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In April 2014, Alex Heard, vice-president, Environmental Health and Safety, Sustainability and Recycling 
 Services, at First Solar, Inc. (First Solar), the world’s leading solar energy company based in Tempe, 
 Arizona, was examining the business plan prepared by his team, led by Sukhwant Raju, First Solar’s global 
 director of Recycling. The plan called for the company’s solar module recycling initiative, which currently 
 was treated as a cost centre, to be converted to a profitable business of its own. The motivation behind the 
 efforts of Heard’s team was twofold: to capitalize on Europe’s Waste Electrical and Electronic Equipment 
 (WEEE) regulations that would be phased in starting in February 2014 and to gain a first-mover advantage 
 in the fragmented solar module recycling market. However, except in Europe, no other countries had 
 enacted regulations regarding solar module recycling, although Heard’s team suspected that it was a 
 situation of “not if, but when.” As Heard and Raju reviewed the business plan, they wondered how best to 
 pitch it to Tymen DeJong, First Solar’s senior vice-president of Operations. 

THE SOLAR ENERGY INDUSTRY1 

Background 

 To create solar energy, a photovoltaic (PV) cell was used to trap sunlight and convert it into usable 
 electricity. Assembling numerous PV cells in a panel enabled a larger-scale capture and conversion. Early 
 attempts to use selenium had proved to be inefficient, but in 1953, scientists had discovered the silicon solar 
 cell that had sufficient efficiency to run small appliances. The New York Times trumpeted the discovery of 
 silicon solar cells as, “The beginning of a new era, leading eventually to the realization of harnessing the 
almost limitless energy of the sun for the uses of civilization.”2 

1 This section is based on the following sources: “Regulations in Recycling,” PV Magazine (January 2014), 38-41; “Solar 
 Markets Around the World,” accessed August 2, 2014, http://solarcellcentral.com/markets_page.html; Morgan Jerome 
 Hallmon, Robert A. Burgelman, and Robert Seigel, First Solar, Inc. in 2010 (Stanford, CA: Stanford University, 2010); U.S. 
 Energy Information Administration, “U.S. Energy Facts Explained,” accessed August 2, 2014, 
 www.eia.gov/EnergyExplained/index.cfm?page=us_energy_home; Solar Energy Industries Association, Solar Energy Facts 
 accessed August 2, 2014, www.seia.org/sites/default/files/Q2%202014%20SMI520%20Sheet_0.pdf. 
2 Ibid. 
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 The relative high cost of solar energy, compared with the cost of energy produced using fossil fuels 
 (principally coal), precluded the growth and popularity of this renewable energy source. A gradual 
 reduction in prices increased the use of solar energy, but the continuing wide gap in prices between solar 
 energy and energy from fossil fuels meant that solar energy was used only in special situations, such as the 
 U.S. and U.S.S.R space programs, which had both used solar energy to power their satellites in the 1960s 
 and 1970s. In 1976, while conventional energy typically cost US$0.103 to $0.13 per kilowatt hour (kWh), 
solar energy cost substantially more, at $2.00 per kWh. In the 1980s, large semiconductor companies in the 
 United States, Japan, and Europe set up production facilities to manufacture solar panels for commercial 
 use. As the price of solar cells reduced rapidly in the 1990s (although, at approximately $0.40 per kWh, 
 still not cost-competitive with conventional energy sources), utility companies were attracted to solar 
 energy as an additional energy source to meet peak demands during the day. 

As the solar energy industry developed, some companies identified alternatives to crystalline silicon (CSi), 
 including cadmium telluride (CdTe), which was identified by First Solar, and copper indium gallium selenide 
 (CIGS), which was promoted by Solyndra. All three (CSi, CdTe, and CIGS) competed on efficiency — the 
 rate of conversion of sunlight into electricity — and on the manufacturing cost of the product. The wide 
 popularity of CSi was gradually encroached on by the other two, but the much publicized bankruptcy of 
 Solyndra, in 2011, made it essentially a two-way race between CSi and CdTe. In 2014, First Solar announced 
 that it had achieved a 21 per cent champion cell efficiency rate, on par with that of CSi. 

 Electricity was a secondary energy source that was produced from a variety of “clean” and “non-clean” 
 sources. Collectively, the five renewable sources (i.e., clean sources) of energy (biomass, hydro, 
 geothermal, wind, and solar) accounted for 19 per cent of the global electricity needs, while fossil fuels 
 (i.e., non-clean sources) contributed the biggest share, at 78.2 per cent; nuclear energy accounted for 2.8 
 per cent.4 Fossil fuels were considered “non-clean” because they produced emissions such as carbon 
dioxide, aerosols, and hazardous air pollutants that exerted a negative effect on both the environment and 
human health. Renewable energy sources were increasingly seen as a viable alternative. By 2012, solar 
energy was considered the fastest growing renewable energy source, although it had a much smaller base 
 than any of the other renewable energy sources. 

Germany took the lead in the early 2000s by developing large-scale commercial usage of solar energy. It 
did this by creating a national energy policy and offering generous subsidies to solar panel manufacturers. 
Spain and several other EU countries followed with similar activities. 

The Industry Value Chain 

The upstream segment of the solar energy industry manufactured the basic inputs for cells and panels, such 
as silicon wafers. In this stage of the industry value chain, the steep technology learning curve and high 
capital costs resulted in an oligopoly (principally of Chinese and Korean companies). Unlike the complex 
value chain of CSi technology, thin-film module manufacturing was streamlined, consisting of depositing 
a thin film of semiconductor on a sheet of glass, isolating individual cells, interconnecting the cells, and 
sealing the modules with an encapsulant and a backsheet of glass. 

Most CSi module manufacturers could be considered midstream players because they took manufactured 
 PV cells and the accompanying components and assembled the finished solar modules. Although this stage 

3 All currency denominated amounts are in US$ unless otherwise specified. 
4 REN21, Renewables 2013 Global Status Report (Paris: REN21 Secretariat, 2013), 19, accessed March 2, 2016, 
www.ren21.net/Portals/0/documents/Resources/GSR/2013/GSR2013_lowres.pd 
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 of the industry was traditionally fragmented, it was rapidly consolidating due to excess capacity and because 
of bankruptcies of firms such as Solyndra. 

The next stage of the industry value chain, the downstream segment, involved the installation and maintenance 
 of the systems and was highly fragmented at the consumer level (i.e., the provision of solar energy for 
 residential customers), but fairly consolidated at the commercial level. First Solar had started out as an 
 upstream/midstream player but later integrated into downstream activities at the commercial level. 

Demand 

Solar energy was largely a policy-driven market. Ample political support (in the form of various economic 
 incentives) at the turn of the 21st century had led to several European nations reporting significant demand 
 for solar energy. With Germany, Spain, Italy, and France leading the way, Europe accounted for 74 per cent 
 of the global demand for PV modules. Declining political support for PV modules in Europe coupled with 
 new pro-PV module policies in several Asian countries abruptly changed the market share structure. 
 Europe’s market share quickly declined to 55 per cent in 2012 and to 29 per cent in 2013. Its lead position 
 was replaced in 2013 by the Asia-Pacific region, with China and Japan ranking as the top two PV module 
 markets, followed by the United States. Collectively, Asia accounted for 56 per cent of the total global 
 demand for PV modules in 2013. 

 As solar energy gained popularity in the first decade of the 21st century, the global cumulative installed PV 
 capacity grew rapidly, from 23 gigawatts (GW) in 2009 to 138.9 GW in 2013. The European Photovoltaic 
 Industry Association pointed out that the global cumulative installed PV capacity in 2013 was sufficient to 
 meet the electricity needs of 45 million European households and the total of its produced energy was 
 equivalent to the energy that would have been produced by 32 large coal plants but without coal’s adverse 
 impact on the environment. Building on its historical first-mover advantage, Europe continued to lead the 
 world in cumulative installed PV capacity in 2013 at 59 per cent of total installed capacity, followed by Asia- 
Pacific at 29 per cent, and the Americas at approximately 10 per cent.5 

FIRST SOLAR’S COMPANY BACKGROUND 

 After the failed initial attempt by Harold McMaster, an inventor and entrepreneur, to create a solar energy 
 company, Glasstech Solar, he began exploring cadmium telluride (CdTe) as an option for creating a thin-film 
 solar module. He raised $15 million from investors to commercialize this idea and formed Solar Cells, Inc. in 
 1990. In 1999, True North Partners, the investment arm of Walmart’s Walton family bought a controlling 
interest in Solar Cells, Inc. and renamed it First Solar, Inc. John T. Walton joined the board of directors, and 
Mike Ahearn of the investment company became First Solar’s chief executive officer (CEO). 

First Solar launched commercial production in 2002 and worked to increase the efficiency of its CdTe 
 modules. With an initial efficiency rate of 7 per cent, CdTe was far behind that of crystalline silicon (CSi), 
 which had efficiencies greater than 20 per cent.6 Although CdTe was less efficient than CSi, McMaster’s 
 interest stemmed from CdTe being more cost-effective because it required only a small amount of coating 
 on the glass surface. However, First Solar’s goal was to increase the efficiency level of CdTe to reduce the 
 efficiency gap with CSi. 

5 European Photovoltaic Industry Association, Global Market Outlook for Photovoltaics 2014–2018, (Brussels: European 
 Photovoltaic Industry Association, 2014), 17, accessed March 2, 2016, www.cleanenergybusinesscouncil.com/site/resources/ 
 files/reports/EPIA_Global_Market_Outlook_for_Photovoltaics_2014-2018_-_Medium_Res.pdf. 
6 Morgan Jerome Hallman, Robert A. Burgelmon, and Robert Siegel, op. cit. 

 
 
 
  



 

Page 4  

 First Solar, Inc. went public in 2006 through an initial public offering (IPO) on the NASDAQ market and 
 traded under the symbol “FSLR.” As the company increased the efficiency of its CdTe panels, its revenues 
 grew and profits kept pace. In FY2009, it reported revenues of $2.1 billion and profits of $640 million, 
 making it the world’s largest manufacturer of PV modules. However, the global financial crisis from 2007 
 to 2010 severely affected the entire PV industry. First, Western European countries began cutting back on 
 their subsidies for solar energy, thereby affecting demand. Second, the weakened financial position of banks 
 reduced the funding of solar projects. Finally, the increased demand of the previous years had attracted new 
 competitors (principally from China), resulting in PV module supply being greater than the demand, thereby 
 reducing prices. In FY2010, First Solar experienced noticeable declines in both its gross margins (46.21 
 per cent in 2010 versus 50.56 per cent in 2009) and net margins (25.91 per cent versus nearly 31 per cent). 
A $100 investment in First Solar stock at its 2006 IPO was worth $1,075.34 on December 29, 2007 but 
declined to $526.03 on December 31, 2010. 

 The supply-demand imbalance continued to increase in subsequent years, and First Solar made several 
 strategic moves in 2012. It decided to close it manufacturing facilities in Frankfurt (Oder), Germany, and 
 shut down a sixth of its production lines in its Malaysian plant. In addition, it announced the termination of 
 2,000 positions (approximately 30 per cent of its workforce) and claimed that these moves, while incurring 
a one-time cost of between $245 million and $370 million, would result in an immediate savings of $30 
 million to $60 million in the current year and $100 million to $120 million annually thereafter. In providing 
 the rationale for these moves, (then) CEO Mike Ahearn said: 

 After a thorough analysis, it is clear the European market has deteriorated to the extent that our 
 operations there are no longer economically sustainable, and maintaining those operations is not in 
 the best long-term interest of our stakeholders. . . . Decisions like this are not easy, especially given 
 how important the European markets and our associates in Europe have been to the development of 
 our Company and the solar industry as a whole. . . . The solar market has fundamentally changed, and 
 we are quickly adapting our market approach and operations to maintain and build upon our 
 competitive advantage. . . . After a period of robust growth, First Solar is scaled to operate at higher 
volumes than currently exist following the reduction of subsidies in key legacy markets. As a result, 
it is essential that we reduce production and decrease expenses to reflect the smaller volume of high- 
probability demand we forecast. These actions will enable us to focus our resources on developing 
the markets where we expect to generate significant growth in coming years.7 

 In addition, First Solar moved, organically and via acquisitions, to become vertically integrated into the 
 downstream segment of the solar energy value chain. Starting in 2009, it made several key global acquisitions 
 and became a provider of complete turnkey PV solar power systems.Although PV modules accounted for more 
 than 55 per cent of total revenues in FY2011, by FY2013, its share was down to approximately 11.5 per cent, 
 whereas systems comprised more than 88 per cent of total revenue. The company also made a conscious move 
 to diversify its geographic base, rather than depend largely on Europe (given the significant reduction in subsidies 
 for solar energy in this market). Europe accounted for approximately 60 per cent of total revenues in FY2010, 
 but decreased to 5 per cent in FY2013. In 2013, the United States was First Solar’s largest market with 86 per 
cent of total revenues, followed by Canada with 8 per cent. 

 In FY2013, First Solar reported revenues of $3.309 billion and net income of $353 million. It employed 
4,850 people (called “associates”), with 3,675 working in module manufacturing, 375 in systems, and the 
rest in research and development, marketing and sales, and general administration. James A. Hughes 
became the CEO of the company in May 2012. 

 7 First Solar, Inc., “First Solar Restructures Operations to Align With Sustainable Market Opportunities,” press release, April 
17, 2012, accessed August 16, 2014, http://investor.firstsolar.com/releasedetail.cfm?ReleaseID=664717. 
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SOLAR MODULE RECYCLING 

The concept of life cycle analysis originated in the 1960s, when scientists sought to understand the impact 
of increased global energy consumption. The outcome of this research was the development of a “systems 
approach to evaluating the environmental consequences of a particular product, process, or activity from 
 ‘cradle to grave’.”8 A key step in this approach was waste management, which included recycling as a 
 recommended procedure (as opposed to disposal). Two approaches to recycling were identified: open-loop 
 recycling, in which the focal product (or its components) was recycled into a different product, and closed- 
 loop recycling, in which the focal product (or its components) was recycled into the same product in several 
 iterations such that the environmental effects of the focal product would be near zero over the product’s 
 life9 (see Exhibit 1). 

 To fulfill its mission “to create enduring value by enabling a world powered by clean, affordable solar 
 electricity,” First Solar developed a three-pronged effort, focusing on the social, economic, and 
 environmental aspects of doing business. The social aspect focused on job creation, being a good neighbour, 
 creating a safe workplace, and ensuring a responsible supply chain, whereas the economic pillar was aimed 
at both its customers (e.g., by ensuring global access to clean energy and creating sustainable markets) and 
its investors (e.g., by improving financial performance and striving for a top ranking). The emphasis of the 
environmental goal was on minimizing the company’s footprint, or ecological impact, on a life cycle basis. 
 To ensure it met this goal, First Solar had placed a significant focus on recycling solar modules early on in 
 the company’s inception. 

 In 2005, First Solar launched the solar energy industry’s first comprehensive and voluntary solar module 
 collection and recycling program for its global customers. This program was prefunded by the company, 
 which set aside a portion of its sale proceeds for solar module collection and recycling. Customers did not 
 pay extra for solar module disposal, and the entire life cycle management costs were borne by First Solar 
 from the sale of the solar modules. Given that the average life of a solar module was 25 years, First Solar 
 had put aside a designated portion of the sales revenue to be used to cover the costs of collection 
 (transportation from the customer’s site to the recycling facility was a significant cost) and recycling. First 
Solar estimated a recycling cost of $0.04 per watt when it had initiated the prefunded program. 

 In 2007, several Europe-based solar energy players set up a voluntary organization, PV Cycle, with the 
 objective of providing, via national partners across Europe, take-back and recycling services for the solar 
panel industry. In 2010, PV Cycle commenced its recycling operations, using a network of collection points, 
certified waste transporters, and recycling partners. Its services were free for solar panel customers but 
producers paid to become members of PV Cycle. 

8 Susan Svoboda, Note on Life Cycle Analysis (Ann Arbor, MI: National Pollution Prevention Center for Higher Education, University 
 of Michigan, 1995), 2, accessed August 21, 2014, www.umich.edu/~nppcpub/resources/compendia/CORPpdfs/CORPlca.pdf. 
9 Ibid., 5. 
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THE WEEE DIRECTIVE 

The EU was significantly ahead of the United States in terms of recycling and creating energy from waste 
products. In 2014, the United States had an energy-from-waste conversion rate of 7 per cent compared with 
the EU’s rate of 40 per cent.10 

 In January 2003, the EU initiated the Waste Electrical and Electronic Equipment (WEEE) directive, which 
 initially covered the treatment of electronic and electrical equipment that had reached its end of life. PV 
modules were included in 2012, and following an 18-month preparation period, came into effect (i.e., 
became law) in all EU member states on February 14, 2014. A trade magazine reacted to the inclusion of 
PV modules to the WEEE directive: 

For the industry itself, the changes bring an added eco dimension to the entire cycle of PV 
production, installation, use, and disposal. Although by its very nature environmentally friendly, 
the solar industry has had to ward off accusations from skeptics that it is not as green as the wider 
 public perceives. This updated directive will enable the PV industry to confidently and 
 transparently display its eco credentials, advertising a supply system that is able to recycle as much 
 as 95 per cent of all components used.11 

The WEEE directive extended the producer’s responsibility to include collection and recycling at no extra 
 charge to the end-user. An industry expert clarified the definition of a producer as per the directive: 

It is very important to understand the word “producer,” because it is not necessarily the 
manufacturing company that is responsible for abiding by the WEEE directive; it is the first legal 
or natural person to put the PV module, on a professional basis, into an EU market. A local 
manufacturer who is established in, let’s say Germany, will sell PV modules in Germany. If they 
are the first to manufacture the modules under their own name, then they are the producer. But it 
 may also be that they import them. So an installer or distribution company — whoever is the first 
 party to bring a PV module onto a specific EU market for commercial action — is classed as the 
 producer.12 

As per the WEEE directive, solar panel producers were required to mark their products with the crossed- 
out wheelie bin symbol, to indicate that the end-user should not dispose of the product as normal waste, but 
 should instead follow the producer’s instructions for the take-back process. In mid-2014, no countries or 
 regions of the world apart from the EU had clear or stringent regulations regarding the disposal and 
recycling of end-of-life PV modules. In the United States, the disposal and recycling of PV modules was 
regulated by the Federal Resource Conservation and Recovery Act (RCRA) and various state laws; 
 however, the RCRA regulated specific disposal procedures only for hazardous wastes. The vast majority 
 of solar panels in the United States passed the hazardous waste characterization test and hence were not 
 regulated as hazardous waste.13 

10 Rachelle Gordon, “Recycling Rates: U.S. vs. Europe,” blog post, August 5, 2015, accessed February 25, 2016, 
 http://recyclenation.com/2015/08/recycling-rates-u-s-vs-europe. 
11 “Regulations in Recycling,” op. cit., 1. 
12 Ibid., 1. 

13 Social Energy Industries Association, “Current Recycling Regulations,” accessed September 4, 2014, 

 www.seia.org/policy/environment/pv-recycling. 
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THE SOLAR MODULE RECYCLING BUSINESS OPPORTUNITY 

First Solar’s corporate responsibility statement encompassed its mission and its commitment to 
 sustainability: 

As a responsible renewable energy company, First Solar is committed to sustainable business 
practices. Our mission is to create enduring value by enabling a world powered by clean, affordable 
solar electricity. We offer an eco-efficient energy solution that provides more solar electricity, at a 
competitive cost, and with the smallest environment impacts per kWh on a lifecycle basis.14 

To reinforce its responsibility to the environment, First Solar periodically reported various sustainability 
metrics (see Exhibit 3). In FY2014, the company was working on its first sustainability report by following 
the guidelines set by Global Reporting Initiative, a Europe-based organization. 

Because it represented a clean energy alternative, the solar energy industry had focused on recycling for 
approximately a decade. First Solar began its global recycling program in 2005, and PV Cycle began its 
 operation in 2007. Whereas the solar module recycling efforts among companies in Europe were organized 
 and formalized, First Solar confronted a fragmented and unorganized market for recycling in the United 
 States. Because of its use of CdTe as the basic input in its solar modules, First Solar invested in in-house 
 recycling facilities when it found few entities that had expertise in this area. 

 First Solar’s initial recycling program available to its customers was a prefunded program whereby the 
 product’s end-of-life collection and recycling costs were added to the product’s cost at the time of the initial 
 sale. The proceeds from this program were set aside in an independent trust fund that bore the costs of 
 recycling. First Solar’s challenge was to contain the costs of recycling so that they did not exceed the money 
available in the trust fund. When at the end of FY2012, the prefunded program was discontinued in all 
markets except the EU, Joseph McCabe, an independent alternative energy expert voiced his criticism: 

 First Solar’s eliminating the prefunding for end-of-life recycling did not get much attention after 
 the February [2013] earnings call, but it should have. Recycling and environmental stewardship 
 was once a cultural touchstone for First Solar during Bruce Sohn’s tenure as president from 2007 
 to 2011. . . . the decommissioning and recycling costs will likely far exceed what First Solar was 
 previously prefunding. CdTe can be an expensive material to throw away. It cost the [U.S. 
 Department of Energy] at the very least $0.20/watt [to minimize the environmental damage after a 
 solar energy company went out of business, compared with the $0.04/watt that First Solar estimated 
 for its prefunded program]. . . . Environmental stewardship will need to be addressed, if not by the 
 manufacturer, then by the communities installing these systems. There is a new race: the race to 
avoid paying for end-of-life costs. The loser of that race is becoming clear: the public, because we 
don’t even know we’re in the race. If only the race were for dominance in environmental 
 responsibility.15 

 First Solar’s Alex Heard refuted McCabe’s contention that the company had abdicated its environmental 
 stewardship role by discontinuing the prefunded program. He spoke about First Solar’s commitment to 
recycling and the launch of a new program whereby customers were offered recycling services via a 
separate contract: 

14 “Corporate Responsibility,” First Solar, Inc., accessed March 2, 2016, www.firstsolar.com/en/About-Us/Corporate- 
Responsibility.aspx. 
15 Joseph McCabe, “First Solar’s Stewardship of Recycled CdTe Modules in Question,” gtm, August 27, 2013, accessed 
 September 4, 2014, www.greentechmedia.com/articles/read/First-Solars-Stewardship-of-Recycled-CdTe-Modules-in- 
 Question. 
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 First Solar has not eliminated its end-of-life program. First Solar continues to provide recycling 
 services, operate recycling facilities, and invest in recycling technology to promote high-value 
 recycling and extended producer responsibility [EPR]. Product stewardship, or EPR, is the act of 
minimizing the impacts and maximizing the economic benefits of a product and its packaging 
 throughout its lifecycle. By offering a competitive recycling service [RSA or recycling service 
 agreement] to our customers, First Solar is proactively and voluntarily practicing EPR. 

First Solar amended its prefunded program to better suit the needs of its changing customer base 
 of utility-scale PV power plant owners. Commercial customers . . . don’t want to pay upfront for 
 recycling services that will be needed 25 years from now. Similarly, a nuclear, coal, or gas power 
 plant owner only pays for decommissioning at the end of the plant’s operational lifetime. It is more 
 efficient to finance PV recycling through later-year project cash flows instead of upfront funding.16 

First Solar’s new RSA benefited customers in two ways. First, in contrast to the prefunded program, where 
the sale price included the additional recycling costs, the RSA was a flexible, pay-as-you-go program that 
customers could enter into at any time. Second, the RSA enabled customers to pay less for recycling because 
First Solar’s costs decreased over time as a result of various efficiencies. Starting in early 2013, First Solar 
rolled out the RSA to all its customers except those in the EU, where the rules called for the producer to 
bear the recycling costs as part of the product’s sale price or through pay-as-you-go contracts, depending 
on business-to-consumer or business-to-business transactions and based on country-specific rules (see 
Exhibit 4). 

 With the new RSA, recycling moved from being a cost centre to being a profit centre (the RSA was priced 
 to absorb the company’s recycling costs and included a profit margin), and Sukhwant Raju’s team was 
 expected to both develop expertise in CdTe recycling and drive down the costs of the processes. The 
 facilities in Perrysburg, Ohio, included significant space for recycling and, as the company wound down its 
 presence as a manufacturer in Europe, it converted space at its former manufacturing plant in Frankfurt 
 (Oder), Germany, into a stand-alone recycling facility. In addition, the company’s Malaysian manufacturing 
facilities included dedicated space for recycling. 

 As Heard and Raju shepherded First Solar’s expansion of its recycling services as a profit centre, they 
 discussed the idea of rolling out the RSA model to the industry at large and not just to First Solar customers. 
Raju spoke about the rationale for this foray: 

 There is both a dry (mechanical) and a wet (chemical) process involved in PV module recycling. 
 In the dry process, the goal is to separate the glass from the rest of the module and recycle it for 
 future use. The dry recycling process market is fragmented with many players coming into this 
 space from other industries because of their expertise in various mechanical processes. In the wet 
 process, the goal is to separate the chemicals (principally cadmium and tellurium) and process them 
 for future use. We are the only player who is capable of both dry and wet separation in that we do 
all the dry separation in-house and most of the wet separation (a third-party further refined the 
 semiconductor material from wet separation) also. 

 First Solar’s initial investment in recycling (at a capital cost of $5 million) mirrored the batch process used 
 in the mining industry, whereby the entire module (glass and liquid chemicals) moved from one separation 
process to another. Subsequently, in 2011, the company moved to a different process based on the chemical 

16 Alex Heard, “First Solar Fires Back on Recycling Charges and Decommissioning Costs,” gtm, August 28, 2013, accessed 
 September 4, 2014, www.greentechmedia.com/articles/read/First-Solar-Fires-Back-On-Recycling-Charges-and- 
 Decommissioning-Costs. 
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industry, wherein the glass panel remained in a fixed spot while various liquids separated the parts. The 
 new process, which was funded by a $7 million capital outlay, tripled the daily recycling output compared 
with the previous process. 

 Raju regarded the extant recycling market as being fragmented even at the mechanical level (and non- 
 existent at the chemical level) and felt that First Solar had a tremendous opportunity in this space. Because 
First Solar was the number-one global PV module recycling operator in the industry (and the pioneer), both 
 Raju and Heard believed that their company had both scale and cost advantages over others, many of whom 
were recycling players in other industries (such as metals and consumer electronic recycling) and had added 
PV module recycling as a separate area of business. 

In addition, First Solar’s 2013 acquisition of TetraSun, an innovator of a CSi panel technology, not only 
enabled the company to enter into the manufacture and sale of the principal technological competitor to 
CdTe but also motivated it to become familiar with the recycling of CSi panels. In announcing the 
acquisition, CEO Hughes laid out the rationale: 

This breakthrough technology will unlock the half of the PV market which favors high-efficiency 
solutions, which has been unserved by First Solar to date. . . . This new capability to meet the needs 
 of customers with distributed generation applications, coupled with our leading [CdTe] offering 
 which remains the benchmark for utility-scale systems, gives us a unique end-to-end suite of 
 solutions to serve the full spectrum of commercial applications.17 

 The principal challenge to parlaying recycling into a profit centre came from the fast growing Asian 
markets. Given the lack of clear and enforceable policies, most PV customers in Asian countries could 
choose to dispose of panels in landfills. This option incurred a potential environmental hazard in the form 
 of leaching risks in non-sanitary disposal facilities. However, the landfill option, in 2014, was cheaper than 
 recycling. 

 Raju believed that two factors favoured recycling over landfills in the future. The first factor was the 
 increasing cost of landfills due to population growth in countries such as India and China that had a 
 significant impact on land prices. The second factor was the global movement toward closed-loop disposal 
 methods where disposal led to reuse that was enabled by recycling as opposed to storage in landfills. 
 According to a study done by Parikhit Sinha, First Solar’s director of Sustainable Development, the costs 
 to recycle PV modules were decreasing rapidly, while the costs of disposal via landfills were increasing. 
Sinha’s projections indicated that: 

Increased volumes of solar modules at end-of-life and greater experience in recycling, accompanied 
 by rising disposal costs, will likely lead to recycling becoming more commercially attractive and 
 result in higher volumes of collection and recycling.18 

 In the United States, the largest problem was the lack of a national PV recycling policy. Without a mandate, 
 industry engagement in PV recycling was fragmented and commercial entities were less likely to enter the 
 marketplace. With regard to technical solutions, efficient PV module delamination methods were critical to 
cost-effective recycling. From an infrastructure perspective, the ability to transport end-of-life PV modules 
from project site to recycling facility with minimal bureaucracy was necessary for cost-effective recycling. 
For example, the waste classification of end-of-life PV modules could differ by region (e.g., the California 

17 First Solar, Inc., “First Solar to Acquire TetraSun to Expand Addressable Market Opportunity,” press release, April 9, 2013, 
 accessed October 24, 2014, http://investor.firstsolar.com/releasedetail.cfm?ReleaseID=755337. 
18 Andreas Wade, “Evolution of First Solar’s Module Recycling Technology,” PowerPoint for First Solar Inc., 2013. 
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state classification versus the U.S. federal classification) and by inter-country waste transport, according to 
the Basel Convention. 

In 2014, the recycling of aluminum frames and copper wiring could be done efficiently through the existing 
 infrastructure. High-value recycling (e.g., the recovery of energy-intensive, high-value, and 
 environmentally sensitive materials as well as bulk materials) required more research and development. In 
 general, because a PV module was a monolithic structure, the recycling of PV components generally 
 required separation (i.e., delamination) of that structure, either through physical crushing, chemical 
treatment, thermal treatment, or some combination. 

 While no one at First Solar was clear about the time frame of recycling’s ascendance over landfill disposal, 
it could happen at around the time the first quantity of end-of-life PV panels entered the market, first in 
Europe and then elsewhere in the world. 

Given solar energy’s vaunted environmental benefits, both Heard and Raju were keen on launching First 
 Solar’s recycling efforts as a profit centre. To them, doing so would further emphasize solar energy’s 
 advantage over fossil-based fuel alternatives and would thus enable First Solar to make a strong case for 
 demonstrating that sustainability initiatives did not conflict with a company’s responsibility to its myriad 
stakeholders. Although Europe’s WEEE regulations provided an opportunity, the lack of such regulations 
 in both the growing markets of Asia and in the United States made this approach a compelling challenge in 
 terms of timing. 
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EXHIBIT 1: THE VALUE CHAINS OF CADMIUM TELLURIDE TECHONOLOGY VERSUS 
 CRYSTALLINE SILICON TECHNOLOGY 

Notes: CdTe = cadmium telluride. 
1 typical cycle length. Source: 
Company files. 

EXHIBIT 2: THE PHOTOVOLTAIC MODULE RECYCLING VALUE CHAIN 

Note: CdTe = cadmium telluride. 
Source: Company files. 
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EXHIBIT 3: FIRST SOLAR’S SUSTAINABILITY METRICS, 2010–2013 

 Benchmark 
METRIC 2010 2011 2012 2013 (Industry 
 Average) 

Safety Performance1 
 First Solar 0.69 0.43 0.39 0.44 4.40 
 EPC Contractors (installation) 0.93 0.81 0.72 1.06 4.50 
Waste Generation2 17.0 17.6 17.9 12.8 35.5 (2009) 
Waste Recycling versus Disposal (%)3 NA 19:81 17:83 16:84 
Energy Consumption4 0.31 0.31 0.34 0.29 0.34 (2009) 
Water Consumption5 1.73 1.68 1.64 1.46 1.87 (2009) 
Greenhouse Gas Emissions6 194 200 193 198 246 (2008) 

1 Number of recordable injuries and illnesses per 200,000 hours of exposure 
2 Grams per watt produced 
3 Percentage ratios (recycling:disposal) 
4 Kilowatt hour per watt produced 
5 Litres per watt produced 
6 Tonnes of carbon dioxide per megawatt 

Note: EPC = engineering procurement construction; NA = not available 
Source: “Sustainability Metrics,” First Solar Inc., accessed October 23, 2014, www.firstsolar.com/en/About-Us/Corporate- 
Responsibility/Sustainability-Metrics.aspx 
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EXHIBIT 4: A COMPARISON OF VARIOUS APPROACHES TO RECYCLING SOLAR PANELS 

First Solar Prefunded First Solar Recycling 

Service Agreement PV Cycle* EU’s WEEE Framework 

 End-of-life costs were 
added to sale price at the 
time of sale. The funds 
were placed in an 
independent trust fund 
and used to cover the 
future recycling costs. 

 The customer signed a 
separate recycling service 
agreement (RSA), which 
committed the customer 
to recycling at a price 
guaranteed for a two-year 
term. First Solar funded 
the recycling costs from 
the RSA proceeds. 

 A voluntary program 
whereby industry players 
funded the recycling 
program through their 
membership fees. 

 The WEEE regulations 
mandated recycling for all 
PV technologies (CSi, 
CdTe, etc.) and set 
specific recycling targets. 

 Pros 
 Convenient (no 

separate billing 
for recycling) 

 Effective for low 
 volumes 

 Pros 
 Globally 
 available 
 Cost-effective 
 and scalable 
 Pay-as-you-go 
 payment terms 
 Customers 
 benefit as 

recycling costs 
drop 

 Pros 
 Cost-effective to 

cater to retail 
customers 

 Pros 
 Ensures 

compliance 
 Ensures a level 
 playing field for 

all producers and 
PV technologies 

 Cons 
‐ Higher sale price 

(not competitive) 
‐ Not scalable 

 Cons 
‐ Not signed by all 
 players 
‐ Risk of free 
 riders 
‐ Lacks credible 
 long-term 

financing 
mechanism 

 Cons 
‐ Specific to EU 

countries; not 
applicable 
elsewhere 

*PV Cycle was both a program and the name of the overseeing organization. As the EU moved to the WEEE regulations in 
2014, PV Cycle transformed itself into a recycling provider, offering its services to the market. 
Note: PV = photovoltaic; WEEE = Waste Electrical and Electronic Equipment; CSi = crystalline silicon; CdTe = cadmium 
 telluride. 
Source: Adapted from a company documents. 
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