
strategieS to reduce the production cost

Photovoltaic Technology 
Roadmap

Latest technology trends in crystalline and thin-film solar cells
An overview on the PV industry up to 2015

Making photovoltaics a low-cost source of clean and renewable energy is the 
main goal for most of developed countries. Many of them have agreed on a 20% 
renewable energy target by 2020, and some already started to implement aggressive 
feed-in-tariffs to finance this objective. But the question is how do we get there 
from what has been achieved so far? What would happen if governments partially 
stop financing the PV industry through incentive program cuts as in Germany 
for instance? Can today’s technologies be competitive without the incentives or 
do we need technical evolutions, or even technical breakthroughs to get there? 

The objectives of this report are:
	 • To provide market trends on module price, installations breakdown by 
	 technology, production capacity utilization
	 • To provide key technical insights about future technology trends and 
	 challenges
	 • To provide a deep understanding of new improvements that will occur with 		
	 the current C-Si cell design: emitter profile optimization, fine line metallization, 	
	 front and rear surface passivation layer optimization and a better surface
	 structuring.

key features of the study

Source: Dr Daniel Biro – Fraunhöfer ISE- PHOTON 3rd PV Production Equipment Conference

C-Si structures overview
Metal wrap through (MWT) – Process Flow
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introduction

There  is no doubt that the 
government incentive 

programs helped industrials 
to achieve, step by step, 
drastic cost reduction and 
performance improvements 
in a very short period of time 
but without real revolutions. 
The PV industry has also 
seen the emergence of large-
scale production facilities, 
international R&D centres, 
and innovative equipment 
makers thus resulting in the 
impressive cost reduction we know. But if large production facilities can play the scale 
effect card to lower the cost of raw material and increase their yield, many other levers 
exist in order to reduce the production cost.

In this PV Technology roadmap report, we describe all the different aspects linked 
to production cost reduction: from cell structure innovations to modification of 
manufacturing processes. We in fact describe all the existing technologies: From those 
developed by the University of New South Wales (UNSW), to the metal wrap through 
(MWT) concept developed by the ECN and industrialized with Solland, to the new emitter 
wrap through (EWT) technology being developed by Bosh Solar.

Conventional crystalline silicon cells could bump up against their theoretical maximum 
efficiency of 29% as soon as 2020. Sanyo Electric Co. Ltd., for instance, demonstrated 
~23% efficiency with a 10cm² R&D unit of its heterojunction with intrinsic thin layer 
(HIT) cells last year. 

It figures that thinner surface contacts, better transparent conductors, and lower defect 
density can improve performance by several more percentage points, to likely get 
commercial efficiency up to about as close as practical to the theoretical limit within 
about ten years.
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Cost per Watt ratio – Major levers

Cost
__

Watt

Lower equipment price

•Silicon
•Glass
•Gases
•Chemistry
•Etc.

•Innovations on cell structures
•Usage of better materials
•Modifications of manufacturing 
processes

•Maximum efficiency has to be obtained from 
each cell.
•Tolerance of cell efficiency is 5%

More automation less labor

Lower R&D cost
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Scale effects and savings on 
materials

Cell efficiency

Quality of cells and homogeneity of production

•Yield
•Uptime
•Etc.

Factory output
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   ● Marketing executives will find key figures 	    	
   and concepts for their strategic plan and 		
   product offer.

   ● Technical managers and directors will find 
   a complete description on the PV          	    	
   manufacturing processes evolution in order        	
   to find new business opportunities either in      	
   the wafer-based or thin-film markets.

  who should buy
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“Seller”: Based in Lyon (France headquarters), Yole Développement is a market research and business development consultancy company, facilitating market access for advanced technology industrial 
projects. With more than 20 market analysts, Yole works worldwide with the key industrial companies, R&D institutes and investors to help them understand the markets and technology trends. 
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6.3    The Buyer shall be solely responsible towards the Seller of all infringements of this obligation, whether this infringement comes from its employees or any person to whom the Buyer has sent the 
Products and shall personally take care of any related proceedings, and the Buyer shall bear related financial consequences in their entirety. 
6.4    The Buyer shall define within its company point of contact for the needs of the contract. This person will be the recipient of each new report in PDF format. This person shall also be responsible for 
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6.5    In the context of annual subscriptions, the person of contact shall decide who within the Buyer, shall be entitled to access on line the reports on I-micronews.com. In this respect, the Seller will 
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7.      Termination 
7.1 If the Buyer cancels the order in whole or in part or postpones the date of mailing, the Buyer shall indemnify the Seller for the entire costs that have been incurred as at the date of notification by the 
Buyer of such delay or cancellation. This may also apply for any other direct or indirect consequential loss that may be borne by the Seller, following this decision. 
7.2 In the event of breach by one Party under these conditions or the order, the non-breaching Party may send a notification to the other by recorded delivery letter upon which, after a period of thirty 
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8.      Miscellaneous 
All the provisions of these Terms and Conditions are for the benefit of the Seller itself, but also for its licensors, employees and agents. Each of them is entitled to assert and enforce those provisions 
against the Buyer. 
Any notices under these Terms and Conditions shall be given in writing. They shall be effective upon receipt by the other Party. 
The Seller may, from time to time, update these Terms and Conditions and the Buyer, is deemed to have accepted the latest version of these terms and conditions, provided they have been 
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9.      Governing law and jurisdiction 
9.1 Any dispute arising out or linked to these Terms and Conditions or to any contract (orders) entered into in application of these Terms and Conditions shall be settled by the French Commercial Courts 
of Lyon, which shall have exclusive jurisdiction upon such issues.  
9.2 French law shall govern the relation between the Buyer and the Seller, in accordance with these Terms and Conditions.


