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Part 1 – The buildings



Methodology

192 deep retrofit scenarios

• 4 typologies – Specific buildings representing 4 eras

• 4 climates – Auckland, Wellington, Christchurch, Queenstown

• 4 thermal envelope standards – Baseline, H1, Homestar 6, EnerPHit

• 3 heating schedules



Methodology – Typologies

HP in living areas (COP = 3.75 @ 8degC), electric resistance in bedrooms



Methodology – Thermal envelope standards

4 thermal envelope standards modelled

• Baseline – different for each typology

• H1 – heating load for typology to H1/AS1

• Homestar 6 – 40-90 kWh/m2 heating load

• EnerPHit – 20-25 kWh/m2 heating load



Methodology – Heating schedules

• Heating schedules significantly influence economics

• ‘Realistic’

• Living areas: 20°C morning + evening + daytime at weekend

• Bedrooms: 18°C morning + evening

• ‘Idealistic’

• As realistic + bedrooms 16°C overnight

• ‘Underheated’

• As realistic but 16°C for living areas and 14°C for bedrooms

• 24/7 20°C for whole house when determining retrofit requirements to H1, 

Homestar 6 and EnerPHit standards





Results – Cost/performance optimisation



Results – Cost, carbon, and kWh



Part 2 – Cost-benefit analysis



Methodology – CBA

• Detailed modelling of time of use electricity consumption ($ and carbon)

• Modelling of health benefits (via takeback)



Methodology – ToU demand

• Modelling matched to observed using MBIE, 

EECA and Transpower data

• 15% downscaling on annual

• 63% downscaling on peak (diversity)

• Average summer and winter week

 

    

    

    

    

    

    

    

  
   
 

  
   
 

  
   
 

  
   
 

  
   
  

  
   
  

  
   
  

  
   
  

  
   
 

  
   
 

  
   
 

  
   
 

  
   
  

  
   
  

  
   
  

  
   
  

  
   
 

  
   
 

  
   
 

  
   
 

  
   
  

  
   
  

  
   
  

  
   
  

  
   
 

  
   
 

  
   
 

  
   
 

  
   
  

  
   
  

  
   
  

  
   
  

  
   
 

  
   
 

  
   
 

  
   
 

  
   
  

  
   
  

  
   
  

  
   
  

  
   
 

  
   
 

  
   
 

  
   
 

  
   
  

  
   
  

  
   
  

  
   
  

  
   
 

  
   
 

  
   
 

  
   
 

  
   
  

  
   
  

  
   
  

  
   
  

 
 
 
  
  
 
  
 
 
  
  
  
  
  
  
  
  
  
 
 
 
  

                          

                                                                   



Methodology – ToU generation and network costs

• Generation prices based on historic with future 

assumptions

• Within-day and within-year ‘shapes’ applied

• Network costs as follows:

• $125/kW/year for changes in peak demand

• $6.5/MWh for changes in annual demand

 

  

   

   

   

   

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
 
 
  
  
  
  
  
 
 
 
  

       

       

                     



Methodology – Health benefits

• Assumed distributions for health cost 

vs indoor temperature

• Indoor temperatures matched to 

heating schedules

• Takeback assumed up 22°C living 

temperature and current energy costs

  

  

  

  

  

  

  

  

  

  

   

   

   

   

   

   

   

   

   

   

   

                

  
  
  
  
  
  
  
  
  
  

 
  
  
  
  
  
 

                              

                   

                      

                    

                     



Caveats:

Costs as modelled do not consider 
‘w                 w  ’

Benefits as modelled include health, 
but not wellbeing



Net present value (5% discount)

• Blue = cost of retrofit

• Red = NPV electricity supply benefit

• Green = NPV health benefit

• Black dot = net

• 1 retrofit standard – H1

• 1 typology

• 4 heating schedules

• 4 climates



Net present value (5% discount)



Carbon

• Blue = embodied carbon

• Red = electricity generation emissions

• Black dot = net

• 1 retrofit standard – H1

• 1 typology

• 4 heating schedules

• 4 climates



Carbon

    

    

    

    

    

    

    

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
 
  
 
 
 

                             

                                          
                          

                     



Carbon



Carbon – $/tCO2e (5% discount)



Part 3 – Conclusions



Conclusions

• Results are strongly scenario-specific

• Typology, climate, and heating schedule are all determinants

• H1 generally the best, but MVHR on EnerPHit worthy of consideration

• Embodied carbon of some building products can annul carbon benefits in 

some situations
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