Daylighting credit (8.1), which requires 75% of the regularly occupied spaces to 

have a daylight illuminance values between 100 and 5000 lux (or lumens/m²), 

in a clear sky condition on September 21th at 8am and 2pm. According to this 

daylighting analysis performed using the Revit software, the results is about 

88%, showing an excellent daylight penetration into the 

building. 

 
Figure 51. CLT Building - Illuminance distribution for the first floor (above) and ground floor (below), Revit 

 

Figure 52. Illuminance scale, Revit  

Figure 50. CLT Building - Daylighting assessment results, Revit 
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4.2.5 Costs Assessment 

Most of the data from the table below come from a builder quotation (Falcon Construction). Rows in bold 

refers to building options that will change for the final proposed design later in the report. 

Category Costs (NZ $) 

P&G16, Rubbish removal 2,180 

P&G, Cleaners 850 

P&G, Temporary power 950 

P&G, Hire Gear 2,980 

P&G, Building Consent fees 6,500 

P&G, Consultants fees 4,300 

P&G, Scaffolding 13,500 

P&G, Insurances 1,900 

P&G, Health and Safety 2,500 

Foundations, Earthworks 5,000 

Piling, Below Ground Remediation 45,000 

Carpentry (include CLT panels) 122,000 

Carpentry, interior doors and hardware 6,000 

Carpentry, Kitchen joinery and seating 12,000 

Roofing, Roofing iron and flashings 15,000 

Roofing, Gutter / Downpipes 4,000 

Fixing – Supply / Fix / Stop 28,000 

Painting and Decorating 20,500 

Exterior cladding 20,000 

Driveway 9,000 

Decking 15,000 

Electrical 10,000 

Plumbing and Drainage 15,000 

Plumbing fittings 8,400 

Civil Landscaping 2,000 

Builders labour 43,000 

Floor coverings 19,400 

Windows 41,000 

Total insulation 15,030 

Electrical appliances (kitchen and laundry) 2000 

Heat pump (x1) 2,000 

Hot water cylinder 1,800 

Electric heaters (x4) 200 

Mechanical ventilation system 11,900 

+ GST (15% of total) 76,000 

Total after GST 585,000 
Table 29. CLT Building – Capital Costs breakdown 

 

                                                           
16 P&G stands for Plumbery and General 
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The life cycle cost related to the operating energy is calculated in the table below. 

Electricity consumption (kWh/year) 12,380 

Electricity cost (NZ$/kWh) 0.3 

Annual operating cost (NZ$/year) 3,927 

LCC Energy (NZ$) 235,600 
Table 30. CLT Building - LCC of operational energy 

As with the reference building, the same formula is used to calculate the total life cycle cost of the building 

over 60 years which is the expected lifetime of a CLT building [36]. The total life cycle cost is about 

$820,600 over its lifetime, corresponding to $4,100/m². The same method was applied to a reference 

timber framed building and found a life cycle cost per area of $4,300/m². This shows that even though 

capital costs are much higher for the CLT building ($2,900/m² against $2,500/m²), over the lifetime of the 

house, the CLT alternative is cost-competitive due to lower operating costs. This life cycle cost analysis 

does not consider the replacement costs of defected equipment such as appliances, lightbulbs and 

windows over the lifetime of the building. A more discounted life cycle costs will be carried later in the 

report which includes those costs. 

An alternative design option for the CLT building will be proposed in section 4.2.5. This options will lead 

to a higher overall investment but will drastically reduce the operating costs. At the end of the Results 

section, a discounted life cycle costs analysis will be carried out to compare the three buildings: the 

reference timber framed, the baseline case for the CLT building, and its proposed improved design. 
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4.3 ALTERNATIVE DESIGN OPTIONS  
The purpose of this section is to understand the impacts of several design changes on the overall energy 

consumption in order to optimize the building design. Alternative options are proposed for the following 

building features: 

 Building orientation 

 Overhang depth 

 Thermal mass 

 Glazing 

 Building envelope (Walls, roof and floor insulation) 

 Lighting 

 Main electric appliances 

 HVAC and water heating system 

The potential energy savings from each option compared to the baseline case are clearly mentioned with 

the associated costs (both investment and payback time period). For cost savings and payback time 

calculations, electricity cost is assumed to be $0.3/kWh [37]. 

In the discussion section, the best alternative design options are combined and proposed as a building 

design recommendation for the decision maker. 

4.3.1 Orientation and external shading 

As expected, the graph below shows that the building has currently the best orientation possible, by 

aligning the long axis to the east-west directing, with the large glazed side facing north. Figure 53 

demonstrates that the best orientation is achieved when the building is facing north (0°) while the worst 

case occurs if the building was facing south (135°-230°). This is explained by the much higher transmitted 

solar gains for the first case. The heating load almost double from the north orientation to the south 

orientation option (2,750kWh/year against 5,240kWh/year), indicating the importance of building 

orientation.  

 

Figure 53. Building orientation and energy consumption, DesignBuilder 
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The following two figures highlights the benefit of fixed external shadings for the building oriented toward 

the north (0°). It can be clearly seen that the high summer sun is completely blocked during the summer 

solstice (Figure 54) while the total floor area is exposed to the low winter sun during the winter solstice 

(Figure 55). 

 
Figure 54. External shading and solar exposition during summer, Revit 

 

 
Figure 55. External shading and solar exposition during winter, Revit 

According to BRANZ [26], the optimal depth of the external shadings can be calculated from the following 

formula: 𝐴 = 𝐻 ∗ 𝐹ℎ𝑒𝑖𝑔ℎ𝑡, where H is the length between the windows sill and the overhang, and F is a 

factor regarding the location. This overhang depth excludes most of the high summer sun while admitting 

most of the low winter sun into the space.   

All the windows shaded windows of the CLT building have the same dimension and H is set to be 2,290mm, 

the coefficient F for Christchurch is given to be 0.35, leading to an optimal overhang depth calculated to 

be about 800mm. 
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DesignBuilder is able perform a parametric analysis on the overhangs depth. The five options considered 

and their impact on the energy consumption of the building are shown in the table below.  

External shading options 
Energy Consumption 

(kWh/year) 
Energy savings 

(kWh/year) 
Cost savings 

($/year) 

No shading 12,231 149 45 

Overhang 0.5m 12,303 77 23 

Overhang 1.0m (Baseline) 12,380 0 0 

Overhang 1.5m 12,459 -79 -24 

Overhang 2.0m 12,529 -149 -45 
Table 31. External shading options and cost analysis 

All overhangs options are relatively inexpensive to implement, therefore they are assumed to have the 

same investment costs and no payback time analysis was performed for this building feature. The choice 

of the overhang length may be determined according to aesthetic aspects, potential energy savings, and 

indoor temperatures. The graph below shows that energy consumption increases with the overhang 

depth.  

 

Figure 56. External shading options and energy consumption, DesignBuilder 

The linear trend suggests that the energy consumption is directly linked to the transmitted solar heat 

gains. However, the depth of the shadings has also an impact on the cooling load of the building, but this 

is not shown in the simulation as cooling needs are assumed to be met with natural ventilation. 

The following graph indicates that even with natural ventilation, a short external shading leads to a 

significantly higher annual indoor temperature in the living room. This suggests that overheating is more 

likely to occurs with shorter overhangs. In order to balance the potential energy savings with thermal 

comfort, a depth of 1 meter seems to be a good compromise.  
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Figure 57. External shading options and annual indoor temperature in the living room, DesignBuilder 

 

Figure 58 displays the solar heat gains in the CLT building for the five overhang lengths considered. It can 

be seen that deep overhangs reduce considerably the amount of solar gains in summer while limiting only 

a little the winter solar gains.  

 

Figure 58. Impact of overhang depth on solar heat gains, DesignBuilder 

4.3.2 Thermal mass 

 As discussed in the literature part, thermal mass is a crucial factor to consider when designing a solar 

passive house. Floors are directly stroke by solar heat gains, so they represent the major component of 

the building thermal mass. This section presents the simulation results of different floor alternatives.  

Both the internal and ground floor are considered, and two construction materials are assessed: the 

current CLT floor panel, representing the low thermal mass option, and a concrete floor of different 
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thicknesses which is the high thermal mass alternative. As a reminder, thermal mass is defined by several 

characteristics such as the material density, specific heat capacity and thermal resistance. Those values 

are summarized for different types of material, including timber and concrete, in Table 12. 

 

Internal floor options Thermal mass 
Energy Consumption 

(kWh/year) 
Energy savings 

(kWh/year) 
Cost savings 

($/year) 

105mm CLT Floor (Baseline) Low 12,380 0 0 

165mm CLT Floor Low 12,312 68 20 

100m Concrete Floor High 12,194 186 56 

200m Concrete Floor High 12,039 341 102 

300m Concrete Floor High 11,977 403 121 
Table 32. Thermal mass options for internal floor and cost analysis 

 

Table 33. Thermal mass options for internal floor and energy consumption, DesignBuilder 

A 200m thick concrete floor would reduce the heating load by 27.9%. However, it seems expensive to 

build an internal concrete floor, therefore a CLT floor of either 105mm or 165mm thickness is likely to be 

chosen for the final design.  

The same analysis is performed for the ground floor. The baseline for the ground floor is a 105mm CLT 

panel with 25mm insulation underneath (R2.5). It is to be compared with a 100mm, 200mm and 300mm 

insulated concrete floors. To isolate the effect of thermal mass, the insulation thicknesses of the concrete 

floor options have been adjusted to achieve the same R-value of 2.5 m²/K-W. 

Ground floor options Thermal mass 
Energy Consumption 

(kWh/year) 
Energy savings 

(kWh/year) 
Cost savings 

($/year) 

105mm CLT Floor (Baseline) Low 12,380 0 0 

100m Concrete Floor High 12,152 228 68 

200m Concrete Floor High 12,080 300 90 

300m Concrete Floor High 12,054 326 98 
Table 34. Thermal mass options for ground floor and cost analysis 
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Figure 59. Thermal mass options for ground floor and energy consumption, DesignBuilder 

The table above shows that higher thermal mass leads to decreased energy consumption. Using a 100mm 

concrete floor leads to 228kWh/year energy savings, while upgrading from 100mm to 200mm only 

increases the energy savings by a further 72kWh/year. Therefore, increasing the concrete floor thickness 

over 100-150mm seems to have a small effect on the overall energy performance of the building. 

Simulation results indicates that having an internal concrete floor is leads to more energy savings than 

having a ground concrete floor for the same thickness. The reason may be that the internal floor radiates 

heat to both the ground and first floor spaces of the house. However, it may not be possible to implement 

an internal ground floor due to the high investment costs associated. 

In addition to reduce heating energy needs in wintertime, a high thermal mass has also a positive effect 

in summertime. Comfortable temperatures during a typical summer week are more easily achieved with 

a higher thermal mass. A DesignBuilder simulation indicates that an internal concrete floor of 200mm 

reduces the cooling energy needs from natural ventilation by 8% and decrease the average indoor 

temperature for a typical summer week by 1°C in the bedrooms. 
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4.3.3 Windows efficiency 

This section proposes different type of common windows efficiencies to be assessed according to their 

impact on the heating load of the building. Both costs and U-values are given by windows manufacturers 

for all the windows options, except for the first two (single glazing and triple glazing) which are templates 

from DesignBuilder. The double glazed window with thermally broken aluminium (TBA) frame (U-value 

3.2 W/m²-K) is the most common type of window in New Zealand and is used as a baseline in the project. 

This windows option was quoted to $41,000 from Kaiapoi Aluminium Joinery LTD. Incremental costs for 

other options are based on the price. The expected lifespan of double glazing units is assumed to be 30 

years [38], which is used for the discounted life cycle cost analysis later in the report. 

Windows options Incremental 
costs 

($) 

Uw-value 
(W/m²-K) 

SHGC Energy 
consumption 
(kWh/year) 

Energy 
savings 

(kWh/year) 

Cost 
savings 
($/year) 

PBT 
(years) 

SG Clear 6mm (TBA) 
(DesignBuilder) 

- 6.12 0.81 13385 -1002 -300 - 

TG LoE Bronze Film 6/13mm Air (TBA) 
(DesignBuilder) 

- 1.20 0.18 12814 -431 -129 - 

DB Clear 4mm/12mm Air (TBA) 
(Kaiapoi Aluminium Joinery LTD) 

0 
 

3.12 0.70 12380 0 0 Baseline 

DB LoE 4mm/12mm Air (TBA) 
(Kaiapoi Aluminium Joinery LTD) 

2,000 2.56 0.58 12256 133 40 50 

DB LoE 4mm/12mm Arg. (TBA) 
(Kaiapoi Aluminium Joinery LTD) 

2,900 2.43 0.58 12177 206 62 46 

DB Clear 4mm/16mm Air (uPVC) 
(NK Windows) 

12,000 2.71 0.73 12045 338 102 118 

DB LoE 4mm/16mm Air (uPVC) 
(NK Windows) 

15,000 1.38 0.59 11715 668 201 74 

DB LoE 4mm/16mm Arg.  (uPVC) 
(NK Windows) 

16,000 1.17 0.59 11597 786 236 67 

DG LoE 4mm/20mm Arg (Timber) 
(ThermaDura) 

36,000 1.1 0.60 11524 869 261 138 

Table 35. Windows options and cost analysis 

 

Figure 60. Windows options and energy consumption, DesignBuilder 
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The results of the simulation shown in the figure below suggests that the lowest U-value of 1.1W/m²-K 

save up to 870kWh/year of heating electricity. The simulation also highlights the very poor performance 

of single glazing, and the option “TG LoE Bronze Film 6mm/13mm Air” demonstrates that attention must 

be paid to the Solar Heating Gain Coefficient property (or “G-value”) particularly for a house design relying 

that much on passive solar gains. 

However, the calculated payback periods suggest that none of the windows upgrades are economically 

attractive when considering an excepted lifetime of 30 years for the double glazing units. High 

performance windows are relatively new in New Zealand and the current energy codes may not contribute 

to the penetration of energy efficient windows into the New Zealand market. Therefore, the cost for 

energy efficient windows is relatively high compared to the standard aluminium windows. 

In addition to the glazing type, internal shadings must also be chosen with care. According to the Energy 

Efficiency and Conservation Authority (EECA), appropriate curtains can considerably reduce heat loss 

through double glazed windows. The curtains should be made from a thick thermally-backed material 

which “traps air” to provide a good insulation. The curtains should be as close as possible from the window 

pane, while overlapping both side of the window. Such thermal curtains can be of translucent fabric in 

order to allow daylight into the space, which could be used for the first floor where the living room and 

the kitchen are located. While a “blockout” fabric may be an adequate option for the bedrooms, as most 

of the light is be blocked. Higher efficiency is achieved when having pelmets (or “closed cornice”) as shown 

in section 2.4.2.5.   

4.3.4 Envelope insulation 

This section provides an overview of the main building component R-values. Different insulation 

thicknesses have been modelled and compared to the baseline case in term of potential energy savings. 

The insulation material is the same for walls, roof and ground floor, which is a fibre-free rigid thermoset 

phenolic insulation having a very low thermal conductivity of 0.021 W/m-K (approximately half of a 

standard insulation conductivity). The insulation costs have been provided to be about 30$/m² for a 25mm 

insulation, 43$/m² for a 50mm, and 65$/m² for a 90mm product. 

 

Insulation options Incremental costs ($/m²) 

25mm insulation (Baseline) 0 

50mm insulation  13 

90mm insulation 35 

140mm insulation 78 

180mm insulation 100 
Table 36. Incremental cost for different insulation options 
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4.3.4.1 External walls options 

External Wall Options 
85mm CLT + insulation 

Incremental 
cost ($) 

Energy 
Consumption 
(kWh/year) 

Energy 
savings 

(kWh/year) 

Cost savings 
($/year) 

Payback 
time 

(years) 

R2.1 – 25mm ins. 0 12,380 0 0 Baseline 

R3.5 – 50mm ins. 2,730 12,052 328 98 27 

R5.5 – 90mm ins. 7,350 11,886 494 148 49 

R7.9 – 140mm ins. 16,380 11,794 586 176 93 

R9.8 – 180mm ins. 21,000 11,753 627 188 111 
Table 37. External wall options and cost analysis 

 

Table 38. External wall options and energy consumption, DesignBuilder 

4.3.4.2 Roofs options 

Roof Options 
130mm CLT + insulation 

Incremental 
cost ($) 

Energy Consumption 
(kWh/year) 

Energy savings 
(kWh/year) 

Cost savings 
($/year) 

Payback time 
(years) 

R2.5 – 25mm ins. 0 12,380 0 0 Baseline 

R3.6 – 50mm ins. 1,391 12,206 174 52 26 

R5.5 – 90mm ins. 3,745 12,080 300 90 41 

R7.9 – 140mm ins. 8,346 12,010 370 111 75 

R9.8 – 180mm ins. 10,700 11,978 402 121 88 
Table 39. Roof options and cost analysis, DesignBuilder 

 

Figure 61. Roof options and energy consumption, DesignBuilder 
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4.3.4.3 Ground floor options 

For the ground floor, if the high thermal mass concrete option is chosen, the thickness is likely to be 

between 150mm and 200mm. The following table shows the heating load reduction achieved by both a 

105mm CLT and a 150mm concrete floor with different insulation thicknesses. If the concrete floor slab 

option is chosen, it is crucial to insulate the edges of the slab and not only underneath it, as a BRANZ study 

showed that 80% of the heat loss from a concrete slab occurs at the edges [39]. 

The investment cost is assumed to be the same for both the CLT panel floor and 150mm concrete floor 

slab, which is about 130$/m² [40]. 

Ground floor Options 
105mm CLT + insulation 

Incremental 
cost ($) 

Energy Consumption 
(kWh/year) 

Energy savings 
(kWh/year) 

Cost savings 
($/year) 

Payback time 
(years) 

R2.5 – 25mm ins. 0 12,380 0 0 Baseline 

R3.3 – 50mm ins. 1,274 12,258 122 36 34 

R4.1 – 90mm ins. 3,430 12,169 211 63 54 

R4.7 – 140mm ins. 7,644 12,121 259 78 98 

R5.0 – 180mm ins. 9,800 12,099 281 84 116 
Table 40. CLT ground floor options and cost analysis 

Ground floor Options 
150mm concrete + ins. 

Incremental 
cost ($) 

Energy Consumption 
(kWh/year) 

Energy savings 
(kWh/year) 

Cost savings 
($/year) 

Payback time 
(years) 

R2.5 – CLT + 25mm ins. 0 12,380 0 0 Baseline 

R1.5 – 25mm ins. 0 12,283 97 29 0 

R2.7 – 50mm ins. 1,274 12,087 293 88 14 

R4.6 – 90mm ins. 3,430 11,988 392 117 29 

R7.0 – 140mm ins. 7,644 11,940 440 132 57 

R8.9 – 180mm ins. 9,800 11,921 459 138 71 
Table 41. Concrete ground floor options and cost analysis 

 

Figure 62. Ground floor options and energy consumption, DesignBuilder 
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4.3.5 Electric Loads 

The table below provides a comparison of main conventional and energy star appliances. Those are 

estimated values and are used to understand the impact of different appliances efficiency on the overall 

energy consumption of the building. The lifespan for the appliances considered below is assumed to be 

15 years [41]. 

 
Conventional appliances 

(Baseline) 
Energy Star appliances 

(High eff. appliances scenario)   
Payback time 

Appliance 
Investment 

($) 
Energy 

(kWh/year) 
Operational 

costs ($/year) 
Investment 

($) 
Energy 

(kWh/year) 
Operational 

costs ($/year) 

Fridge  
and Freezer 

1,120 509 153 1,570 356 107 9.8 

Dishwasher 310 330 99 450 282 85 10.1 

Clothes 
Washer 

620 477 143 770 128 38 1.4 

Total 2,050 1,316 395 2,790 769 231 4.5 
Table 42. High efficiency appliances options and cost analysis, [42] 

Switching from 60W traditional incandescent light bulbs to 15W CFL can generate approximately 75% 

energy savings according to the US department of energy. The following table provide some estimates 

regarding the potential energy saving of using CFL and LED light bulbs over the standard incandescent 

type for the CLT building. For the cost analysis, lighting is assumed to be switched on about 4.5 hours a 

day, in accordance with the model assumption set in section 3.2.3. 

 
60W Incandescent  

(baseline) 
14W CFL 10W LED 

Approximate cost per bulb ($ NZ) 1.5 3 11 

Average lifespan (hours) 
1,200 

(~1 years) 
8,000 

(~5 years) 
25,000  

(~15 years) 

Nb of bulb for 15 years’ usage 21 3 1 

Capital cost over 15 years for 30 bulbs ($ NZ) 945 270 330 

    

Total lighting power with 30 bulbs (W) 1,800 420 300 

LPD (DesignBuilder input in W/m²) 10 2.3 1.5 

Annual lighting energy (kWh) 2400 750 490 

Operational costs over 15 years for 30 bulbs 10,800 3,375 2,205 

    

Life cycle cost over 15 years 11,745 3,645 2,535 
Table 43. Lighting options and cost analysis [43] 
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4.3.5.1 HVAC and Hot water system 

Heat Pump system17 6kW Standard HP 6kW Efficient HP 6kW High Efficiency HP 

Cost (NZ $) 2000 2500 3600 

Annual COP 2.5 3.0 3.5 

Building energy consumption (kWh/year) 12,380 12,231 12,117 

Energy savings (kWh/year) 0 149 263 

Cost savings ($/year) 0 44.7 78.9 

Payback time Baseline 17 22 
Table 44. Heat pump options and cost analysis 

Hot water system 
Hot water cylinder, 
300L capacity 

Heat pump water heater,  
3.5kW rated output 

Cost (NZ $) 1800 4500 

Efficiency 0.67 2.5 

Electricity consumption  
for DHW (kWh/year) 

5223 1400 

Cost for DHW ($/year) 627 420 

Payback time (years) Baseline 13 
Table 45. Hot water system options, Hot water shop [44] 

The air source heat pump water heater model is presented with a COP of 3.8, but an efficiency of 250% is 

assumed instead to account for the seasonal performance in Christchurch and the distribution losses. 

Night rates applies for the hot water cylinder at 12cents/kWh [37]. All heat pumps are assumed to have a 

lifespan of about 20 years [41]. 

  

                                                           
17 To get COP vs Investment cost values, the efficient model is chosen to be a Mitsubishi electric Classic GE50 while 
the high efficiency one refers to a FH50 model. 
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4.4 COST-BENEFIT ANALYSIS AND FINAL DESIGN RECOMMENDATION 
The main goal of this section is to perform a cost-benefit analysis using discounted net present values 

calculation for each of the design options presented in the previous part. Then a set of alternatives will be 

selected, and the overall energy efficiency of the improved building is compared with the baseline case.  

Table 46 lists all the proposed measures to reduce energy consumption. Incremental costs refer to the 

upgrade costs compared to the baseline. Those are used along with the potential costs savings to calculate 

the net present values for various time horizon. The overall idea of such cost benefit assessment is that 

$1 today is worth more than $1 in the future. Net present values are used to determine the cost-benefits 

of a particular investment over its lifetime, using the following formula: 

𝑁𝑃𝑉 = −C0 +  ∑
Ci

(1 + 𝑟)𝑖

𝑇

𝑖=1

 

Where C0 is the initial investment (or incremental cost in the table below), Ci is the cost savings achieved 

at year 𝑖 from this investment, and 𝑇 is the total time considered (usually the total lifetime of a project). 

In the formula, the variable 𝑟 refers to the interest rate of the cash flow. The New Zealand treasury advises 

that such project should be assessed with a discount rate of 3% [45]. However, the net present value 

calculation could be more accurate using a forecasted electricity price instead of the fixed $0.3/kWh 

assumption. 

An investment is considered acceptable if the net present value is positive over its lifetime. Therefore, net 

present values will be calculated over 60 years for insulation options (corresponding to the expected 

lifetime of the building [36]), over 30 years for windows options, etc.  
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     Net Present Values for Various Time Horizons  

Incremental 
Costs 

($) 

Total energy 
consumption 
(kWh/year) 

Energy 
savings 

(kWh/year) 

Cost 
savings 
($/year) 

 
5 yr. 
($) 

 
10 yr. 

($) 

 
15 yr. 

($) 

 
20 yr. 

($) 

 
30 yr. 

($) 

 
60 yr. 

($) 

 
Cost 

effective?  

Baseline 0 12,380 0 0 - - - - - - - 

DB LoE + Arg. (TBA) U2.43 2,900 12,177 206 62 -2,609 -2,345 -2,106 -1,889 -1,516  No 

DB LoE + Arg.  (uPVC) U1.17 16,000 11,597 786 236 -14,889 -13,882 -12,970 -12,144 -10,719  No 

DG LoE + Arg (Timber) U1.1 36,000 11,514 869 261 -34,771 -33,658 -32,650 -31,737 -30,161  No 

Ext. Walls R3.5 50mm ins. 2,730 12,052 328 98 -2,268 -1,850 -1,471 -1,128 -535 677 Yes 

Ext. Walls R5.5 90mm ins. 7,350 11,886 494 148 -6,652 -6,021 -5,448 -4,930 -4,035 -2,205 No 

Ext. Walls R7.9 140mm 16,380 11,794 586 476 -15,551 -14,801 -14,121 -13,505 -12,443 -10,269 No 

Roof R3.6 50mm ins. 1,391 12,206 174 52 -1,146 -924 -723 -541 -226 417 Yes 

Roof R5.5 90mm ins. 3,745 12,080 300 90 -3,321 -2,937 -2,589 -2,273 -1,729 -617 No 

Roof R7.9 140mm ins. 8,346 12,010 370 111 -7,823 -7,349 -6,920 -6,531 -5,860 -4,488 No 

GF R3.3 CLT + 50mm ins. 1,274 12,258 122 36 -1,095 -933 -786 -653 -423 47 Yes 

GF R4.1 CLT + 90mm ins. 3,430 12,169 211 63 -3,133 -2,864 -2,620 -2,400 -2,019 -1,240 No 

GF R4.7 CLT + 140mm ins. 7,644 12,121 259 78 -7,276 -6,943 -6,642 -6,369 -5,897 -4,933 No 

GF R1.5 Conc. + 25mm 0 12,283 97 29 137 260 373 474 649 1,008 Yes 

GF R2.7 Conc. + 50mm 1,274 12,087 293 88 -859 -484 -143 165 697 1,785 Yes 

GF R4.6 Conc. + 90mm 3,430 11,988 392 117 -2,879 -2,379 -1,927 -1,517 -810 637 Yes 

GF R7.0 Conc. + 140mm 7,644 11,940 440 132 -7,022 -6,458 -5,948 -5,486 -4,688 -3,056 No 

ES refrigerator 450 12,227 153 46 -233 -37 141       Yes 

ES dishwasher 140 12,332 48 15 -69 -5 53       Yes 

ES clothes washer 150 12,031 349 105 345 793 1,199       Yes 

All ES appliances 740 11,833 547 164 33 733 1,367       Yes 

100% CFL 45 10,730 1,650 495 2,500           Yes 

100% LED 285 10,470 1,910 573 2,628 5,266 7,656       Yes 

Efficient Heat pump 6kW 800 12,231 149 45 -288 -96 78 236     Yes 

High Eff. Heat pump 6kW 1800  12,117 263 79 -1,228 -890 -585 -308     No 

Heat pump water heater 2700 8,557 3,823 207 -1,724 -841 -40 685     Yes 

Combined measures 51,035 4,860 7,520 1,316 -44,832 
 

-39,213 
 

-34,124 
 

-29,515 
 

-21,559 
 

-3,286 
 

Acceptable 

Table 46. Net present values for the proposed design alternatives 

Overall, it can be seen that insulation levels and windows options lead to less energy savings for higher 

capital costs, compared with lighting, appliances and HVAC options. This is because insulation levels and 

windows only affect the heating load, which is not the main electricity end-use as shown in the annual 

electricity breakdown graph (Figure 63), where heating energy accounts for only 13% of electricity 

consumption, while domestic hot water (42%), appliance electricity (24%) and lighting energy (19%) 

account for most of the energy needs. 

This explains why the results for the windows options are rather disappointing. Windows are the thermally 

weakest component of the envelope building (as shown in DesignBuilder simulations), so they were a 

promising component for achieving better efficiency. Windows upgrade options can still reach 

considerable energy savings, about 800kWh/year with Double Glazed Low E + Argon gas with uPVC frames, 

compared with the baseline case. The main problem is the high capital costs of energy efficient windows 

in New Zealand. 

The costs analysis shows that 50mm Kingspan insulation is generally the only cost effective option, except 

for a concrete ground floor slab where up to 90mm seems like an acceptable alternative. The results for 

those different insulation thickness are somehow contradictory with the principle of “the higher insulation 

the better”, and shows a cost-benefit optimum. However, only 3 other insulation thicknesses were 

compared with the baseline in this analysis. A more accurate cost benefit analysis could be carried out 
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with more insulation options (more options between 50mm and 90mm for instance). In addition, the 

analysis shows that upgrading insulation only yields to low benefits over the lifetime of the building. Net 

present values for insulations options are around $500-$1000 over 60 years, which seems little for such a 

high investment costs. As explained earlier, heating needs simulated for the building are already low, 

therefore increasing insulation only results in limited cost savings.  

Energy star appliances are a good investment when compared with the baseline case, as a net present 

value of about $1,300 can be achieved over the lifespan of the equipment. Switching to an energy efficient 

lighting system is also crucial. According to the analysis, about $2,500 could be saved with CFL lightbulbs 

over 5 years, while $7,500 savings are achieved over 15 years when using LEDs. An efficient heat pump is 

preferred and can generate costs savings over its lifetime, but in this study the high efficiency heat pump 

does not seem to be an acceptable investment. It is however highly dependent on the heat pump cost 

and COP, and therefore results may vary greatly from a model to another. Finally, the air sourced heat 

pump water heater appears to be an excellent investment compared to the hot water cylinder option. 

Especially since the hot water cylinder was assumed to benefit from night rates electricity costs. 

From this cost benefit analysis, design options having a positive net present value over their lifetime were 

chosen to constitute a final design proposal. An exception is made for the windows, were all upgrade 

options show a negative present value over 30 years. Hence, the double glazed windows with Low E 

coatings, Argon gas filled, and uPVC frames is chosen for the improved scenario. This glazing alternative 

is assumed to be a good compromise between energy efficiency and investment costs.  The final design 

includes the following upgrades: 

Windows Double Glazing LoE + Arg.  With uPVC frame (U1.17) 

External Walls 105mm CLT + 50mm Kingspan (R3.5) 

Roof 130mm CLT + 50mm Kingspan (R3.6) 

Ground floor 150mm Concrete + 50mm Kingspan (R2.7) 

Appliances All Energy Star 

Lighting All CFL 

Heating system Efficient Heat Pump (SHPF=3) 

Domestic hot water production Air sourced heat pump water heater 
Table 47. High efficiency scenario for the CLT building proposed design 

The improved efficiency scenario is modelled in DesignBuilder and a net present value is calculated over 

the building lifespan (Table 46). The calculations include any investment over 60 years, for instance CFL 

lightbulbs are replaced every 5 years, windows after 30 years, etc. But all the capital costs are assumed to 

occur at year 0 in order to simplify the calculations. Over 60 years, the proposed options accounts for a 

total increased capital cost of about $51k. 
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The improved case model for the CLT building is simulated by DesignBuilder and a total energy 

consumption of 4,860kWh/year is calculated by the software. This is a remarkable 60% energy saving over 

the baseline case. The new electricity breakdown is compared to the baseline and shown in the graph 

below. 

 

Figure 63. Energy use comparison between baseline and proposed design 

The net present value of the combined measure scenario is almost null over the lifetime of the building, 

showing that the investment is acceptable: it doesn’t allow to make profit from it, but about 7,500kWh 

of electricity is saved each year.  
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4.5 LIFE CYCLE COST ANALYSIS AND PROJECT FEASIBILITY 
This section undertakes a discounted life cycle cost analysis for the following building models: 

 Reference building (typical timber framed NZ house) 

 Baseline of CLT building 

 Proposed improved design of CLT building 

A life cycle cost analysis is used to determine the full cost of the building options, including capital costs 

such as materials and the construction process, from the maintenance and replacement costs of defected 

equipment, to the operational costs related to energy consumption. It includes the effect of inflation with 

a discount rate. 

The expected lifetime of the three building is assumed to be 60 years. The maintenance and replacement 

costs of defected equipment are assumed to occur at year 0, and are referred as “maintenance & 

replacement costs” in the table below. 

Yearly discounted operating costs are then added to the total investment over a 60 years’ period. As with 

the previous section, the real discount rate is assumed to be 3% [45]. Results are shown in the graphs 

below. 

 Reference Building CLT Building Baseline CLT Building Improved eff. 

Construction costs $250,000 $585,000 $585,000 

Maintenance/Replacement costs 
over 60 years 

$35,000 $58,500 $110,300 

Total investment  
over 60 years 

$285,000 $643,500 $695,300 

Operating costs $3,058/year $3,927/year $2,611/year 
Table 48. Capital costs and Operating costs 

 

Figure 64. Discounted Life Cycle Costs for the three buildings options 



73 
 

 

 

The graph below is exactly the same as above but lifetime costs are divided by the floor area to allow a 

direct comparison of CLT building options with the reference building. 

 

Figure 65. Discounted Life Cycle Costs per floor area for the three buildings options 

The analysis suggests that the overall cost per square meter is approximately the same for the three 

buildings. The energy efficient design option of the CLT is the most expensive: the curve starts at a higher 

position on the chart, but rises more slowly than for the other options, due to lower energy consumption. 

Surprisingly all the three curves cross approximately at the same period (year 27). This can be seen as a 

payback period: after year 27, the baseline CLT option becomes more economically attractive than the 

reference timber framed house. From this same year, the improved design CLT option becomes cheaper 

than the baseline case for the CLT building. 
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5 DISCUSSION AND CONCLUSIONS 

5.1 GENERAL CONCLUSIONS 
The literature section of the report reviewed the overall poor thermal comfort in New Zealand dwelling, 

with low indoor temperatures and spot heating habits. Even after the mandatory insulation requirements 

since 1978, insulation levels in New Zealand houses are lower compared with other countries having 

similar climate. The relatively low stringency of the New Zealand energy codes, the lack of incentives and 

the limited technology available does not encourage sustainable building projects across the country. For 

instance, high performance air conditioning systems or high performing windows are often imported from 

Europe, resulting in much higher capital costs for energy efficient building projects.   

However, this thesis project demonstrated that it is possible to build better quality dwellings having a 

similar life cycle costs. Although Cross Laminated Timber buildings seems to be more expensive to build 

in comparison with timber framed houses, the lower operational costs over the building lifetime balances 

high capital costs. The cost analysis part of the report demonstrated that the lifetime cost per floor area 

of the CLT building becomes lower after 27 years of operation, when comparing with a typical New 

Zealand house. The analysis suggests that the life cycle cost of the CLT building is 14% less than that of the 

reference building. The proposed improved design reaches about 22% costs savings over the entire 

building lifetime, compared again with the reference building. 

It must be noted that CLT constructions are still very new in New Zealand. One of the main advantage of 

CLT buildings is the reduced construction time. However, this does not seem to be currently the case all 

over New Zealand. At the moment, most builders in Christchurch are not familiar with the product and 

are not able to precisely plan the construction process and predict associated costs. In the near future, 

more accessible prices are likely to occur and could make CLT residential projects even more cost-

competitive. 

Regarding energy efficiency, the main advantage of CLT lies in its remarkable airtightness and this have 

been confirmed through energy analysis. Indeed, this property reduces significantly the heating load 

according to DesignBuilder simulations. A CLT envelope combined with an airtightness membrane layer 

can achieve a very airtight building, which is a key feature in energy efficiency. 

The thesis also highlighted the benefits of passive solar design through both a literature review and an 

energy modelling approach. The proposed CLT building is entirely designed around passive design 

strategies, allowing the house to collect as much solar gains as possible in winter and therefore reducing 

heating energy needs. Energy modelling was used to confirm that the best design for harnessing passive 

gains was reached. For instance, parametric analysis on building orientation, external shadings depth, and 

thermal mass options demonstrated that a large glazing area on the north face with a high thermal mass 

concrete floor could reduce considerably the heating load, while fixed overhangs limits overheating risks 

in summer.  Furthermore, building performance was optimized by prioritizing investments in the design 

options having the greatest effect on the building overall energy consumption. Those design options 

included insulation thicknesses for various building elements, lighting fixture options, as well as HVAC and 

domestic hot water systems options. 

By using such approach, the thesis confirmed that energy modelling is best used when implemented as 

early as possible in the construction process. Indeed, during the conceptual phase of the design, energy 
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tools can be used to quickly assess building design options such as the building shape, orientation, location, 

the room layout, windows sizes and positions, etc. This instant feedback is hugely valuable as those first 

building features will considerably affect the building performance. As the design progress, changes are 

more difficult and expensive to implement.  

It is however important to note that the CLT building model created for this thesis project should not be 

used as a predictive energy model. Instead, a comparative approach is adopted in order to assess relative 

changes in energy consumption between different design options. Although most of the model inputs 

were validated using a calibration method with a reference building, they still rely on assumptions for 

occupant behaviours (schedules for occupancy, lighting, natural ventilation, HVAC set points, etc.). In 

addition, it seems difficult to accurately predict the energy performance of such building since the design 

relies heavily on external variable conditions such as solar gains availability. 

5.2 THESIS LIMITS 
The thesis has a number of limits. The most obvious one is the lack of HVAC options considered in the 

design alternatives part. The work focused on the building envelope itself, such as windows efficiencies 

and insulation levels.  Indeed, only different air sourced heat pumps models were considered in the 

project, from a standard model to a highly efficient one. The main reason is that the CLT house is more 

likely to be equipped with such system where upfront costs are much lower than other heating systems. 

However, it would have been interesting to evaluate the impact of more advanced heating systems such 

as underfloor heating or hydronic radiators coupled with a ground source heat pump for instance. 

Renewables options such as solar thermal for hot water production or PV panels could have been 

considered as well. 

Another limit of the thesis work is that environmental aspects were not considered. The results are 

focused toward costs since it is more appropriate for the decision maker in charge of the project. An 

advantage of the CLT construction is the very low embodied carbon compared with concrete and steel 

options. Hence, a comparative environmental study would have been relevant in the case of a commercial 

CLT project. 

The energy model and simulations present some limitations. Although a calibration method is used to 

determine accurate model inputs, the reference building was not a CLT house type, nor had the same size. 

Therefore, some model inputs may not be quite appropriate for both houses. In addition, energy results 

are highly sensitive on the actual air leakage rate of the model, which is the key feature of the CLT 

envelope. Unfortunately, such value is problematic to assume, and can only be determined by an air 

blower door test. Although the CLT panels are inherently airtight, the actual air leakage rate of the building 

will be determined by the builder skills to connect the panels and create a tight envelope. Finally, the 

energy simulations did not include small details such as the colour of ceiling, walls, and floors, which 

impact the daylighting performance and solar gain absorption. In order to avoid any major simulation 

errors, another energy analysis tool could have been used to compare and validate the results. 

The cost-benefit analysis has some limitation since only limited design options from limited manufacturers 

were analysed. For instance, it may have been possible to find cheaper windows or insulation for the same 

efficiency. It could heavily impact the net present values calculations and payback period of a building 

design feature. In addition, the quote provided for the CLT building construction is an estimate only, and 

a potential increased capital costs could adversely affect the results. Lastly, although an accurate discount 
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rate value was found from the New Zealand treasury website, the whole costs analysis would have been 

more accurate using a forecasted electricity price rather than a fixed $0.3/kWh. 

5.3 SUGGESTION FOR FUTURE WORK 
There are a number of opportunities for research in the field. First, this thesis would could be pursued 

after the building construction for a measurement and verification assessment. Such work would measure 

the actual performance of the building when operating, and calibrate the energy model using utility costs 

data, occupant surveys, and measured data on site (HVAC consumption, DHW consumption, etc.). This 

predictive model, once calibrated, will be able to determine and forecast precisely the heating energy 

needs of the building. Knowing such information, the energy modeller could propose adequate alternative 

HVAC options for this specific building design, if it was to be built again on another site. 

Another future work suggestion is to evaluate the life cycle cost of a timber framed building having higher 

insulation than the NZBC requirements, via the same method used in the report. As discussed previously, 

the current construction costs for a CLT building are quite high at the moment since most builders are not 

familiar with the product yet. In addition, the reduction in construction time promised by the CLT industry 

seems to be easier to achieve with commercial projects rather than residential constructions.  Therefore, 

timber framed houses having similar insulation levels and airtightness properties could be a better 

alternative for now. An energy efficient timber framed building could certainly achieve the same low 

operational costs while having a lower investment charge. 
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