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“Mono and multi production 50:50 in 2018, but mono is the future.” !

It was March 5, 2018. Dr. Quincy Chen, Chairman and CEO, Thomas Hu, CTO, and Jiyuan Li, CFO,
were gathered in the offices of EnGuang Solar. Meixi Yang, the COO, was connected to the meeting
virtually. They were preparing strategic recommendations to present at the Board of Directors
meeting taking place in a few days. EnGuang Solar was at a crossroads, and its management faced
a difficult decision. Recent technological developments and manufacturing process improvements
in the production of solar panels meant that higher efficiency monocrystalline (“mono”) panels
could now be produced at a lower cost than previously thought possible, creating a potential
opportunity for the company to increase its watt peak (Wp) production without substantially
increasing costs per watt.2 The company had historically exclusively produced multicrystalline3
(“multi”) panels and needed to make a decision whether to switch to mono panel production.
Adopting the new technology would require a significant shift in the company’s raw material
supply chain and a re-tooling of its manufacturing equipment. It also raised some challenging
questions regarding what to do with existing multi specific inventories if the company decided to
transition to the mono panels.

EnGuang Solar was a Chinese Tier 2 solar photovoltaic (PV) module manufacturer located on the
outskirts of Hefei, the capital and largest city of Anhui Province, in the People's Republic of China.
Since its launch, EnGuang Solar had exclusively manufactured multi solar panels for use in both
the residential (“roof-top”) and commercial markets. It was founded in 2003 by Chang Huang using
funds provided by the family office that managed the considerable wealth of the Huang family. At

1 https://www.pv-tech.org/mono-and-multi-production-5050-in-2018-but-mono-is-the-future/
2|nthe PV industry, Wp was the variable used to measure the output (i.e.: the amount of energy each panel was able to produce).

3 Also known as polycrystalline (“poly”).
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the time of the case, the business remained majority family owned. Huang had retired after 10
successful years building the business into a mid-sized player in the Chinese solar panel
manufacturing industry and passed management of EnGuang Solar to Chen and Hu. During the
subsequent 5 years, Chen and Hu guided the company through a challenging competitive
environment that saw multiple competitors fail. Oversaturation in production capacity in the
industry was an issue, in addition to multiple unanticipated negative demand shocks for solar
panels, including the European sovereign debt crisis and the US implementation of anti-subsidy
duties on Chinese solar panels. A constant managerial challenge for Chen and Hu was finding a
balance between investing in new technologies to improve efficiency while avoiding expenditures
on promising looking innovations that ultimately would not persist.

Producing a finished solar panel involved several key steps common to both multi and mono
panels (see Exhibit 1). Raw silicon was manufactured into ingots (a single ingot for mono or a
block of ingots for multi) before being sliced into wafers. Wafers were then manufactured into
solar cells which were combined to form solar panels or modules. In the PV industry, the
production chain from raw silicon to solar panels usually involved 3 major types of companies
focusing on all or only parts of the value chain: (1) producers of solar cells from raw silicon
(i.e. companies that controlled the whole value chain), (2) producers of wafers from raw silicon
(i.e. companies that managed the production chain up to the slicing of silicon wafers and then
sold those wafers), and (3) producers of solar cells from silicon wafers (i.e. manufacturers with
wafer-to-cell-to-panel production equipment). EnGuang Solar was a type (3) company. It
purchased finished wafers from various suppliers and converted those into finished solar panels.

At the start of 2018, the PV industry was booming. Global PV installations reached 415 gigawatts
(“GW”) in 2017, an annual increase of 98 GW from 2016. Also, the future looked promising.
Analysts estimated that 460 GW of PV would be installed globally from 2018 to 2021, more than
doubling the current installed capacity (Exhibit 2). Although consumption was spread around
the most developed countries in the world, the production of solar panels was concentrated in
just a few countries. Global PV shipments were approximately 92 GW in 2017 and 98% of those
came from Asian countries, with China supplying 57% (Exhibit 3). Only China had over 130 GW
of cumulative PV installations.*

Mono silicon cells were the first commercially available solar cells in the 1950s and were the
dominant technology until the late 1990s when multi silicon solar cells gained popularity due to
their lower production costs. However, with advancements in manufacturing techniques and
improvements in technology, mono panels had regained popularity in recent years. Significant
research and development efforts led to new technologies like passivated emitter rear contact
(PERC) cells, which significantly improved the efficiency of mono panels. More and more
companies were expanding their mono solar panel capacity in lieu of multi.> Longi Solar, one of
the largest solar panel manufacturers in the world and one of the first to focus almost exclusively
on mono, had recently announced a record 23.6% conversion efficiency for mono PERC solar
cells.® Longi Solar’s top management believed that the PV industry would completely move to
mono silicon panels in the coming years and had plans to shut down its existing multi silicon
panel capacity.” Also, according to a recent PV Manufacturing & Technology report, mono cell
production was forecast to account for almost 50% of all crystalline silicon cell production in

4Source: NREL (National Renewable Energy Laboratory). Solar Industry Update Q4 2017/Q1 2018.

> Neo Solar was the latest company to pivot towards mono, announcing plans to build 1 GWp of mono silicon capacity.
https://www.pv-tech.org/neo-solar-power-to-shift-all-production-to-monocrystalline-perc/

6 https://www.pv-tech.org/longi-hits-record-23-6-conversion-efficiency-for-mono-perc-solar-cells/

7 https://www.greenworldinvestor.com/2017/01/19/lerri-solar-panels-review-types-monocrystalline-technology/
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2018 and was expected to become the dominant technology used in the PV industry by 2019.8
Some experts in the industry continued to question the viability of the new mono technology
and whether manufacturers would be able to optimize costs further in the future. Several times
over the past 10 years competitors had bet against the continued dominance of multi and lost.
But this time, it seemed different.

In 2017 EnGuang Solar produced 1GWp® of multi panels, close to its full capacity. The company
generated revenues of $375 million with net profits of $7 million. Running production equipment
near full capacity was critical to maintaining acceptable operating profit margins. The company’s
manufacturing plant consisted of 10 production lines that converted silicon multi wafers into
finished 60-cell solar panels. The average multi panel had an output of 300 Wp. The plant worked
close to 24/7 (approximately 160 hours per week) and, in normal conditions, it could handle a
weekly production of 20,000,000 Wp of multi panels. It had 430 employees, with nearly the entire
manufacturing department on temporary contracts that could be cancelled at any time.

Adopting the new mono technology would require a re-tooling of EnGuang’s manufacturing
equipment. Shifting a production line from multi to mono could be done in a week and, with the
help of the manufacturing labor force, Yang estimated they could transition up to 10 lines
simultaneously if needed. During the transition of a line, the laborers typically assigned to that line
would either assist with the transition or would be furloughed without pay during the transition.
The transition cost would require an investment of around $600,000 per line, which included all
equipment and related labor expenses. Reversing any change from multi to mono would be very
costly and likely economically unfeasible given the modifications required. Hu estimated that, if
the company decided to shift its production to mono, the adaptation could start immediately.

Additionally, shifting to mono would impact the cost of production and require switching suppliers,
which Li acknowledged was not without some risk. However, in the prior week EnGuang had
received a supply proposal from a reputed producer of wafers it had worked with in the past that
promised guaranteed volumes of ‘mono wafers for the next two years at attractive prices.
According to Li, with the new technology and proposed supply agreement for mono wafers,
EnGuang Solar could produce monocrystalline cells and panels at $0.343 per Wp (Exhibit 5), as
compared to the $0.328 (Exhibit 4) current cost of multi panels.

A transition to mono would also introduce sales volume and price uncertainty. EnGuang Solar
benefited from established customer relationships and typically had been able to sell all the
panels it produced if it met the predominant market price per Wp. Weekly sales for EnGuang
solar on average had matched production (i.e., 20,000,000 Wp). However, mono panels were
expected to be 20% more efficient than the current multi panels (i.e., an output of around
360 Wp per panel instead of 300 Wp), meaning the company could satisfy its current demand
for 20,000,000 Wp per week with less panels.

Chen had discussed expectations with Yang (COO) and the marketing team earlier that day. The team
was optimistic about the promising market for mono and believed that EnGuang’s distribution
channels would likely accept the change from multi with minimal lost relationships. Customers valued
the higher Wp efficiency of mono, which provided savings in transportation/storage, installation and,
most importantly, enabled greater energy generation per square meter for space constrained
projects (like roof-top installations). In fact, Li noted that in the past year, mono panels had sold at a
premium that varied from around $0.02 to $0.04 per Wp compared to multi panels. Yang unmuted

8 https://www.solarpowerworldonline.com/2017/11/entering-pv3-0-high-efficiency-monocrystalline-panel-dominance/
91GW = 1,000,000,000 W (10° W)
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