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Silver's Role in Solar Energy 

This article is based in part on research from Silver Markets for Photovoltaics 

 The solar industry isn't the largest consumer of silver, but it is a growing market that could give 

silver producers a boost. Most of the markets that silver serves follow traditional supply-demand 

economics and therefore competition is based on price, product line, and service, for example. 

However, in the presence of a hyper-growth industry such as the photovoltaic industry (and 

especially the thin-film photovoltaic industry), companies that recognize new or growing 

opportunities relating to photovoltaics, and that tailor their offerings and services to capitalize on 

those opportunities, will stand to benefit ahead of the others. 

A particularly good example of this phenomenon is the use of indium. While indium's predominant 

use is for ITO--the main transparent conductor used by the display industry--it is also a critical 

(and costly) component of the thin-film PV technology referred to as CIGS (copper indium/gallium 

diselenide). Indium is an extreme example, since it is such a large component of CIGS PV material 

costs and since CIGS PV is expected to make up close to 10 percent of the indium market by 2016; 

however, a similar situation applies to a number of other metals, including silver. These metals are 

well-established industrially, but are also used (or potentially used) in a photovoltaic niche that 

presents a significant growth market. 

While the overall markets for silver are dominated mainly by its established, "conventional" uses, 

there are a number of emerging technologies that also use silver, and these rapidly growing 

technologies will account for a disproportionate amount of the growth in the silver market. 

Silver in Electronics: Market Evolution 

Silver, including easily applied silver inks and pastes, is widely used in the electronics industry. It is 

easy to see why: Silver is the most conductive metal, bar none, and its oxide is also conductive, 

minimizing the impact of the oxidation that is unavoidable with almost any metal. It has been used 

as a conductor since the beginning of the electronics industry, so its properties are well-

understood. Silver is especially well-suited to inks, in part because of the properties of its oxide, 

and because the contact resistance between particles deposited from an ink is extremely low. 

While other conductive inks--most notably copper--are also available, they are generally not as 

conductive when applied as an ink as compared to, say, a drawn wire. In fact, printing with silver 
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inks has been done for decades for graphics applications. Now, silver nanoparticle inks are being 

developed and used with the promise of improvements in performance, cost of use, and 

functionality with inkjet printing. 

Silver inks and pastes continue to occupy a unique position in the printable electronics industry. 

They are by far the most commercialized of all printable electronic materials. They are widely used 

to create electrodes in a variety of applications, mostly by screen printing. Many uses of silver inks 

are still emerging, including RFID antennas, a product that could end up being produced by the 

billions. Today, there may be as many as 35 firms currently supplying silver inks for electronic 

applications. 

The use of silver is, of course, partially linked to the price of silver. The price of silver has been 

fairly volatile over the past several years, ranging as high as $20 per ounce in mid-2008 and back 

down to about $10 per ounce in early 2009. Much of the recent decline in silver prices is due to 

the ongoing worldwide recession, which has reduced demand for most industrial silver, including 

for products made with silver inks. This volatility does introduce a level of uncertainty into the use 

of silver inks, but generally where an ink is the preferred form of a conductor, silver inks' benefits 

far outweigh the relative cost, even at high silver prices. Price is only one factor in the market for 

silver conductive inks, and such inks generally contribute only a relatively small portion of the cost 

of the products that use them. 

Silver in Photovoltaics 

A major and growing use of silver within the electronics industry is in photovoltaic applications. 

This area has grown rapidly in the last five years or so, mainly due to concern about fossil fuels; 

this concern includes their generally high prices, the environmental impact of extracting and 

burning them, and worries about the political stability of the regions that produce them. Growth in 

photovoltaics has been further promoted by government incentives encouraging renewable energy 

in certain jurisdictions.  

All that being said, since the onset of the global liquidity crisis and recession, NanoMarkets believes 

that the rate of growth in photovoltaic devices will slow over the next two years, although the 

industry will continue to grow, albeit at the slower pace. The reasons for the reduced rate of 

growth include: the reduced overall demand for all nonessential goods worldwide; the slump in 
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new construction, eliminating many of the best opportunities for new PV installations; lower fossil 

fuel prices, minimizing the projected savings available from switching to solar power from grid-

supplied power; and the attention paid to the economic situation itself, which diverts a large share 

of resources from longer-term concerns such as the environment. 

At present, the vast majority of silver used in PV devices is for the electrodes of crystalline silicon 

(c-Si) PV cells. And while c-Si PV cells have dominated the photovoltaics' markets for some time, 

alternative technologies, specifically thin-film PV (TFPV), are gaining ground--penetrating some of 

the traditional markets currently dominated by c-Si, as well as creating new application categories 

for solar energy. This brings with it a growing demand for materials such as silver that are used for 

these TFPV technologies.  

NanoMarkets believes that these are very real opportunities based on current and future growth in 

the PV industry as a whole and in the TFPV area in particular. We have discussed the reasons for 

growth in the PV industry as a whole--rising fossil fuel prices, concerns over the continued sourcing 

of the fuels, growing concern about the environment, and government action to offer incentives 

for renewable energy. Growth in TFPV is due in part to the general PV boom, but has also 

benefited from other factors, including the shortage of solar-grade silicon that plagued the industry 

from 2004 until very recently. 

While silicon is the second most abundant element in the Earth's crust, a highly refined form of 

silicon is required for c-Si PV cells. This refined silicon is difficult to produce, and new capacity is 

slow to come online; it has taken about five years for the production of refined silicon to catch up 

with the growth in demand from the photovoltaics boom. Compounding the shortage was the fact 

that the IC industry competes for much of the same refined silicon. 

With solar silicon so scarce and expensive, it became painfully obvious that c-Si PV cells use a lot 

of it. Typical thicknesses of the active silicon layer in c-Si PV cells are in the hundreds of microns. 

Thin-film PV technologies, by contrast, typically use only a single micron or so of active material, in 

some cases not even silicon. These thin-film PV technologies are generally not as efficient as c-Si 

PV, but the cost savings--from not needing such a large quantity of the costly silicon active layer--

allowed them to compete. 
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As of 2009, the silicon shortage has eased significantly, in large part due to the global recession, 

but NanoMarkets does not expect TFPV to go away. As far as costs are concerned, TFPV--

especially the non-silicon varieties--is a fairly new technology and costs are rapidly declining. In 

fact, early in 2009 First Solar, the leader in cadmium telluride (CdTe) TFPV, announced that it had 

achieved costs below $1 per watt--a longtime industry benchmark for a cost target nearing "grid 

parity," or equivalent cost between PV electricity and conventional grid-supplied electricity.  

Also related to cost, as a thin-film product, TFPV has the potential to be transformed by 

developments in printability of the layers used. The thin films used in TFPV (and TF electronics in 

general) are mostly applied by costly and inefficient physical vapor deposition (PVD) methods such 

as sputtering. Printing would increase efficiency of materials usage by an astounding amount, 

while also allowing for the use of equipment and processes that are much less expensive than the 

PVD equipment and processes they would make obsolete. 

Finally, TFPV holds out the promise of flexible PV modules, a concept that is not realistic for c-Si 

PV. Flexibility would greatly broaden the potential applications of PV power, from portable or even 

wearable power supplies to a variety of building-integrated manifestations of PV cells. 

TFPV uses much less silver than c-Si PV, so growth in the market share of TFPV within the PV 

marketplace will bring about a reduced proportion of silver usage. But TFPV still uses significant 

quantities of silver, and the different forms used offer opportunities for silver suppliers. Sometimes 

printed silver is used as an electrode material in TFPV, as it is in c-Si PV, but silver is also 

frequently used for its reflective properties along with its conductivity. In addition, as new 

developments are made in the silver industry for other thin-film electronics, TFPV stands to gain 

from the same materials and processes. Newer materials such as nanosilver inks and transparent, 

conductive silver-containing composites can alter the cost and performance equation for the PV 

industry as easily as for other electronics industries. 

One example of the use of silver in TFPV is as part of a front electrode. Although the front 

electrodes for TFPV are typically made of a transparent conductor such as ITO or another 

transparent conducting oxide (TCO), in some cases silver electrodes are printed on top of the TCO 

for improved conductivity. Another possibility for TFPV electrodes is the use of the rapidly growing 

variety of silver-containing transparent conductors, mainly composite materials. While these have 
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been largely targeted toward the organic light-emitting diode (OLED) markets, they can also have 

applications as generic transparent conductors and could easily be applied to TFPV. 

Another important example of the use of silver in TFPV is as a reflective layer. While the back 

electrode of a PV cell is designed to carry the current generated by the active layers, in many 

cases a significant amount of usable light also reaches the back electrode without being absorbed. 

This is especially true in the less-efficient TFPV technologies, amorphous-silicon (a-Si) PV and 

organic PV (OPV). Using an electrode that is both reflective and conductive allows that residual 

light an additional opportunity to be absorbed by passing through the active layers again in the 

opposite direction. 

 


