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The resource

The figure compares the 2009 
and expected 2050 annual 
energy consumption of the 
world to 

(1) the known reserves of the 
finite fossil and nuclear 
resources and 

(2) the yearly potential of the 
renewable alternatives. 

• Sun ~ 1000 x world energy 
demand

• 6 hr of sun ~ 1 yr of world 
energy demand

• All petroleum < 4 days of sun

• All coal ~ 2 weeks of sun



The resource



The resource
The solar spectrum is similar 
to that of a black body with 
temperature about 5778K.

• 52-55% infrared

• 42-43% visible

• 3-5% UV

• 1361 W/m2 at the top of 
the atmosphere, direct 
radiation

• Absorption bands mainly 
from ozone, oxygen, water 
vapour, carbon dioxide



Capturing solar energy

• Heat – through absorption

• Pools

• Sanitary water

• Drying (water evaporation) e.g. crops, other foods

• Passive space heating

• Mechanical work -> electricity (solar thermal electricity / 
concentrating solar power)

• Photoreaction

• Photosynthesis

• Photovoltaic effect



Solar photovoltaics (PV)

• Absorption of incident photons to 
creates electron-hole pairs.

• Electron-hole pairs will be generated in 
the solar cell (provided that the 
incident photon has an energy greater 
than that of the band gap).

• The pair is separated by due to the 
electric field existing at the p-n 
junction -> electrons flow one way, 
holes the other



PV technologies
Most widely used and developed in the world: 

94% of global production in 2016

Efficiency: 16-18%.

6% of global production in 2016

Costs less in energy and material than c-Si 
(above)

Efficiency: 12-16%

Still under development!

Aim: high efficiency using materials that are 
non-toxic and abundant

Efficiency: 20-60%

Crystalline 
Silicon PV
(c-Si)

Thin films
(a-Si, CdTe,
CIGS)

Concentrating 
solar PV / 
advanced thin 
films





Environmental, health and safety 
challenges

Silicon based PV – similar hazards to microelectronics industry

– Silane gas (explosive), silicon tetrachloride (extremely toxic), sulphur 
hexafluoride (GHG 25000 x CO2), sulphur dioxide (acid rain) used in Si 
production process

– Sodium hydroxide, potassium hydroxide (dangerous to eyes, lungs, skin) 
used to remove sawing damage on silicon wafer surfaces

– Hydrochloric, sulphuric, nitric acid, hydrogen fluoride (corrosive chemicals) 
used to remove impurities

These are all well known chemicals that can be handled safely if appropriate 
environmental and occupational health and safety standards are in place.

We don’t have the best product yet!



Is solar an environmentally 
friendly choice for New Zealand?

Source: Concept Consulting Group Ltd, 2016.

Background:



Life cycle assessment exercise



Life cycle assessment exercise, 
including natural gas



Concentrating solar power 
(solar thermal electricity)

• Generating solar power by using mirrors or lenses to concentrate a large 
area of sunlight, or solar thermal energy, onto a small area.

• Electricity is generated when the concentrated light is converted to heat, 
which drives a heat engine (usually a steam turbine) connected to an 
electrical power generator.



Large solar power plants



Large solar power plants

“the largest single-
site project will 
generate 700 
megawatts (MW) of 
power when 
completed”
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Solar PV in 
the world

Source: IRENA, 2018.



PV Costs:
Modules

Source: IRENA, 2018.

European solar PV module 
prices by technology and 
manufacturer

Average yearly module 
prices by market in 2015 
and 2016

• Reduction in 
processing costs

• Fall in polysilicon costs
• Improvement in PV 

efficiencies



PV costs:
installed

Source: IRENA, 2018.

Total installed costs for utility-scale solar PV projects and 
the global weighted average, 2010-2017



PV costs:
breakdown

Source: IRENA, 2018.

Detailed breakdown of utility-scale solar PV costs 
by country, 2016



CSP in the world

Source: IRENA, 2018.



CSP costs: installed and CF

Source: IRENA, 2018.



CSP costs: installed (over time)

Source: IRENA, 2018.



Levelised cost of energy

Source: IRENA, 2014.



Solar energy in New Zealand



Installed solar capacity

Installed solar capacity, 
New Zealand

Dec 2017
67 MW

Industrial

Commercial

SMEs

Residential

52.9 MW
15 411 ICPs

6.5 MW
713 ICPs

5.3 MW
508 ICPs

5.6 MW 
402 ICPs

Source: Electricity Authority,
Electricity Market Information, 
website visited Feb 2018.



Solar research at 
the Energy Centre



Solar potential in Auckland 
rooftops using LiDAR data

LiDAR (light detection and ranging) is an optical 
remote-sensing technique that uses laser light to 
densely sample the surface of the earth, producing 
highly accurate x,y,z measurements.

Laser pulses emitted from a LiDAR system reflect 
from objects both on and above the ground surface: 
vegetation, buildings, bridges, and so on. 

One emitted laser pulse can return to the LiDAR 
sensor as one or many returns (reflect from multiple 
surfaces). 

The first returned laser pulse is the most significant 
return and will be associated with the highest 
feature in the landscape like a treetop or the top of 
a building. The first return can also represent the 
ground, in which case only one return will be 
detected by the LiDAR system.



LiDAR data
Collected by NZ Aerial Mapping and 
Aerial Surveys Limited for Auckland 
Council in 2013/2014.

Flight info:
Altitude 900m, 1600m, 1000m
Scan frequency 36Hz, 45Hz, 42.9Hz

Average point spacing: 
minimum 1.5 points per m2

Vertical accuracy: +/-0.1m



LiDAR data example



LiDAR -> Digital surface model

• Elevation data

• Resolution: 1 m2



Solar potential





Thank you!


