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A journey to tacklie key hurdles for

@ Effective policies
Large

Scale
Impact on the Grid

m Integration in commercial
Decentralised buildings

systems
Integration in isolated
minigrids
Technology Emissivity control
improvement
opportunities

Solar Chimney
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—  Rooftop solar panels in Great Britain
CB Anevaluation of past and futare support policy
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Domestic solar PV in the UK: 2010-20

Feed-in tariffs available since 2010
Have decreased from 49p/kWh to 4p/kWh
Currently > 2 GW installed

Costing over £500 million a year Capacity

Installation has stalled in 2016 (MW)

A
Used in home:
Electricity bill savings

\.

Total generation:
Generation tariff paid

i

Exported to grid:
Export tariff paid ) FiT scheme

Small scale (< 10 kW) PV deployment
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— All installed
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Assessing policy effectiveness: Agen

« Compare reality against alternative scenarios
« Make projections

« Beyond optimisation: Agent-Based Model

« Agents based on real UK data

- Calibration

Real and modelled PV deployment

20001
Capacity — Real
(MW) | — Modelled
15001
10001
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Policy scenarios

Past policy scenarios

3000

_ _ _ _ Capacity | FiT scenario £570 mill./year

Historical policy scenarios (MW) =

1. Baseline: real historical FiT policy 20001

2. Linearly decreasing FiTs
Compared to the baseline, scenario 2 has: 10001 . |
« 20% lower deployment £320 mill./year
« 45% lower annual cost

0 2012 2014 2016
Date
) ) 10000 Future policy scenarios
Future policy _scenarlos Capacity | FiT scenario
1. Planned policy: deployment caps up (MW) __ | = Planned subsidy
to March 2019 = Nolsubsiy
2. No subsidies from May 2016 s 000] £40 mill./year

« Low FiTs only encourage earlier adoption

« No difference in deployment by 2023

2500

jx £0/year
2018 2020 2022
Date
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Gonclusions & Policy recommendati

 Need a nuanced cost control framework to avoid escalating costs
 Current FiTs are too low to encourage adoption in the short term

« Current policy should be reevaluated around 2018 considering PV prices
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A

Ontimising connections of PV farms in

@ constrained feeders
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PV Growth and Impact

Cumulative solar photovoltaics deployment in the UK
9,000
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7,000
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B Other Solar

Immense growth
of PV in the UK
over the past 6
years

I Renewables Obligation

B Feed-in Tariffs

2010 2011 2012 2013 2014 2015

« This puts high stress to the Distribution Grid
« Issue of focus in this project: Overvoltage

« Conventionally resolved with grid reinforcement

Installed Capacity (MW)
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Active Power
Curtailment

(APC)

Reactive

Demand Side Power
Management Compensation

(RPC)

Energy
Storage APC & RPC

Different Panel
Orientation
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Solar Irradiance Data

PV Farm Characteristics
« Hosting Capacity
Simulation

Model
o€  Load Factor

Distribution Grid
Characteristics

Electricity

Demand Profiles
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Techno-economic Results and Go
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Integrated optimisation for PV and
bulldings
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Climate Change
« Decarbonisation agenda

« Rising electricity prices \
Boost corporate green image

Q Necessity for a user friendly
Q optimisation model as a

R guidance for decision makers
@
BOB
s AN

54
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The optimisation model

_|_|

eTechnologies
eCapacity
eOperation

eCosts Breakdown
ePayback Period
eInternal Rate of Return
eReturn On Investment
eNet Present Value
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Case Study - Parameters

Daily GHI (Global Horizontal Irradiance) in London
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Electricity Demand for average weeks
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Gase Study - Resuits

Electricity Demand and PV Production - Winter Week Average

400

300

Electricity 200
(kWh/half hour) 100

0
Time — Days in a week

PV Production e Demand with PV  e=Demand without PV

Operational Cost (electricity expenditure in £/yr)
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Gase Study - Resuits

Yearly costs for Battery System

£90 000

£40 000 ) .
I I I I I m Annualised Maintenance

-£10 000 B Annualised Capital Costs
Costs (£) m ToU BM Earnings
-£60 000 .
FR Earnings
-£110 000
-£160 000
2016 2017 2018 2019 2020
Yearly costs for Photovoltaic system
£100 000

£25 000 I I I I I m Annualised Maintenance

® Annualised Capital Costs
-£50 000
Costs (£) Electricity Savings

B Feed-in-tariff earnings

- ! - - - B Carbon Savings

2016 2017 2018 2019 2020

-£125 000

-£200 000
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Live solar minigrids storage analysis and
implementation of demand response

Andreas Livera
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Background
Electricity Access Renewable Energy based Minigrids
¥
- |
J Sunmodule Charge controller Battery
® @ .
A Clean, affordable and sustainable
Nearly 2 out of 10 people are energy option.

living in the dark.
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DC/AC Inverter

Charge
Controller

Battery Backup Bank
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The computer program

Stage 1: State of Charge (SOC) estimation
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The computer program

Stage 2: Generation and Demand model

« This model predicts energy shortfalls within the next five days based on
historic customer usage data and seasonal generation data.

Stage 3: Demand Response (DR) algorithm

« The goal of this stage is to keep supply and demand balanced and
avoid the prospects of supply shortages.

« The algorithm proposes a strategy for reducing the amount of
electricity consumed during peak demand periods.
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- Battery storage analysis and implementation of DR are of extreme
Importance for solar powered minigrids operation.

« The computer program was successfully tested on data from
MeshPower existing systems.

« The proposed program works sufficiently and it can be easily
adapted and used in real time applications.
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Emissivity of photovoltaic devices
Shedding light on the hehaviour
ofsolarcells in the infrared

[j Liav Harel
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Background

Photovoltaic technologies

e —

n fr, Mafe..
Btioy, - " Verias

pd energy futures lab



Imperial College
London

Background

Optical properties
of substrates
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3rd generation solar cell

« Antireflection coating (ARC) dominates thermal emissivity
« Additional cover glass further increases emittance

Bare GaAs solar cell Solar cell +

antireflection coating (ARC)
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Solar cell + ARC +
glass coating

1

o = Reflectance

=— Emittance
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Organic PV solar cell

« Substrate dominates the emissivity

Surface reflectance

0.4
0.3
0.2
Glass substrate
— 0PV on glass
0.1
0
5 7 9 11 13 15

wavelength (um)
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Wearables &
appliances!#

Buildings & agriculturel3]
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— Solar Chimneys
N Evergy without the smoke
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Collector | | 1]
* Transparent roof —

Chimney

« Connects warm air at ground
level to the cold air at the top of
the chimney

Turbines

« Convert kinetic energy from
airflow into electricity
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Collector Roof Materials

« Roof material selection can
greatly impact the thermal
and economic performance of
the plant

COSTS OF ENERGY

150
S 110

€/MWH

Glass PC, 2-wall

Semi-Transparent
Organic Photovoltaics

Inclusion of OPVs can

increase energy output but
decreases profitability

ﬁ}QSUJAQ_ E‘QEFE{@W
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1 16
€/MW €/MW
No OPVs With OPVs
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If you want to discuss further...

Phoebe Pearce - Poster 51

Konstantinos Kalogeropoulos — Poster 48

Arthur Mariaud - Poster 50

Andreas Livera — Poster 49

Liav Harel — Poster 47

Pedro Augusto de Araujo Falcao Pessoa — Poster 46
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Thanks for your attention

Special thanks to our supervisors
Dr Salvador Acha
Dr N. J. Ekins-Daukes
Prof Timothy Green
Dr Alexander Mellor
Prof Jenny Nelson
Dr Raphael Slade
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