PV Inverter Trends
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A comprehensive analysis on the first standardization steps in the PV
inverter industry, evaluation of the market forecasts and positioning of the
different business players

OBJECTIVES OF THE REPORT

his updated version of Yole's PV inverter
trends report presents a comparison between
what we had previously anticipated and what

really happened; and also the new integration that
will take place in an inverter.

Last year, we described the evolution of the 4 main
parameters of an inverter (size, efficiency, cost and
reliability). We will see in this report, that the inverter
—asimportantasitis —is more than ever considered as
thesub-systemofamoreimportantone: thePV plant.

We have also reviewed our position on some aspects,
especially the micro-inverters, which we anticipated
more promising than what has really appeared in 2010.

TECHNICAL TRENDS

In addition, technolocy development is being
investigated (advanced cooling system for large
size inverters, gallium nitride-based devices for
conversion, laminated Busbars for conduction,...).

This year we also included details on the integration
of new functionalities, because it is what we have
seen all along 2010.

Functionalities tend to improve the global return
on investment (ROI) of the PV plant, as well as
efficiency and reliability or reducing cost:

e Anti-theft

On-site aging effect measurement

Voltage, current, temperature monitoring
Protection, in case of maintenance
Communication

We had anticipated that monitoring at cell-level
would appear early 2011, but actually, it will not
appear until 2 or 3 years from now. The main reason
for this delay is that it does not rely on inverters-like
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Figure 1: It is that 900V will be the border between SiC and GaN
based power modules for PV inverter: it also corresponds to a
differentiation between residential plants and large PV installation.

manufacturers, but on cell manufacturers, who are
not ready yet to provide such technical solutions.
At the plant level (PV inverter environment),
architectures are slowly getting standardized,
especially on the European market where
feed-in tariffs (FIT), although less interesting,
define a typical size of installation (3kW in
France and Italy, about 5kW in Germany,...).

Last year, it was difficult to establish an exact

architecture of the industrial buildings-based PV

plants: this year, we have seen mainly two “types”

of architectures:

e Using up to 20kW inverters for installations up
to 100kW

e Using large inverters for more than 100kW

The main consequence is a decrease of 20 to 50kW
power range from inverter manufacturers and new-
comers on the market, who do not target this value
as a priority.
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MARKET TRENDS

The 2010 market has faced two major
events: A decrease of FITs in most attractive
countries (Germany, France, Italy, Spain,...),
and an acceleration of signed contracts which

has generated a shortage situation of largest
PV inverter makers, like SMA, Kaco or Fronius.

As a main consequence to this shortage situation,
these big players have responded by increasing their

production capacity or focus on a specific market. **

The other main consequence was the delivery 01

time (up to 6 months in some cases), which has

(from a distributor or integrator perspective)
hardly accepts over 0.24€/W solutions. Chinese
makers (like Sungrow) can thus easily access the
market while Japanese competitors meet issues.
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become an opportunity for new players to enter the oos

European market:

e Reinforcement of US players

e Entry of other players who used to be in train or
UPS business

e Arrival of Asian players, each with a competitive
advantage: cost (for Chinese players), efficiency
and reliability (for Japanese players).

In parallel to those major events, global PV market
has increased, and PV inverter market has grown as
well: we estimate it to reach €3 billion by the end of
2010, mainly driven by Europe. USA is keeping on
growing, especially on the large building installations
and China has planned significant projects to fit with
their expansion and to also get rid of their stock.
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Figure 2: Geographical PV inverter quality comparison

As an opposite trend, inverter cost is decreasing
considerably and today’s market in Europe

COMPANIES MENTIONED IN THE REPORT
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Figure 3: Cost breakdown of PV inverter across the value chain

Another important trend that we have validated in

2010 is the new comers’ strategy to first establish

on the large sized inverters and then enter the

residential one: ABB, Ingeteam or Schneider are

concretes examples of it.

Last but not least, all the power optimization

solutions are meeting issues to penetrate the

market, for several reasons:

Too expensive solutions

e Not very well defined position in the supply
chain

e No clear advantages in dynamic conditions.

However, those players are pushed by impressive
investments and according the sales done by a
majority, it is still hard to understand how their
value is created and will be profitable, even if some
of them seem to show good results.

Of course, improving the efficiency of a PV plant is
an added value. And now, the most challenging point
will be to know their position in the supply chain:
will they be a “unique type” of player, assuming
that each of them claims a different technology
and different advantages? Or will they be vertically
integrated by the inverter makers?
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WHO SHOULD BUY THIS REPORT

e Financial and strategic investors

e Panel manufacturers

e Integrators

e Start-ups involved in PV inverter business

e Companies involved in inverter business and looking to enter PV inverter business
e Inverter manufacturers
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Beginning in 1998 with Yole Développement, we have grown to become a group of companies providing market research, technology analysis, strategy consul-
ting, media in addition to finance services. With a solid focus on emerging applications using silicon and/or micro manufacturing Yole Développement group has
expanded to include more than 40 associates worldwide covering MEMS and microfluidics, Advanced Packaging, Compound Semiconductors, Power Electronics,
LED, and Photovoltaic. The group supports companies, investors and R&D organizations worldwide to help them understand markets and follow technology trends
to develop their business.
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TERMS AND CONDITIONS OF SALE

Definitions: “Acceptance”: Action by which the Buyer accepts the terms and conditions of sale in their entirety. It is done by ticking the box “I accept the conditions”.

“Buyer”: Any business user (i.e. any person acting in the course of its business activities, for its business needs) entering into the following general conditions to the exclusion of consumers
acting in their personal interests.

“Contracting Parties” or “Parties”: The Seller on the one hand and the Buyer on the other hand.

“Intellectual Property Rights” ("IPR”) means any rights held by the Seller in its Products, including any patents, trademarks, registered models, designs, copyrights, inventions, commercial se-
crets and know-how, technical information, company or trading names and any other intellectual property rights or similar in any part of the world, notwithstanding the fact that they have been
registered or not and including any pending registration of one of the above mentioned rights.

“License”: For the reports and databases, 3 different licenses are proposed. The buyer has to choose one license: 1. Single user license: the purchaser is the sole authorized user of the report

2. Multi-user, single site license: the report can be used by various users provided that the report is only use within the same company at same post address 3. Multi-user, multi-site license: the
report can be used by various users within the same company or group and its subsidiaries (more than 50% share) at a global scale.

“Products”: Depending on the purchase order, reports or database on MEMS, CSC, Optics/MOEMS, Nano, bio... to be bought either on a unit basis or as an annual subscription. (i.e. subscription
for a period of 12 calendar months). The annual subscription to a package (i.e. a global discount based on the number of reports that the Buyer orders or accesses via the service, a global search
service on line on I-micronews and a consulting approach), is defined in the order. Reports are established in PowerPoint and delivered on a PDF format and the database may include Excel files.
“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 18 consultants, Yole works worldwide with the key industrial companies, R&D institutes and investors to help them understand the markets and technology
trends.

1. Scope

1.1 The Contracting Parties undertake to observe the following general conditions when agreed by the Buyer and the Seller. ANY ADDITIONAL, DIFFERENT, OR CONFLICTING TERMS AND CONDI-
TIONS IN ANY OTHER DOCUMENTS ISSUED BY THE BUYER AT ANY TIME ARE HEREBY OBJECTED TO BY THE SELLER, SHALL BE WHOLLY INAPPLICABLE TO ANY SALE MADE HEREUNDER AND
SHALL NOT BE BINDING IN ANY WAY ON THE SELLER.

1.2 This agreement becomes valid and enforceable between the Contracting Parties after clear and non-equivocal consent by any duly authorised person representing the Buyer. For these purpo-
ses,

the Buyer accepts these conditions of sales when ticking the box “I accept the conditions”. This results in acceptance by the Buyer.

1.3 Orders are deemed to be accepted only upon written acceptance and confirmation by the Seller, within [7 days] from the date of order, to be sent either by email or to the Buyer’s address. In
the absence of any confirmation in writing, orders shall be deemed to have been accepted.

2. Mailing of the Products

2.1 Products are sent by email to the Buyer:

- within [1] month from the order for Products already released; or

- within a reasonable time for Products ordered prior to their effective release. In this case, the Seller shall use its best endeavours to inform the Buyer of an indicative release date and the
evolution of the work in progress.

2.2 Some weeks prior to the release date the Seller can propose a pre-release discount to the Buyer

The Seller shall by no means be responsible for any delay in respect of article 2.2 above, and including incases where a new event or access to new contradictory information would require for
the analyst extra time to compute or compare the data in order to enable the Seller to deliver a high quality Products.

2.3 The mailing of the Product will occur only upon payment by the Buyer, in accordance with the conditions contained in article 3.

2.4. The mailing is operated through electronic meanseither by email via the sales department or automatically online via an email/password. If the Product’s electronic delivery format is defec-
tive, the Seller undertakes to replace it at no charge to the Buyer provided that it is informed of the defective formatting within 90 days from the date of the original download or receipt of the
Product.

2.4 The person receiving the Products on behalf of the Buyer shall immediately verify the quality of the Products and their conformity to the order. Any claim for apparent defects or for non-
conformity

shall be sent in writing to the Seller within 8 days of receipt of the Products. For this purpose, the Buyer agrees to produce sufficient evidence of such defects. .

2.5 No return of Products shall be accepted without prior information to the Seller, even in case of delayed delivery. Any Product returned to the Seller without providing prior information to the
Seller as required under article 2.5 shall remain at the Buyer’s risk.

3. Price, invoicing and payment

3.1 Prices are given in the orders corresponding to each Product sold on a unit basis or corresponding to annual subscriptions. They are expressed to be inclusive of all taxes. The prices may be
reevaluated from time to time. The effective price is deemed to be the one applicable at the time of the order.

3.2 Yole may offer a pre release discount for the companies willing to acquire in the future the specific report and agreeing on the fact that the report may be release later than the anticipated
release date. In exchange to this uncertainty, the company will get a discount that can vary from 15% to 10%.

3.3 Payments due by the Buyer shall be sent by cheque payable to Yole Développement, credit card or by electronic transfer to the following account:

HSBC, 1 place de la Bourse 69002 Lyon France Bank code: 30056 Branch code: 200 1565 87BIC or SWIFT c00170 Account n°: 0170 ode: CCFRFRPP IBAN: FR76 3005 6001 7001 7020 0156 587
To ensure the payments, the Seller reserves the right to request down payments from the Buyer. In this case, the need of down payments will be mentioned on the order.

3.3 Payment is due by the Buyer to the Seller within 30 days from invoice date, except in the case of a particular written agreement. If the Buyer fails to pay within this time and fails to contact
the Seller, the latter shall be entitled to invoice interest in arrears based on the annual rate Refi of the «<BCE» + 7 points, in accordance with article L. 441-6 of the French Commercial Code.

3.4 In the event of termination of the contract, or of misconduct, during the contract, the Seller will have the right to invoice at the stage in progress, and to take legal action for damages.

4. Liabilities

4.1The Buyer or any other individual or legal person acting on its behalf, being a business user buying the Products for its business activities, shall be solely responsible for choosing the Products
and for the use and interpretations he makes of the documents it purchases, of the results he obtains, and of the advice and acts it deduces thereof.

4.2 The Seller shall only be liable for (i) direct and (ii) foreseeable pecuniary loss, caused by the Products or arising from a material breach of this agreement

4.3 In no event shall the Seller be liable for:

a) damages of any kind, including without limitation, incidental or consequential damages (including, but not limited to, damages for loss of profits, business interruption and loss of programs or
information) arising out of the use of or inability to use the Seller’s website or the Products, or any information provided on the website, or in the Products;

b) any claim attributable to errors, omissions or other inaccuracies in the Product or interpretations thereof.

4.4All the information contained in the Products has been obtained from sources believed to be reliable. The Seller does not warrant the accuracy, completeness adequacy or reliability of such
information, which cannot be guaranteed to be free from errors.

4.5 All the Products that the Seller sells may, upon prior notice to the Buyer from time to time be modified by or substituted with similar Products meeting the needs of the Buyer. This modifica-
tion shall not lead to the liability of the Seller, provided that the Seller ensures the substituted Product is similar to the Product initially ordered.

4.6 In the case where, after inspection, it is acknowledged that the Products contain defects, the Seller undertakes to replace the defective products as far as the supplies allow and without in-
demnities or compensation of any kind for labor costs, delays, loss caused or any other reason. The replacement is guaranteed for a maximum of two months starting from the delivery date. Any
replacement is excluded for any event as set out in article 5 below.

4.7 The deadlines that the Seller is asked to state for the mailing of the Products are given for information only and are not guaranteed. If such deadlines are not met, it shall not lead to any
damages

or cancellation of the orders, except for non acceptable delays exceeding [4] months from the stated deadline, without information from the Seller.In such case only, the Buyer shall be entitled to
ask for a reimbursement of its first down payment to the exclusion of any further damages.

4.8 The Seller does not make any warranties, express or implied, including, without limitation, those of saleability and fitness for a particular purpose, with respect to the Products. Although the
Seller shall take reasonable steps to screen Products for infection of viruses, worms, Trojan horses or other codes containing contaminating or destructive properties before making the Products
available, the Seller cannot guarantee that any Product will be free from infection.

5. Force majeure

The Seller shall not be liable for any delay in performance directly or indirectly caused by or resulting from acts of nature, fire, flood, accident, riot, war, government intervention, embargoes,
strikes, labor difficulties, equipment failure, late deliveries by suppliers or other difficulties which are beyond the control, and not the fault of the Seller.

6. Protection of the Seller’s IPR

6.1 All the IPR attached to the Products are and remain the property of the Seller and are protected under French and international copyright law and conventions.

6.2 The Buyer agreed not to disclose, copy, reproduce, redistribute, resell or publish the Product, or any part of it to any other party other than employees of its company. The Buyer shall have
the right to use the Products solely for its own internal information purposes. In particular, the Buyer shall therefore not use the Product for purposes such as:

- Information storage and retrieval systems; - Recordings and re-transmittals over any network (including any local area network); - Use in any timesharing, service bureau, bulletin board or
similar arrangement or public display; - Posting any Product to any other online service (including bulletin boards or the Internet);- Licensing, leasing, selling, offering for sale or assigning the
Product.

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 responsi-
ble for respect of the copyrights and will guaranty that the Products are not disseminated out of the company.

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 give the Buyer a maximum of 10 password, unless the multiple sites organisation of the Buyer requires more passwords. The Seller reserves the right to check from time to time the correct
use of this password.

6.6 In the case of a multisite, multilicence, only the employee of the buyer can access the report or the employee of the companies in which the buyer have 100% shares. As a matter of fact the
investor of a company, the joint venture done with a third party etc... can not access the report and should pay a full licence price.

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 notifica-
tion 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 (30) days without solving the problem, the non-breaching Party shall be entitled to terminate all the pending orders, without being liable for any compensation.

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 provi-
sions 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
communicated

to him in due time.

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.



