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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
SOLAR®” : Nohesi Gos finite fossil and nuclear

23,000 TWylyear .4 resources and

(2) the yearly potential of the
renewable alternatives.

2008 World energy
consumption

16 TWylyear

‘ A demand
; « 6 hrofsun~1yrofworld

energy demand

* Sun ~ 1000 x world energy

* All petroleum < 4 days of sun

e All coal ~ 2 weeks of sun




The resource

solargis

http://solargis.info

SolarGIS © 2013 GeoModel Solar
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The resource

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

e 52-55% infrared
e 42-43% visible
e 3-5% UV

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

e Absorption bands mainly
from ozone, oxygen, water
vapour, carbon dioxide
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Spectral Irradiance (W/m?#nm)

Solar Radiation Spectrum
25

uv

Visible Infrared

Conventional Silica-based
Photovoltaic (850-900 mn)

Copper Indium Disulfide
Quantum Dot Photovoltaic
(200-1000 nm)
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Capturing solar energy

e 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
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Solar photovoltaics (PV)

current  pp— e Absorption of incident photons to

B -- o 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

p-n junction

p-type semicoductor
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PV technologies

Crystalline
Silicon PV
(c-Si)

Thin films
(a-Si, CdTe,
CIGS)

Concentrating
solar PV /
advanced thin
films
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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%
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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 CO,), 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!
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s solar an environmentally
‘riendly choice for New Zealand?

Background:

Figure 2: Lifetime emissions impact of solar PV
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Source: Concept Consulting Group Ltd, 2016.
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Life cycle assessment exercise
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Life cycle assessment exercise,

luding natural gas
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Concentrating solar power
(solar thermal electricity)

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

e 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.

Linear Fresnel reflector (IFR) Central receiver Parabolic dish Parabolic trough
Solar tower
Curved
Mirrors

Reflector
. & 2 Absorber tube
i « Solar field piping

/I? [ II N ?\ % Receiberk, )\
JR T |« Bope| ™6

Absorber tube Heliostats Reflector
and reconcentrator
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Large solar power plants

M UK world sport football opinion culture business lifestyle fashion environment tech travel

home ) environment ) energy pollution climatechange wildlife

Jolappawes Morocco to switch on first phase of
eep itin the ground :
world's largest solar plant

Desert complex will provide electricity for more than 1 million people when
complete, helping African country to supply most of its energy from renewables
by 2030

Arthur Neslen

Thursday 4 February 2016 11.47 GMT
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@ Save for later
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Dubai launches world's  yitch on first phase of
largest Concentrated it solar plant

Solar Power project

e electricity for more than 1 million people when

Shaikh Mohammad Bin Rashid launches world's largest single-site zountry to supply most of its energy from renewables
Concentrated Solar Power project
F’_ —— f

“the largest single-

site project will AR
generat o *-'.‘--_‘;... '- \
megawa
power whe
completed”

(10f3)

e\

Image Credit: WAM

Ouarzazate solar power plant provides 160MW of its ultimate 580MW
ion for the Guardian
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Global warnj ANDH.RA PRADESH .
With Kurnool solar park, State takes a giant leap n

z V. Raghavendra ORVAKAL (KURNOOL DT.), APRIL 29, 2017 00:00 IST

UPDATED: APRIL 29, 2017 04:43 IST

SHARE ARTICLE fs5 | w < = * & PRINT AI | A
B on
D Hybrid Cloud Storage >
er
E How to Buy Bitcoins > gy

county, Qingha
Si' Thu 19 Jan 2017 12.0
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FuturisticPrincipal Secretary Ajay jain at the mega solar power plant im Kurnool district on Fridey U SUBRAMANYAMU_SUBRAMANYAM

Of the 1,000 MW installed capacity, it started generat{ng 900 MW
Photograph: Tom Phillips for the Guardian

households.




2. Datong Solar Power Top Runner Base - 1000MW - China
Solar powe* '

Global warnj ~ *ow s
With

48 V.
2

SHARE ARTICLE

With 1GW Phase | completed and & Total capacity is 3GW jh 3 phases. Datong Solar Power plant in China has the potential to be the
largest solar plant in the world once complete ording to government statistics, from July 2016 to January 2017 , Datong

generated 3 total of 870 million watts of electricity, equivalent to more than 120 million watts per month of power generation.

1. Tengger Desert Solar Par hina

Tom Phillips i7 ©
“t county, Qingha
gj- Thu19Jan201712.0

B¢ f v ™

The 1547MW solar power was installed in Zhongwei, Ningxia is the world's largest solar array by far. Know as the "Great Wall of rolds.

Solar” in China. The Tengger Desert is an arid natural region that covers about 36,700 km and is mostly in the Inner Mongolia




Solar PV in
the world
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New grid connected capacity
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P\/ Costs:
Modules

2016 USD/MW

e Reduction in
processing costs
Fall in polysilicon costs
e Improvement in PV

efficiencies
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European solar PV module
prices by technology and

manufacturer
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PV costs:
Total installed costs for utility-scale solar PV projects and

installed the global weighted average, 2010-2017

8000
95 percentile
7000

6 000

5000

2016 USD/kW
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—— Welghted average Investment cost
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Capacity MW =1 100 200 =300

Source: IRENA, 2018.
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Detailed breakdown of utility-scale solar PV costs

DV COStS , by country, 2016
oreakdown .
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2016 USD/kW

1500

50

o

" United

India Germany Italy China France Jordan Chile UK I.nﬂ\us.traliaI Japan
States
Hardware Installation Soft costs
@® Module ® Electrical installation @ Customer acquisition
Inverter ® Inspection ® Financing costs
® Cabling/ wiring Mechanical installation ® Incentive application
@ Grid connection ©® Margin
® Monitoring and control @ Permitting
@ Racking and mounting System design

Safety and security

Source: IRENA, 2018.



CSP in the world

> 100%
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Source: IRENA, 2018.
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CSP costs: installed and CF

Capaclty MWe

1
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200
200

77

Type
+ Linear Fresnel
@ Parabolic trough
® Solar tower

Storage (hours)
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Source: IRENA, 2018.



CSP costs: installed (over time)

18 000 Type

. 4+ Linsar Frasnel
® Parabolic trough
¢ Solar tower

> 12 000 : . . = Storage (hours)
g- ¢ . ® No storage
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Source: IRENA, 2018.
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Levelised cost of energy

Ficure 10.7: LCOE RANGES BY RENEWABLE POWER GENERATION TECHNOLOGY, 2014 anp 2025
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Solar energy in New Zealand
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New Zealand
Median Annual
Daily Global Irradiance

MJ/m?/day
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Installed solar capacity

52.9 MW
_ _ 15 411 ICPs
Residential
Installed solar capacity,
New Zealand
Dec 2017
67 MW
| 6.5 MW
SMEs 713 ICPs
E 4
5.3 MW
Commercial 508 ICPs
’ Dec'13 Jun '14 Dec'14 Jun 15 Dec'15 Jun 16 Dec'16 Jun"17 Dec"17
Source: Electricity Authority,
Electricity Market Information, 5.6 MW
website visited Feb 2018. Industrial 402 ICPs
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Solar research at
the Energy Centre
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Solar potential in Auckland
rooftops using LIiDAR 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.
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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
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LIDAR data example

51 just a little LAS and LAZ viewer

tilt
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LIDAR -> Digital surface model

e Elevation data
* Resolution: 1 m?
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Solar potential

™ High:1.42521e+006

Low : 3846.54
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“~ C )} @ solarpower.cer.auckland.ac.nz

i Apps [ TechSite Help

Solar radiation (kWh/m?/year). 100-250 m 250-400 m 400-550 m 550

Auckland ROOftOp Solar Energy Potential Toe oo i itoos 1060w 1504500 5 1300+

1) An average Auckland household consumes about
7000 kWh of electricity a year - what's your
consumption?

: y s o ¥ ot Solar assessment tool
2) Find your roof and click on it for your solar & i Click on building for more information

assessment. A AN e : ; Annual average solar radiation on roof:
3) Compare your eleciricity demand with your chosen » s Solar installation specifications
PV system generation.
SN U RS R (1l 14 m? approx 2 kW system v
DaE RS Tl 15% with standard PV v
Customised efficiency:

4) How much of the PV system generation would you
consume yourself? This is your self-consumption
rate.

5) Use the 'Solar assessment tool’ panel for 5
generation and economic estimates. * Economic assessment
e A Self consumption rate: A
Electricity rate: il cents/kWh
i Buy-back rate: N
PV system economic lifetime: }
Total investment cost: B
Investment cost in year 15: i}
Annual maintenance cost: £
Discount rate:
Report an issue:

Readme
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Thank you!
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