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Winter package

Re-industrialization of Europe as the Goal:

e (Create 900.000 new jobs

* Mobilize 177 B£ of investments annually

* Increment the EU GDP by 1% up to 2030 _ Reaching

>27% RES

By 2030:
* Half the power produced must be renewable

e Emissions to be reduced by 40%




PV KEY TECHNOLOGIES
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* Crystalline Silicon dominates bulk market applications
* Large players in the Chemical / Raw Material industry

* Thin Film the “game changer” to come

Largest Polysilicon Producers

Estimated data end 2016 — Source IHS

SunEdison (USA)
China Silicon (China)
Dago (China)

REC (Norway)

Xinte Energy (Ghina)
Hemlock (USA)
Wacker Chemie (Germany)
)

)

OClI + Tokuyama (South Korea

GLC Poly Energy (China
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DELPHOS: INNOENERGY KEY TOOL FOR ASSESSING OPPORTUNITIES www.innoenergy.com &

PV Value Chain Innovation Assessment

Framework:

= Focus in Crystalline Si and Thin Film
= Other emerging technologies to be assessed by other means
= Timeframe: 2014-2030

Innovations affecting:

“ PV Plant modules
“ PV Plant Inverters

= BoS Structures

by KIC InnoEnergy
= Bos Electrical Tracking the impact of innovation on the levelised cost of energy

= Development, Installation and Construction
= Qperation, Maintenance and Service

Impact analysis on:

= Cost
= Gross AEP

Link: https://delphos.innoenergy.com/welcome
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LCOE METHODOLOGY TO DRIVE PV MANUFACTURING INNOVATION www.innoenergy.com

How the innovations impact the LCOE

Baseline parameters for given project

i ..: Anticipated technical impact of innovations for
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How the revised parameters affect LCOE
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INNOVATIONS IN c-Si PV CELL MANUFACTURING

Figure 4.2 Anticipated and potential impact of PV cell manufacturing innovations for a ground mounted utility scale
PV plant using conventional c-Si technology with FID in 2030, compared with an installation with the same nominal
power on the same Site Type with FID in 2015. /
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Figure 4.3 Anticipated and potential impact of PV cell manufacturing innovations for a rooftop PV installation using
High Efficiency c-Si technology with FID in 2030, compared with an installation with the same nominal power on the
same Site Type with FID in 2015.
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INNOVATIONS IN c-Si PV MODULE MANUFACTURING

Figure 5.2 Anticipated and potential impact of PV module manufacturing innovations for a ground mounted utility
scale PV plant using Conventional ¢-Si technology with FID in 2030, compared with an installation with the same
nominal power on the same Site Type with FID in 2015.
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Figure 5.3 Anticipated and potential impact of PV module manufacturing innovations for a rooftop PV installation
using High Efficiency c-Si technology with FID in 2030, compared with an installation with the same nominal power
on the same Site Type with FID in 2015.
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INNOVATIONS IN THIN FILM PV CELL & MODULE MANUFACTURING

Figure 6.2 Anticipated and potential impact of TF module innovations for a ground mounted PV installation using TF
technology with FID in 2030, compared with an installation with the same nominal power on the same Site Type with

FID in 2015.
Improved deposition techniques
Alternative absorber materials
Development and integration of quality control methods
Improved light management
Reduce efficiency gap Lab cells-Fab modules
Increase module efficiency

Mitigation of degradation mechanisms

New module materials |
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INNOVATIONS IN INVERTER MANUFACTURING

Figure 72 Anticipated and potential impact of inverter innovations for a ground mounted utility scale PV plant using
Conventional c-Si technology with FID in 2030, compared with an installation with the same nominal power on the

same Site Type with FID in 2015.

Integrated electronics including smart modules and micro-inverters
Improvement of inverter lifetime

PV inverters optimized for self-consumption

Impact on LCOE
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Figure 73 Anticipated and potential impact of inverter innovations for a rooftop PV installation using High Efficiency
c-Si technology with FID in 2030, compared with an installation with the same nominal power on the same Site Type

with FID in 2015.
Integrated electronics including smart modules and micro-inverters
Improvement of inverter lifetime

PVinverters optimized for self-consumption
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Figure 74 Anticipated and potential impact of inverter innovations for aground mounted PV installation using TF
technology with FID in 2030, compared with an installation with the same nominal power on the same Site Type with

FIDin 2015.
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Improvement of inverter lifetime
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INNOVATIONS IN c-Si and TF LEADING MANUFACTURING OPPORTUNITIES

LCOE for a PV installation using Conventional ¢-Si technology with FID in 2015
Advanced existing Homojunction technologies

Improvement of inverter lifetime

Improvement for Si material feedstock, FBR and metalurgical silicon

Improvement of existing heterojunction & new generation of cell heterojunction design
Innovative framing, frameless concepts

Improvement in silicon crystallisation

Innovations in wafering

13 other innovations

LCOE for a PV installation using Conventional ¢-Si technology with FID in 2030

LCOE for a PV installation using High Efficiency ¢-Si technology with FID in 2015
Improvement of existing heterojunction & new generation of cell heterojunction design
Advanced existing Homojunction technologies

Improvement of inverter lifetime

Back contact cell structures

Improvement for Si material feedstock, FBR and metalurgical silicon

Innovative framing, frameless concepts

Improvement in silicon crystallisation

14 other innovations

LCOE for a PV installation using High Efficiency c-Si technology with FID in 2030

LCOE for a PV installation using TF technology with FID in 2015
Reduce efficiency gap Lab cells-Fab modules

Increase module efficiency

Improvement of inverter lifetime

Mitigation of degradation mechanisms

Improved deposition techniques

Development and integration of quality control methods

Improved light management

5 other innovations

LCOE for a PV installation using TF technology with FID in 2030
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IS IT POSSIBLE FOR PV TO BE THE ULTIMATE GAME CHANGER?
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Innovation Projects & Commercializing Entities
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