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Introducing
Mott MacDonald

We’'re a global engineering,
management and development
consultancy focused on guiding
our clients through many of the
planet’s most intricate challenges.




Sectors

Climate change
Coastal

Education

Energy

Environment

Health

Highways and bridges
International development
Ports

Rail and transit
Transportation planning
Tunnels

Water and wastewater

We work in 1 70
1 35 permanent
offices in over

countries 50 countries
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Key subsectors

Solar Photovoltaic (PV) Concentrated Solar Power (CSP)

p

Onshore Wind Offshore Wind

Renewable Energy Academy | Module 1 — Renewable Energy Overview




Summary of Services

Energy Yield Feasibility &
Analysis Technical Studies

, :.
Technical Due Construction &
Diligence Operation Monitoring

Renewable Energy Academy | Module 1 — Renewable Energy Overview



Summary of Services (continued)

?UILDIN PERN;IT

Planning
& Permitting

Market & Strategic
Advice

Tendering &
Procurement Advice

Bankability

Assessment Studies

Renewable Energy Academy | Module 1 — Renewable Energy Overview

Environmental &
Social Impact Studies

Health &
Safety



Constraints mapping




Typical lifecycle of new energy generation projects

sites

Step 1 Step 2

Identify Detailed

suitable areas appraisal of
to develop individual sites

Feasibility

Introduction to Solar Resource Assessment

Step 3

> Site design and > Planning

pre-planning

Step 4

application

Step 5

Funding,
procurement,
construction,
commissioning
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What do we do in a feasibility assessment?

Constraints mapping

Estimate capacity and yield

Economic assessment

Introduction to Solar Resource Assessment
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What do we do in a feasibility assessment?

Constraints mapping

Tool that allows visualisation
of constraints that could
limit the development of a
project
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What could limit the development of an RE project?

Infrastructure constraints:

* Roads
+ Railways
* Buildings and close renewable energy
SI teS [ Nash Solar Farm Stream
- . option able Line - Ecol
«  Utilities infrastructure — OHL and ukatieres  Suvey
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underground (telecoms, water, gas,  Veriage A 2wy ovenens
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swsana
AN ;ZHR.;:‘T;ER)- — Uzzn&e&gromd
. . Building = Known OHL
Environmental constraints: I cormercafoas Ecogea Conrnrs
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1 esidence -fealura
+  Terrain slopg . E:"T“""““ 2
« Land classification o brge Food —— et e
«  Environmental protected areas and E“’,;"’ " ?z.;;;"”f:;":‘;,
Driveway ul
peat g caragny __ B e
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. " stream line minimise |mpac'.s‘
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Introduction to Solar Resource Assessment
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Where can | find this data ?

Open Street Map layers =
Open data to be downloaded from different v
platforms Bl 1

Filter by OS Data Hub plan A

Filter by data theme A

Digital Model Terrain (DTM) Ty
Low resolution DTM data available worldwide e

1:250 000 Scale Colour Raster

Specific national data

Additional environmental, social, geophysical
designations within the country websites
organisations

=74kl 150 000 Scale Colour Raster

<
a8, Ordnance
\é?";o.*:sl Survey

1

Introduction to Solar Resource Assessment



An example...
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Constraints buffers

Minimum distance required from an
identified constraints to the proposed
development

* Minimum buffers are usually
defined according with local policy
and client instructions.

Buffers are country and
client specific

Introduction to Solar Resource Assessment

[ PROW bufter 6m

'E Electricity transmission

” Council site (assumed VK buller Zm
£] unbuildable) [ Secuicty dstribuion
OHL buffer 10m

_ . Public Rights of Way
(PRoW) buffer 10m

Inner site boundary
(E)l:ttrmly transmission - butfer 5m

Elocticiy dist I suilding buffer 10m
=mcm 11KV Overhead Line Road buffer 8m

(OHL |
¢ ) Waterbody buffer 6m
Electricity distribution
11KV buried cable Watercourse buffer 6m
A Flecticty transmission [I0] Woodiand bufter 6m
OHL tower
- Areas of slope over 20
degrees
- *Flood zone 3

| "Flood zone 2

E'Cmm\)mlmd(open
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Constraints buffers

By who?

Local and national government
(town) planning departments -
might have requirements for
housing, water, road or similar
Local and national environment
authorities - might have
requirements for ecology, woodland
etc.

Infrastructure owners/operators e.g.

gas, electricity, water, telecoms
towers

Renewable energy industry or
political organisations may provide
guidance

[__JJsite boundary (7] PROW bufter 6m

Buildable area Electricity transmission
'E OHL buffer 23m

Council site (assumed & &
. @ OHL buffer 10m
+ Disused coal mine Buried ol
" shafts (capped) lectricity
distribution cable
- PucRgnsorwey L] dsiion
(PRoW)

Inner site boundary
(E)l:\?mly transmission - butfer 5m
ity distbution I suilding buffer 10m
= 11kV Overhead Line Road buffer 8m
(OHL | me—
¢ ) Waterbody buffer 6m
Electricity distribution
== 11kVburied cable || Watercourse buffer 6m
A Electricity transmission E Woodland buffer 6m
OHL tower
- Areas of slope over 20
degrees
- *Flood zone 3
“Flood zone 2

*Common land (open
access)
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Summary — What have we done in this exercise

Select

Area
which might
be specific
land parcels
or a larger
region if for
site search

Gather
datasets

digitise or
purchase if
necessary;
note
constraints
not
represented

in map

Buffer features

according to official
guidance, best practice,
stakeholder instruction

Assess terrain

split into slope areas of
too steep, possible and
fine for development

Introduction to Solar Resource Assessment

Create
buildable

drea
Subtract all
constraint
features and
offsets to
reveal build-
able area

Estimate
capacity

and yield
Use shape,
size, natural
resource fo
quantify the
potential
installed
capacity and
yearly output

Rank

sites

Via size,
output, and
overlap or
proximity
with soft
consfraints

21



Solar resource
assessment




Natural Currents of Energy on Earth

in TW (1022W)

Infrared
radiation
to space

Solar water heaters
Solar buildings

Solar dryers

Ocean thermal energy

Hydropower
Osmotic power

‘r

= Wind and wave turbines

Biomass and biofuels

Photovoltaics

Geothermal heat

Reflected -
to space M.._ Sensible
50 000 4 heating
T 40 ooo | Latent heat
| of water
From @ 120 000 evaporation
Sun radiation_~Absorbed on PR
energy
v 100
—| Photon
processes
30
Eraurtmh Geothermal »| Heat
From Gravitation 3
Er:iTiit;lrv—- orhital motion *| Tidal motion

Source: Twidelll & Weir, Renewable Energy Resources, 2015

Introduction to Solar Resource Assessment

Geothermal power

Tidal range power
Tidal current power

Maximum solar flux density (irradiance)
perpendicular to the solar beam is
about 1 kW/m?

To compare: Global final
energy consumption in
2021 corresponded to
~13.2 TW

Source: |EA, 2024
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Atmospheric Extinction

Extraterrestrial Atmospheric
Radiation Extinction

* Radiation laws *  Absorption
(Solar spectrum) »  Scattering

*  Atmospheric

*  Solar geometry constituents
(gases,

aerosols, clouds)

Mainly Diffusion Radiation

Mainly Direct Radiation

800 1000
Irradiation W/m?

Source: C. Stapleton & Neill, Grid-connected Solar Electric Systems, 2012

Introduction to Solar Resource Assessment

* Surface irradiance

* Spectral effects

e Temporal & spatial
variability of solar
irradiance (and solar
power)

The difference between the
solar constant and the peak
irradiance value at the Earth’s
surface is due to the Earth’s
albedo

Direct solar radiation
Diffuse solar radiation
Reflected solar radiation

& ) Reflected solar radiation
| (albedo) from atmosphere
/ Solar radiation at
p 4 p top of atmosphe;e
Go = 1,367 W/m
Dust
pamcl\ei Clouds Upper atmosphere

d
N
» B
r

Solar radiation at sea / ¢
level G = 1,000 W/m? A

‘ A
P A S TR, .Y

) Earth’s
Surface

Source: C. Stapleton & Neill, Grid-connected Solar Electric Systems, 2012
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Solar Resource Assessment (SRA)

How is solar irradiance modelled?

Ground-measured data

Advantages
v High quality data (if constant maintance)
v High temporal resolution (< 1 min)

Limitations

o Great cost of maintenance and calibration.
o Not-uniform distribution of weather stations
o Coarse spatial coverage of long-term data.

Applications

= Model development / validation

= Site’s monitoring

= Final site irradiance characterization

Introduction to Solar Resource Assessment

Satellite-derived data

Advantages
v High temporal and spatial resolution
v’ Large spatial coverage

Limitations

o Extremely limited high-quality data for long-term time
frames.

o Well-regarded satellite datasets for the most part do not
include historical events (e.g. volcanic eruptions)

Applications

= |[dentification of potential PV sites.

» Managing of PV plants into national grids.
= |deal for markets in developing-countries.

Source: SolarGIS. Validation Report, 2019
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Solar Resource Assessment (SRA)

GOES
GOES
WEST
]

How is solar irradiance modelled? A YA
= Geostationary meteorological % g
satellite data to cover the

globe . .
. ) Ul ‘s = Q
= Integration of data to provide ‘ (8 4
local atmospheric conditions | e T e
SN GOES-S(17)
» QC and validation of satellite ‘| *
data "N ;
= On-ground solar irradiance 5
and other atmospheric g
parameters )
= :
foor :
Good Quality data: Up to 60°N and up to 60°S s

Source: SolarGIS. Validation Report, 2019

Introduction to Solar Resource Assessment 31



Solar Resource Assessment (SRA)

Client needs for SRA and EYA? P90)6u uncertainty

EYA: Detailed loss analysis and design- : ' -
specific assumptions allow for accurate and :
reliable EYA

SRA: Reducing uncertainty will lead to an
Increase in solar resource and subsequently
in potential yield.

Lenders and banks commonly rely on P90
values to determine project finance.

- I:)gohigh uncertainty

Introduction to Solar Resource Assessment



Solar Resource Assessment (SRA)
Client needs for SRA and EYA?
Higher accuracy leads to approx. 2.5 % higher yield (P90).

high
This can lead to more precise revenue estimation.

Solar Irradiation

low -=-P50 A P90

Project Phase

Introduction to Solar Resource Assessment



Solar Resource Assessment (SRA)

How is solar irradiance modelled?

Satellite

Atmospheric

Terrain &

Input data

GHI, DHI, DNI

Introduction to Solar Resource Assessment
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Solar Resource Assessment (SRA)

How is solar irradiance modelled?

30 Apr 2022 - UTC 00:00
Global Horizontal Irradiance (GHI)

[ —

0 500 1000 W/m?

Introduction to Solar Resource Assessment

Source: SolarGIS. 2022
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Solar Resource Assessment (SRA)

Satellite ground validation

=  GHI validation map

TEILEN

validation GHI 2022-03-15

v MBD between 2.5 and 2.5
MBD from 2.5 10 4.0
+ rMBD more than 4.0
+ rMBD from-4.010-2.5

+ IMBD less than -4.0

Source: SolarGIS. Validation Report, 2019

Introduction to Solar Resource Assessment 36



Solar Resource Assessment (SRA)

Solar Resource Uncertainty

. . Location GHI
Expected range of bias outside uncertainty
validation sites (P90 uncertainty) 80% occurance 4%
90% occurance +5%
Complex geography and extreme cases +8%
GHI: +4% to £8%
Lower uncertainty regions Around +4%

DNI: +9% to

+14%

Most of Europe, North America below 50°N, South Africa, Chile, Brazil, Australia,
Japan, Morocco, the Mediterranean region, the Arabian Peninsula (except the Gulf
region) and regions with good availability of high-quality ground measurements

Higher uncertainty regions Higher than
Depends on SpeCifiC analysis on Latitudes higher than 50°N and 50°S, high mountains regions with regular snow +4%
geography and avallablllty Of ground and ice coverage and high-reflectance deserts, urbanized and industrialized areas,

measurements

high and changing aerosols (India, West Africa, Gulf region, some regions in
China), coastal zones (approx. up to 15 km from water) and humid tropical
climate (e.g. equatorial regions of Africa, America and Pacific, Philippines,
Indonesia and Malaysia), regions with limited or no availability of high-quality
ground measurements

Source: SolarGIS. Validation Report, 2019

Introduction to Solar Resource Assessment

DNI
uncertainty

9%
+10%
+14%

Around +8%

Higher than
+8%
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Solar Resource Assessment (SRA)

How to reduce uncertainty?

High-res satellite data

Multi-source approach to identify sources
which over- or underestimate solar resource
Ground-correlation: solar measurement
campaigns

» Reduce an initial uncertainty of 4 — 8%

down to 3% or lower

Ground measurements may deviate from satellite
data, because of:

Size of the satellite pixel and sampling rate
Resolution and limitations of the input
atmospheric data Imperfections of the models
Site specific microclimate

Issues in ground measurements

Introduction to Solar Resource Assessment

P50

Single-source approach Multi-source approach

P50

Uncertainty estimate (%)
R e w & B
w 8 &K 8 K 88 & &8 &

o

Solargis GHI maximum rRMSD occurrence range

Solargis GHI rRMSD P90 occurrence range
Solargis GHI rRMSD PS0 occurrence range
------ Oass C pyranometer

= == (Class B pyranometer

Class A pyranometer

-
ME e S o oo o o om——

Hourly values Daily Monthly Yearly

Source: SolarGIS. 2015
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Solar Resource Assessment (SRA)

How is solar irradiance modelled?

Satellite

Atmospheric

Terrain &

Input data

GHI, DHI, DNI

Introduction to Solar Resource Assessment

39



Solar Resource Assessment (SRA)

How is solar irradiance modelled?

Satellite

Atmospheric

Terrain &

data

data

other

7

w4

Input data

GHI, DHI, DNI

™Y

@PVsysT

PHOTOVOLTAIC SOFTWARE

Hitiy [

Loss assumptions design

Energy Yield Simulation

SRA

Introduction to Solar Resource Assessment

EYA
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Solar Resource Assessment (SRA)

How is solar irradiance modelled?

Satellite

Atmospheric

Terrain &

data

other

/

[(NEe%

Input data

ﬂv

" " 1 " i !

v

A

GHI, DHI, DNI

PVSYST

PHOTOVOLTAIC SOFTWARE

HIT

Loss assumptions design

Energy Yield Simulation

SRA

Introduction to Solar Resource Assessment

EYA
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Solar Resource Assessment (SRA)

Irradiance dataset types (Solargis)

Data Type Coverage

Number of values per

Purpose
parameter

Access to historical data

Time Series (1994/1999/2007 to last
month)
Access to monthly and yearly
Monthly Average averages from
1994/1999/2007 to 2020

Typical Meteorological Year Access to historical data
(TMY) (1994/1999/2007 to last year)

Hourly: 8760 values x
Project development & 26/21/13 years.

operational performance

monitoring 15-minute: 8760 values x
26/21/13 years x 4
Prospecting 12 values
Project development 8760 values

Introduction to Solar Resource Assessment
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Solar Resource Assessment (SRA)

Open-source irradiance data (data series and TMY)

OQEIMICUS

Europe’s eyes on Earth

CAMS solar radiation time-series (copernicus.eu)

¥
Ll
a *
L w
W

L

European
Cu-mm|55|nn PVG I s

JRC Photovoltaic Geographical Information System
(PVGIS) - European Commission (europa.eu)

NASA POWER | AP| Pages

Introduction to Solar Resource Assessment 43


https://ads.atmosphere.copernicus.eu/cdsapp#!/dataset/cams-solar-radiation-timeseries?tab=form
https://power.larc.nasa.gov/api/pages/?urls.primaryName=Hourly
https://re.jrc.ec.europa.eu/pvg_tools/en/
https://re.jrc.ec.europa.eu/pvg_tools/en/

Solar Resource Assessment (SRA)

Open-source irradiance data (data series and TMY)

European

‘ommission

European Commission > EU Science Hub > PVGIS > Interactive tools

Home Tools Downloads~ Documentation Contact us

PHOTOVOLTAIC GEOGRAPHICAL INFORMATION SYSTEM

PVGIS 5.3 is now released click here for more info. PVGIS 5.2 remains online in case needed

Accessibility |Legal notice |Cookies |Contact | English (en) W

Address: Eg.Ispra, Ital m Lat/Lon:

Malta

= - =
\ : .
& ¢ ) egn
= ' Sweden N\ QISR
y ¥ |
= A } Estonia
) y
F
ol 7 H
% _ Latvia
o 7
Tty } Uithuania
< B
United|Kingdom B J I
Y 1 P W Belarus
iceland Netherlands.
e Poland
£ Germany,
= €, Belgium
Luxembourg Grath Ukraine [ |
Siovakia [
g Austria
Liechtenstein Hunoar| Moldova
France e
Switzerlan ovenia Al 2
Croatia <
SanMarinaLuEcars and
fona
penaco Monténegro Bulgaria
y Andorra o Frprars Georgia
North Macedonia
Spaio Bani Armeni
0 | Albanis !
Greeces Turkiye
D
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Cursor: Use terrain shadows:
Selected:  38.233, -3.647 E=E BN
Elevation (m): 454 No se eligié ningtin archivo
PVGIS ver. 5.2
GRID CONNECTED

TRACKING PV

Select period *

OFF-GRID PVGIS-SARAH2: 2005 - 2020 v
MONTHLY DATA

DAILY DATA

ACURLY DATA

™Y

vECE EXE3 B B
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Solar Resource Assessment (SRA)

Open-source irradiance data (data series and TMY)

Database  Start year End year Spatial Res.

PVGIS- 0.05° x 0.05°
SARAH2 ALY AL (~ 5 km)

PVGIS- 0.038° x 0.0.38°
NSRDB 2005 2015 4 km)
PVGIS- 0.25° x 0.25°
ERAG 2005 2020 25 km)

60°S

150°wW 120°wW 90°W 60°W 30;Vl 0w 30°E 60°E 90°E 120°E 150°E

PVGIS-SARAH2 1 PVGIS-SARAH PVGIS-NSRDB mH PVGIS-ERAS No coverage

© European Union 2022

Introduction to Solar Resource Assessment 45
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Thank you

Contacts:
monica.gutierrez@mottmac.com
ricardo.velascomunar@mottmac.com
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