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Photovoltaic & Storage, Late 2021 – Part 1 

By John Benson 

December 2021 

1. Introduction 
The last post on this subject was in September, just two short months from when I’m 
starting to work on this post. In that post I opined: Solar Energy’s amazing development 
and rapidly exploding deployments can only lead me to believe that it will accept a lion’s 
share of renewable energy’s displacement of greenhouse gas (GHG) emitting electric 
energy sources. No different opinion at this point. I have a document were I collect 
information of future posts, and I opened a section for this post a few days after the 
September post. By early November it appeared that this section was exploding so 
rapidly that I needed to start this post within a few days. 

The last “post” (a 3-part series) is described below with links. 

Photovoltaic & Storage for Fall 2021, Part 1, Roles: This is First-Part of a Three-Part 
Series of posts. It started out as a single post, but quickly grew to twice my preferred 
length for a post. Then I discovered an amazing (and huge) report on the future of Solar 
Energy. 

This post is a summary of DOE’s “Solar Futures Study,” the report described above. 

https://energycentral.com/c/cp/photovoltaic-storage-fall-2021-part-1-roles  

Photovoltaic & Storage for Fall 2021, Part 2, US and States: This is the second post 
in the three part series. My last post on this subject was in mid-June, and it was a real 
chore. 

Because of the above described issue, I have made some slight changes to the process 
I use on this paper. The first is the duration of project and information accumulation 
period (3 months). The second change is that my criteria: a given project can either be 
battery energy storage system (BESS) project, a photovoltaic (PV) project, or a project 
that incorporates both of these systems, however at least one of the project’s 
technologies must be over 100 MW. The other change is, I’m including the link for all 
information sources for projects, and verifying this link, but not putting in a full footnote 
reference for projects. Each link will be immediately under the information quoted from 
the article. 

Section 2 will be for the U.S. utility scale BESS and storage market in general. Each of 
the following sections is for the major projects and other information for a single state 
and these sections are in alphabetical order by state, up through Florida.  

https://energycentral.com/c/cp/photovoltaic-storage-fall-2021-part-2-us-and-states  

Photovoltaic & Storage for Fall 2021, Part 3, States, Megafactory: This is Part 3 of a 
Three-Part Series photovoltaic (PV) and battery energy storage system (BESS) projects 
in the U.S. The first two parts are described below and linked in the post’s Introduction. 

https://energycentral.com/c/cp/photovoltaic-storage-fall-2021-part-3-states-megafactory  

https://energycentral.com/c/cp/photovoltaic-storage-fall-2021-part-1-roles
https://energycentral.com/c/cp/photovoltaic-storage-fall-2021-part-2-us-and-states
https://energycentral.com/c/cp/photovoltaic-storage-fall-2021-part-3-states-megafactory
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This series will require two posts, I left the description of the changes that I made on the 
last series above, because I will duplicate the changes in the second part of this series, 
except I will raise the bar a bit higher. In lieu of “…at least one of the project’s 
technologies must be over 100 MW.” The criteria is now: “…at least one of the project’s 
technologies must be at least 150 MW.” 

The plan for this series is that this first post will be on non-project related developments, 
and the second post will be on projects, by state, in alphabetical order. 

2. The Present 
The following presents market information from respected sources. 

2.1. Photovoltaic & Energy Storage Cost Benchmarks 
Note that (from the reference) that these are from Q1 of this year. It takes a bit of time 
for these costs to be acquired and tabulated. I’ve presented graphics below that cut to 
the most important news, but this report has a huge amount of detailed information so go 
through the reference link if you wish to access this.1 

 

The second piece of graphic information is PV plus storage below: The current versions 
of our residential PV-plus-storage model assumes a battery size of 5 kW/12.5 kWh; the 
Q1 2020 benchmark modeled a battery size of 3 kW (6 kWh). To better distinguish the 
historical cost trends from the changes to our cost models, we also calculate the Q1 
2020 residential PV-plus-storage using a battery size of 5 kWh (12.5 kWh). The 
Additional Costs from Model Updates category represents the difference between 

                                                 
1 Vignesh Ramasamy, David Feldman, Jal Desai, and Robert Margolis, National Renewable Energy 

Laboratory (NREL), “U.S. Solar Photovoltaic System and Energy Storage Cost Benchmarks: Q1 2021,” 

https://www.nrel.gov/docs/fy22osti/80694.pdf  

https://www.nrel.gov/docs/fy22osti/80694.pdf
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modeled results (3 kW/6 kWh: 20.1¢/kWh; 5 kW/12.5 kWh: 21.5¢/kWh). LCOE and 
LCOSS (levelized cost of solar-plus-storage) are calculated for each scenario under a 
range of capacity factors, but all other values remain the same. The locations used in the 
2021 benchmarks for high and low solar resource level is the 2021 benchmarks are 
Daggett, California, and Seattle, Washington. The 2020 benchmarks used the more 
moderate locations of Phoenix, Arizona (High) and New York City, New York (Low), 
which explains the widened range of outcomes. Appendix A provides a detailed 
discussion of the changes made to the models between last year’s versions and this 
year’s versions. 

 

Again, the main document devotes a chapter to of the three PV + storage scales shown 
above, and each of these has huge amounts of information. 

2.2. LCOE 
Lazard released its Levelized Cost of Energy (LCOE) analysis version 15.0 for Energy 
and Version 7.0 for Energy Storage...2 

The LCOE of unsubsidized large-scale PV based on crystalline silicon is estimated at 
$0.030-$0.042/kWh and that of grid-parity thin-film solar plants at $0.028-$0.037/kWh. 
For comparison, in 2020 Lazard reported that crystalline silicon achieved $0.031-
$0.042/kWh and thin-film $0.029-$0.038/kWh… 

As for the levelized cost of storage (LCOS) in the U.S., Lazard reported that 
unsubsidized storage projects operating on the spot market and with a capacity of 100 
MW/100 MWh are able to deliver a value of $0.160-$0.279/kWh. Facilities with 
capacities of 100 MW/200 MWh and 100 MW/400 MW can reach $0.146-$0.257/kWh 
and $0.131-$0.232/kWh, respectively. Solar-plus-storage with a capacity of 50 MW/200 
MWh is estimated to reach $0.085-$0.158/kWh… 

                                                 
2 Emiliano Bellini, PV Magazine Global, “Solar retains it LCOE edge in latest Lazard analysis,” Nov 5, 

2021, https://pv-magazine-usa.com/2021/11/05/solar-retains-it-lcoe-edge-in-latest-lazard-analysis/  

https://pv-magazine-usa.com/2021/11/05/solar-retains-it-lcoe-edge-in-latest-lazard-analysis/


 

4  

 

3. The Future 
My opinion about the future of PV (with intermittency mitigated by BESS), repeated in 
the Introduction to this paper, dictate that the future is bright for these two technologies. 
It seems that this is a popular opinion. 

3.1. Three Terawatts 
To significantly impact climate change, the annual photovoltaic (PV) module production 
rate must dramatically increase from ~135 gigawatts (GW) in 2020 to ~3 terawatts (TW) 
around 2030. A key knowledge gap is the sustainable manufacturing capacity of existing 
and future commercial PV cell technologies imposed by scarce metals, and a suitable 
pathway towards sustainable manufacturing at the multi-TW scale. Assuming an upper 
material consumption limit as 20% of 2019 global supply, we show that the present 
industrial implementations of passivated emitter and rear cell (PERC), tunnel oxide 
passivated contact (TOPCon), and silicon heterojunction (SHJ) cells have sustainable 
manufacturing capacities of 377 GW (silver-limited), 227 GW (silver-limited) and 37 GW 
(indium-limited), respectively. We propose material consumption targets of 2 mg/W, 0.38 
mg/W, and 1.8 mg/W for silver, indium, and bismuth, respectively, indicating significant 
material consumption reductions are required to meet the target production rate for 
sustainable multi-TW scale manufacturing in about ten years from now. The industry 
needs urgent innovation on screen printing technologies for PERC, TOPCon, and SHJ 
solar cells to reduce silver consumption beyond expectation in the Industrial Technology 
Roadmap for PV (ITPRV), or the widespread adoption of existing and proven copper 
plating technologies. Indium cannot be used in any significant manufacturing capacity for 
PV production, even for futuristic 30%- efficient tandem devices. The current 
implementation of low-temperature interconnection schemes using bismuth-based 
solders will be limited to 330 GW of production. With half the silver-limited sustainable 
manufacturing capacity as PERC, the limited efficiency gains of SHJ and TOPCon cell 
technologies do not justify a transition away from industrial PERC, or the introduction of 
indium- and bismuth limitations for SHJ solar cells. On the other hand, futuristic two-
terminal tandems with efficiency potentials over 30% have a unique opportunity to 
reduce material consumption through substantially reduced series resistance losses.3 

Author’s Note: The above is the Abstract, however the paper is rather long (the PDF I 
downloaded was 27pages), and appears to take a deep dive into this subject, with many 
really nice figures, etc. Go through the link/reference below for more information. 

Also note that they include technologies that are just beginning to emerge now 
(…futuristic two-terminal tandems with efficiency potentials over 30%...). Although 
tandem cells exist now, they are only used for highly specialized applications.  

I would guess that creating a highly efficient solar module that is not competitive (on a 
$/MW basis) will not be the solution to this issue. I would guess that in the short run one 
or several of the following will mitigate the above issue:  

 New manufacturing techniques that use less of rare / expensive materials 

 New designs that exploit new market niches (see the last subsection of this 
paper) 

                                                 
3 Yuchao Zhang, Moonyong Kim, Li Wang, Pierre Verlinden, and Brett Hallam, Royal Society of 

Chemistry, “Design considerations for multi-terawatt scale manufacturing of existing and future 

photovoltaic technologies: challenges and opportunities, related to silver, indium and bismuth 

consumption,” 23 Sep, 2021, https://pubs.rsc.org/en/content/articlelanding/2021/ee/d1ee01814k  

https://pubs.rsc.org/en/content/articlelanding/2021/ee/d1ee01814k
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 As prices rise for a particular material, more efficient production techniques for 
rare materials and recycling will produce a more plentiful supply while holding the 
price to acceptable levels. 

In the long-run, future chemistries that use more plentiful materials and still result in a 
price-competitive product will be the fix for the above. 

3.2. Upgrade or Replace and Recycle? 
PVs are still a very young technology. In the last 20 years, PV installations in the U.S. 
have grown from 168 MW to 95,574 MW. Since the current life of PV modules is 25 to 
30 years, the oldest projects are starting to be ready for replacement. 

There also the older projects that were built with fixed-tilt supports (instead of trackers), 
and projects with poorly designed components that should be considered for 
replacement.  

But the primary consideration for a project owner / manager, whether to replace the 
hardware with newer technology, or to try other strategies to improve efficiency. More 
specifically: 

Two broad strategies can be applied to manage the expected increase in 
decommissioned PV panels: (i) recycle prematurely decommissioned panels, and (ii) 
prevent recycling of these panels by satisfying the typical service lifetime of 30 years 
through circular economy strategies such as repair and reuse. Each strategy presents 
an environmental and economic trade-off. Retaining and satisfying the lifetime of the 
older, lower-efficiency panels avoids environmental burdens from recycling or landfilling 
but incurs burdens from additional repair and forgoing the opportunity to install newer 
panels with greater electricity-generation capabilities.4 

This study assesses whether satisfying the expected service lifetime of a PV system 
through circular economy scenarios generates a greater environmental and financial 
benefit than recycling used panels and installing newer panels with higher efficiencies. 
The circular economy scenarios include repair and reuse of the PV system. Specifically, 
the study determines whether it is better for the environment to keep a PV panel in use 
for its 30-year service life after accounting for potential repair and additional 
transportation, or to replace older panels with more efficient new ones. In addition, we 
explore whether satisfying the service lifetime of PV panels proves competitive with the 
recycling route from a financial perspective. 

Part A of this study focuses on the PV system and quantifies the trade-offs between the 
environmental burdens and benefits of satisfying the lifetime of a prematurely 
decommissioned PV system through repair or direct reuse. Part B focuses on the market 
conditions that favor either (i) a change in ownership (i.e., from the owner who supplies 
the decommissioned PV system to the next owner who demands the system for reuse), 
or (ii) recycling of the decommissioned PV system. 

The environmental analysis consists of modelled scenarios with different lifetimes of the 
PV panels (30, 15, and 10 years). The time horizon is 30 years in all scenarios. The 

                                                 
4 N. Rajagopalan, et al, The International Energy Agency (IEA), “Preliminary Environmental and Financial 

Viability Analysis of Circular Economy Scenarios for Satisfying PV System Service Lifetime,” Nov 2021,  

https://iea-pvps.org/wp-content/uploads/2021/11/IEA_PVPS_T12_Preliminary-EnvEcon-Analysis-of-

module-reuse_2021_report.pdf  

https://iea-pvps.org/wp-content/uploads/2021/11/IEA_PVPS_T12_Preliminary-EnvEcon-Analysis-of-module-reuse_2021_report.pdf
https://iea-pvps.org/wp-content/uploads/2021/11/IEA_PVPS_T12_Preliminary-EnvEcon-Analysis-of-module-reuse_2021_report.pdf
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maximum service lifetime is 30 years for a panel and 15 years for an inverter. A life cycle 
assessment approach is used to model the environmental aspects of the PV system. 
The functional unit is the generation of 1 kWh of electricity. The environmental impact of 
PV is dominated by its production phase, followed by the end-of-life stage. The impact of 
the use phase (mainly water used for cleaning) constitutes less than 0.1% of the total life 
cycle impact. 

Based on Part A of the study, satisfying a 30-year service lifetime of PV panels appears 
favorable from an environmental perspective, at least for the cases examined. In other 
words, it is better for the environment to keep a panel in use for its 30-year lifetime 
instead of replacing it with new, more efficient panels. Adding repair activities and/or 
additional transport is unlikely to change this conclusion. Drastic technological 
revolutions in panel efficiency, production and recycling process efficiency, or both are 
also unlikely to change this conclusion. This analysis uses a constant system-specific 
yield. In real life, PV reuse may involve changes in geographical location and thus solar 
irradiation and performance ratio. In addition, the study analyses multi-crystalline silicon 
technology, which limits the validity of the conclusions to this technology. Multi-
crystalline silicon was chosen because it was the technology with the highest market 
share at the time of the analysis. 

Based on analysis of a ground-mount, utility-scale PV system in Part B, satisfying the 
30-year service lifetime of PV panels proves financially competitive to the “recycle and 
acquire new” scenario under certain conditions, from a theoretical levelized cost of 
electricity (LCOE) perspective. This is the case for relatively young panels (up to around 
10 years old) with few or no defects. Although we do not account for testing and 
recertification costs, these costs could be a determining factor for the success of the 
reuse business case. 

Yet, in practice, satisfying the 30-year service lifetime of PV through reuse in the 
residential market does not appear to be financially desirable owing to surface-area 
restrictions as well as the lower remaining power density and limited remaining lifetimes 
of prematurely decommissioned panels. In addition, our analysis of PV as a utility-scale 
investment—using net present value as the key performance indicator—suggests that 
new panels are more attractive than prematurely decommissioned panels in this context 
as well, without and especially with surface-area limits… 

3.3. The Energy Storage Decade 
Utility-scale PV projects are increasingly being paired with battery energy storage 
systems (BESS). This is not to say that the BESS are used exclusively to store power 
generated by PV and later inject it back into the grid, but during peak demand seasons 
they are frequently used in this mode. In all cases BESS use is mainly driven by financial 
payback considerations. 

In any case, the BESS market will expand rapidly, as concluded by the analysis 
referenced below. 

Energy storage installations around the world will reach a cumulative 358 gigawatts and 
1,028 gigawatt-hours by the end of 2030, more than twenty times larger than the 17 
gigawatts/34 gigawatt-hours online at the end of 2020, according to the latest forecast 
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from research company BloombergNEF (BNEF). This boom in stationary energy storage 
will require more than $262 billion of investment, BNEF estimates.5 

BloombergNEF’s 2021 Global Energy Storage Outlook estimates that 345 gigawatts/999 
gigawatt-hours of new energy storage capacity will be added globally between 2021 and 
2030, which is more than Japan’s entire power generation capacity in 2020. The U.S. 
and China are the two largest markets, representing over half of the global storage 
installations by 2030. The clean power ambitions of state governments and utilities 
propel storage deployment in the U.S. In China, the ambitious installation target of 30 
gigawatts of cumulative build by 2025 and stricter renewable integration rules boost 
expected storage installations. 

Other top markets include India, Australia, Germany, the U.K. and Japan. Supportive 
policies, ambitious climate commitments, and the growing need for flexible resources are 
common drivers. 

Regionally, Asia-Pacific (APAC) will lead the storage build on a megawatt basis by 2030, 
but the Americas will build more on a megawatt-hour basis, because storage plants in 
the U.S. usually have more hours of storage. Europe, Middle East and Africa (EMEA) 
currently lags behind its counterparts due to the lack of targeted storage policies and 
incentives, which may be surprising, considering Europe’s ambitious climate targets. 
Growth in the region could accelerate as renewables penetration surges, more fossil-fuel 
generators exit and the battery supply chain becomes more localized. 

Yiyi Zhou, clean power specialist at BNEF and lead author of the report, said: “The 
global storage market is growing at an unprecedented pace. Falling battery costs and 
surging renewables penetration make energy storage a compelling flexible resource in 
many power systems. Energy storage projects are growing in scale, increasing in 
dispatch duration, and are increasingly paired with renewables…” 

3.4. Emerging Market Niches 
I’ve seen two trends recently: 

1. Solar module designs that go where conventional designs cannot. See the recent 
post linked below. 

2. Included in the above are building-integrated PV. These include shingled 
modules, including Dragonscale modules described in the earlier post linked and 
described below, plus a more recent development described and referenced 
below that. 

State-of-the Art PV Panels - “One word… plastics”: Discussion of the title subject will 
populate sections 2 and 3 of this post. The reason is that, although the current design for 
photovoltaic (PV) modules (a.k.a. panels) have been widely deployed, there are still 
many places where they will not work. 

https://energycentral.com/c/cp/state-art-pv-panels-%E2%80%9Cone-
word%E2%80%A6-plastics%E2%80%9D  

                                                 
5 Yiyi Zhou et al, BloombergNEF (BNEF), “Global Energy Storage Market Set to Hit One Terawatt-Hour 

by 2030,” Nov 15, 2021, https://about.bnef.com/blog/global-energy-storage-market-set-to-hit-one-terawatt-hour-by-2030/  

https://energycentral.com/c/cp/state-art-pv-panels-%E2%80%9Cone-word%E2%80%A6-plastics%E2%80%9D
https://energycentral.com/c/cp/state-art-pv-panels-%E2%80%9Cone-word%E2%80%A6-plastics%E2%80%9D
https://about.bnef.com/blog/global-energy-storage-market-set-to-hit-one-terawatt-hour-by-2030/
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Shingled modules – where silicon solar cells are cut into five or six strips and 
interconnected using an electrically conductive adhesive – have been around for a while, 
and though never a mainstream solution they have kept the industry’s attention thanks to 
potential for flexibility in the size and shape of modules, better aesthetic appearance and 
improved tolerance to shading.6 

Recent interest in building integrated and other applications for PV beyond standard 
rooftop or ground-mounted modules, as well as concerns over the use of lead and 
improvements in electrically conductive adhesives, have led to renewed interest in the 
approach lately. 

In October, Germany’s Fraunhofer Insititute for Solar Energy Systems (ISE) introduced a 
new layout for shingled cells, developed in collaboration with interconnection equipment 
supplier M10, which it calls Matrix Shingle Technology. The approach sees cell strips 
laid out in staggered rows, similar to how bricks are placed in a wall. Fraunhofer ISE 
claims that this leads to higher module efficiencies and even better shading tolerance, 
and is now setting about evaluating the technology’s performance in various installation 
scenarios. 

The institute’s latest work, published in Progress in Photovoltaics, demonstrates that 
Matrix shingled modules offer a significant advantage in certain shading conditions. The 
institute conducted lab experiments for various shading scenarios by partially covering 
modules with black sheeting and then testing them in a solar simulator. 

Where shade moves diagonally across a module, and in conditions with random 
shading, the Matrix modules were shown to perform significantly better. Under diagonal 
shading, the group recorded up to 73.8% power increase, and under random shading as 
much as 96.5% more power, compared to a state-of-the-art shingled module using the 
standard stringing approach. 

The group explained that its approach allows more electric current to flow out of the 
module, without being blocked by shaded areas. “This is caused by currents bypassing 
the shaded area via the busbar metallization crosswise to the normal current flow. 
“Besides higher power outputs, this leads to significantly less MPPs where reverse 
biasing of parts of the module increases the risk of hotspot occurrence.” … 

                                                 
6 Mark Hutchins, PV Magazine, “A promising new design for shingled solar modules,” Nov 18, 2021, 

https://pv-magazine-usa.com/2021/11/18/a-promising-new-design-for-shingled-solar-modules/  

https://pv-magazine-usa.com/2021/11/18/a-promising-new-design-for-shingled-solar-modules/

