
Figure 3.  NPV of a 3.5kW PV system calculated from load profiles of 18, 
522 New Zealand households as a function of system cost. The median is 

the red line, the blue boxes are the 25th and 75th percentile.
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Figure 4.  NPV of a 3.5kW PV system calculated from load profiles of 230 
Marlborough households as a function of system cost. The median is 

the red line, the blue boxes are the 25th and 75th percentile. 

Region
Number of

Load 
Profiles

Percentage 
of Occupied 

Dwellings
Sampled

PV Capacity 
Factor

PV System Cost 
at which 

median NPV is 
zero ($/Wp) 

Northland 548 0.91% 0.159 2.81

Auckland 4085 0.86% 0.153 2.25

Waikato 2535 1.66% 0.150 2.38

Bay of Plenty 549 0.53% 0.155 2.56

Gisborne 0 0.00% 0.164 3.23

Hawke’s Bay 565 0.97% 0.163 2.79

Taranaki 647 1.49% 0.153 2.41

Manawatu-
Whanganui

583 0.66% 0.150 2.28

Wellington 3557 2.00% 0.155 2.28

Nelson 44 0.23% 0.176 3.04

Tasman 15 0.08% 0.175 2.81

Marlborough 230 1.26% 0.164 2.96

Canterbury 2212 1.06% 0.147 2.75

West Coast 140 1.01% 0.153 2.74

Otago 2796 3.45% 0.135 2.36

Southland 16 0.04% 0.131 2.13

Table 1.  Number of load profiles of households by region, percentage 
of the occupied dwellings of that region (from 2013 Census), PV 
Capacity factors and the PV system cost at the point where the median 
NPV is zero ($/Wp) by region.

Hypothesis: What would PV generation look like in New Zealand if 
every household installed a PV system when it became financially 
advantageous to do so?

The installation of roof-top solar photovoltaic (PV) systems after an initial exponential growth rate, 
appears now to be growing steadily as shown in Figure 1.  Installed capacity increased by 44% in the past 
year1, climbing to 44 MW, 0.5% of New Zealand’s total generation capacity.  Alongside this, PV costs have 
been steadily declining, (78% from 2006 to 2014) and are forecast to continue to fall2.  These factors point 
to significant future growth.  This paper seeks to provide an economic model to predict PV uptake in the 
residential sector in New Zealand which makes up 90% of the installed PV. 
1Electricity Authority’s EMI reports (http://www.emi.ea.govt.nz)
2Solar Cell Central http://solarcellcentral.com/cost_page.html

Method & Assumptions:
Load Profiles: Over 18,000 half-hourly load profiles over a year were obtained from three electricity 
retailers on an anonymised basis.

PV Generation Profiles:  Hourly generation profiles for each region over a year were calculated from 
irradiance data obtained from NIWA’s Typified Meteorological Year data set.  The irradiance data is 
then converted into a 1kW PV reference system via the full SoL model3 that takes into account the 
irradiance onto the plane of the PV array, and various derating factors of the PV system e.g. wiring 
losses, cell-mismatch and panel degradation etc. This is interpolated into half hourly values to match 
the load profile sample duration.  Key assumptions are summarised in Figure 2.

Revenue Calculation: For each household, the yearly revenue was calculated, consisting of: 
• the avoided cost of consuming imported power, assuming a 1.5% increase in electricity per annum,
• revenue from the exported electricity over and above that used by the household, assuming a 0.5% 

increase per annum in the export price over the 25 year analysis period.

Expenses: The PV system expenses were calculated per household, including initial capital cost (varied 
between 1 and 4.5 $/Wp), operation and maintenance costs, and incorporated a replacement inverter 
at a cost of 0.5 $/Wp after 15 years.  

Net Present Value (NPV)
per household:

Figure 2: Graphic of a household with a grid-connected Photovoltaic (PV) roof-top array 
and associated simulation assumptions.

Figure 5. Potential peak installed capacity of residential PV for NZ as a function of system cost if 
all households with a positive NPV installed a 3.5kW PV system.

Resultant Potential PV Uptake:
To estimate an optimistic PV uptake scenario, each household with a positive NPV is assumed to install a PV 
system. Peak generation per region is calculated assuming that the sample load profiles are representative of that 
region (Table 1 provides the percentage of occupied dwellings sampled).  The percentage of positive NPV’s of the 
total load profiles for that region is multiplied by the number of dwellings in the region and installation of an 
average 3.5kW PV system is assumed.  Figure 5 plots the estimated generation for NZ at system costs between 1 to 
4.5 $/Wp.  Looking at the curves it is clear a sharp uptake occurs as system costs drop below 3 $/Wp. Currently 
system costs are in the region of 3 to 3.5$/Wp, which corresponds to an estimated installed  capacity of between ~ 
250 - 850MW, a factor 10-20 times higher than the currently installed capacity of 44 MW (at 30 September 2016).
The large disconnect between what is financially viable compared to actual uptake is expected when social and 
cultural issues are taken into account.  For example, investment in PV is really only attractive to home-owners, 
suitable roof space is not always available, for example for multi-story apartments, and dense housing may have 
shading issues.  A lack of knowledge of the benefits to be gained with PV, inability to access capital for investment 
in PV and inertia are additional barriers expected to reduce PV uptake substantially when compared to a simple 
financial analysis.  This analysis however gives a useful upper bound to residential PV Uptake.

Resultant Net Present Value (NPV) versus System Costs
Figure 3 shows a box and whisker plot of the distribution of NPV’s calculated for over 18,000 households across New Zealand. 
Nationally the median NPV of zero occurs at a system cost of ~ 2.4 $/Wp.  By looking at the NPV’s on a regional basis, it becomes 
clear PV is financially viable at higher system costs for some regions.  For example, Figure 4 shows the NPV distributions for 230 
Marlborough households.  The zero median NPV point occurs at 3 $/Wp, owing to Marlborough’s high irradiance (see the Capacity 
Factors in Table 1) and marginally higher than average retail pricing.  The regional median NPV zero points are given in Table 1.

N = the number of years for the analysis (25 years), 
r = the discount rate (6% is assumed)
I = the initial investment
Revenuei = the revenue for the ith year
Costi = the cost for the ith year
(Zero salvage value is assumed)

3Santos-Martin, D. Lemon, S. (2015). SoL – A PV generation model for grid integration analysis in distribution networks, Solar Energy 120 (2015) 549–564.
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Figure 1. Cumulative Solar Uptake in NZ, January 2009 to September 2016.
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