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THE TECHNICAL SYMPOSIUM at Solar Power International (SPI) offers professionals from the academic, R&D, 
technical and scientific disciplines in photovoltaics, energy storage and ‘smart’ energy the opportunity to submit abstracts 
for peer review, (poster-) presentation and discussion, and publication at the largest gathering of the solar community in 
North America.

As solar, storage, and smart energy continue to mature, it is important to continue to bring together the knowledge, experi-
ence, and expertise of the best and brightest minds advancing this profession.

ABOUT SOLAR POWER INTERNATIONAL
Solar Power International (SPI) generates success for solar energy professionals and the global solar industry. SPI sets the 
standard for solar events as the fastest growing and largest solar show in North America as recognized by Trade Show 
Executive and Trade Show News Network. SPI has also been among the Gold 100 for eight years running and named 
“Stickiest Show Floor” by Trade Show Executive for the innovative ways in which attendees stay engaged. With over 700 
exhibiting companies, SPI is the largest solar exhibition in North America.

ABOUT ENERGY STORAGE INTERNATIONAL
Energy Storage International, co-located Solar Power International, paves the way for synergy between energy storage 
and solar markets. With over 150 exhibiting companies, ESI is the largest energy storage exhibition in North America.
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EDITORIAL

Dear Colleagues, 

On behalf of the Solar Energy Industries Association (SEIA) and the Smart Electric Power Alliance (SEPA), I am pleased to 
welcome you to the inaugural Technical Symposium at Solar Power International and Energy Storage International. As the 
solar, storage and smart energy industries continue to mature, I’m excited to see this convening of knowledge, experience, 
and expertise from the best and brightest minds advancing our profession. 

This three-day technical symposium – built on the tenets of a traditional scientific program – has brought academic rigor to 
North America’s largest solar and storage event, which is already the event for business and policy thought leaders. I’d like 
to extend my sincere gratitude to our illustrious committee comprised of internationally respected experts who helped shape 
this program.

The call for abstracts for the 2018 symposium will open in early November. I encourage you to participate and share this with 
your colleagues in the research and scientific communities.

Together we can continue to lead our industry forward.

Sincerely, 

Stephen Miner,  
President and Chief Executive Officer,  
Solar Energy Trade Shows
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II. COMMITTEE CHAIRS

PROF. JIANHUI WANG, 
Editor-in-Chief, 
IEEE Transactions on Smart Grid

Prof. Jianhui Wang is part of the faculty of Southern Methodist University. He is also the Section Manager for Advanced 
Power Grid Modeling in the Energy Systems division at Argonne National Laboratory. Prof. Wang has authored and/or co-
authored more than 300 journal and conference publications. Prof. Wang also serves as the secretary of the IEEE Power 
& Energy Society (PES) Power System Operations, Planning & Economics committee. Prof. Wang is the Editor-in-Chief of 
the IEEE Transactions on Smart Grid and an IEEE PES Distinguished Lecturer. His research interests include smart grid and 

renewable integration.

 

 The energy transition has picked up speed globally and all leading markets take part in the eco-
nomical race. However, the integration of novel technological inventions into existing infrastructures 

of our communities keeps creating new challenges. Besides tangible technical issues, the market 
introduction of smart technologies can be a stagnating and complicated process, despite the positive 

impact these technologies may have on the environment and society. Revolutionizing the human energy 
consumption is an urgent aim, which strives to counter the alarming global climate problems, but everybody 
involved in the actualities of the situation is still seeking the right path in a vast field of various approaches to a 
reorientation towards an intelligent and sustainable energy supply. 

Prof. Jianhui Wang as Chair of the Smart Energy Technologies Sector”
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DR. Z. GARY YANG, 
Chief Executive Officer,
UniEnergy Technologies (UET)

Dr. Gary Yang is a leading scientist and now an entrepreneur in the field of electrochemical energy conversion and storage. 
He serves as CEO of UET, which he co-founded in March, 2012. UET is a leader in developing and delivering electrical 
energy storage solutions that are built upon innovative industrial-grade Vanadium Redox Flow Battery (VFRB) systems. With 
the team Gary has assembled, UET has delivered two industry changing products including the Uni.System TM and the 
Reflex TM that have found applications in the US and internationally at Megawatt (MW) scales. Prior to 2012, Dr. Yang was a 
Lab Fellow at Pacific Northwest National Laboratory (PNNL) of the US Department of Energy, where he led the Grid Energy 
Storage Program in RD&D of varied batteries, including advanced Li-ion, Na-salt, redox flow, etc. Under his leadership, Gary 
formed and created a multidisciplinary research team, which made significant breakthroughs including the development of 
a next generation VFRB. Previously, Gary was a Senior Scientist and later a Chief Scientist leading efforts in R&D of planar 
SOFC, high temperature materials and nanostructured hydrogen storage materials. Gary joined PNNL in early 2001, after 
five years of experience as a materials engineer in the automobile industry. Gary had extensive education and training from  
Carnegie Mellon University, University of Connecticut and Jilin University. He is a Fellow of ASM International in recognition 
of his outstanding contribution to advanced materials and electrochemical energy conversion and storage. Dr. Yang has 
published over 200 research articles and is an inventor over 50 patents.

 The need to develop efficient energy storage solutions to enable a sustainable use of resources 
is self-evident. The interest in electrical energy storage technologies is growing globally: This year, 
the Electrical Energy Storage Association updated its projection of storage facility installations in the 

U.S. by the year 2025 from 21.6 GW to 35 GW. The China Energy Storage Association upgraded its 
forecast for China from 24.3 GW to 44 GW. The growing interest in storage technologies is partly due 

to the increasing advancement of the solar market, which offers numerous options for cogeneration with 
storage devices. Current efforts of the research and industry are under way to find the best materials to create 
high performance batteries and to optimize charging processes, power capacity and safety measures. The po-
tential areas of application of energy storage technologies are immense and current advancements will have a 
huge impact on the further development of our transportation, communication and urban landscape.

Dr. Z. Gary Yang as Chair of the Energy Storage Sector
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PROF. RAJENDRA SINGH, 
Professor,
Clemson University

Prof. Rajendra Singh is D. Houser Banks professor in the Holcombe Department of Electrical and Computer Engineering 
and Automotive Engineering at Clemson University (USA). With proven success in operations, project/program leadership, 
R&D, product/process commercialization, and start-ups, Dr. Singh is a leading photovoltaic (PV) expert with over 42 years of 
industrial and academic experience. From solar cells to low power electronics, he has led the work on semiconductor and 
photovoltaic device materials and processing by manufacturable innovation and defining critical path. His current research 
and policy interest is to lead the growth of photovoltaic industry by using local direct current power network based on PV and 
battery in place of conventional alternating current based grid for global electricity infrastructure. He is fellow of IEEE, SPIE, 
ASM and AAAS. Dr. Singh has received a number of international awards. On April 17, 2014 he was honored by US President 
Barack Obama as a White House “Champion of Change for Solar Deployment” for his leadership in advancing solar energy 
with PV technology.

 

 Reliable access to affordable electricity is one of the essential pillars of human societies. To 
guarantee a prosperous life for people all over the world, a fast handling of the energy revolution is 
vital. Scientists and engineers put their trust in the further development of photovoltaic and battery 
storage technologies and the orientation towards clean and sustainable energy resources feeding an 

intelligent grid. The current state of research shows solar-based technol ogies to be pioneer in terms 
of providing eco-friendly and affordable electricity to societies in both rural and urban living spaces. It is 

obvious that the industry and research institutions have the obligation and the power to push these point out 
objectives forward more efficiently than governmental organizations, which have to serve numerous different 
interests. 

Prof. Rajendra Singh as Chair of the Solar Energy Sector”
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1.1  INNOVATIVE TECHNICAL SOLUTIONS FOR THE ENERGY TRANSITION

able grid and maintaining generation efficiencies. Then, 
rooftop solar, ground mounted solar and wind gen-
eration will be integrated to reduce fuel consumption.  
 

A well-designed MGC system includes the following com-
ponents: 
 » Microgrid Master Controller – This provides visualiza-

tion and logical control of generation and load, plus all 
associated business logic to achieve the designated 
business/operational/defense objectives. The master 
controller monitors microgrid status, storage, and local 
generation and determines what commands need to be 
sent to each subsystem to achieve the objectives. 

 » SCADA for balance of plant – SCADA monitors and 
controls all appurtenances within the microgrid includ-
ing protective relays, reclosers, Photovoltaic systems 
control, storage, and building management. 

 » Meters – Load and generation meters provide real time 
power information (voltage, frequency) to measure 
precise grid conditions and synchronization. 

 » Communication network – Network drops and radio 
systems must support a resilient network.  

RESULTS 
About 300 kWp of wind and solar generation are being 
added to Fort Severn’s microgrid. This is providing additional 
sources of electricity to a local power grid currently operat-
ing at full capacity, reducing reliance on diesel, and deliver-
ing clean locally generated energy. The Microgrid Controller 
enables remote operation and monitoring of the integrated 
diesel generators, solar, wind and battery systems for the 
most economical ongoing operations. 

CONCLUSION 
With effective Microgrid Controllers, remote communities 
can establish efficient microgrids that integrate renewables 
to reduce electricity costs and reliance on fossil fuels, and 
utilize clean and reliable sources of locally generated energy. 

1.1.1 INTEGRATING RENEWABLES INTO 
MICROGRIDS TO SERVE REMOTE COMMU-
NITIES

OBJECTIVE 
Over 175 remote Canadian communities are off-grid, pri-
marily using diesel generators as their source of electricity. 
Fort Severn, the most northern community in Ontario, is in-
stalling a microgrid in which solar, wind, and battery storage 
are supplementing existing diesel generators. Benefits will 
include: 
 » Decreased electricity costs 
 » Reduced vulnerability to diesel performance, reliability, 

transportation, and price volatility 
 » Decreased greenhouse gases 

This presentation describes how the Microgrid Controller 
(MGC) seamlessly assures the quality of supply, responding 
to the diesel system’s operating characteristics and integrat-
ing 333.4 kWp of renewable sources and storage. 

METHODS 
Coordinated controls that leverage the best capabilities of 
each generation type are necessary to continuously meet 
microgrid operational requirements most economically. The 
functional requirements for controlling a microgrid include: 

 » Steady State Operation as a Microgrid – The MGC plays 
a critical role by monitoring condi- 
tions at the point of common coupling. This ensures that 
safety requirements are met when there are faults (short 
circuit, over/under voltage, etc.) whether internal or 
external to the microgrid. 

 » Economic and Environmental Operation of the Microgrid 
– The MGC will coordinate the operation of the microgrid 
power sources utilizing relevant data sources to achieve 
the optimal dispatch based on defined objectives of 
reduced diesel generation, while maintaining a reli-

1.1  INNNOVATIVE TECHNICAL SOLU-
TIONS FOR THE ENERGY TRANSITION

Scott Barrington,
Business Development Manager,
Trimark Associates, Inc.
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1.1.2 ECONOMIC ANALYSIS AND DESIGN 
OPTIMIZATION FOR PEAK SHAVING APPLI-
CATIONS

OBJECTIVE 
Minimizing soft costs are critical to the rapid deployment 
of microgrids and distributed generation. Interest in using 
these technologies for peak shaving applications has in-
creased, but there are limited stan dardized tools to optimally 
design hybridized solar + storage systems and microgrids, 
and no web-based tools that can integrate these resources 
with other on-site generation options such as diesel gen-
erators. There are also limited tools for conceptual and fea-
sibility analysis that can consider additional value streams 
beyond peak shaving, including arbitrage, grid back-up, re-
newable integration, and thermal loads. The tool developed 
under this work addresses this gap. 

METHODS 
Our team developed a new and novel web-based design 
optimization tool for microgrids. It performs simulation, op-
timization, and sensitivity analysis tool that enables users to 
optimize a combination of distributed solar, battery, genera-
tors, and turbines as well as virtually any storage technology 
to use clean technologies to reduce costs and increase reli-
ability. The tool uses a web interface to connect with a cloud 
API engine to enable designers, investors, and other inter-
ested parties to design a distributed solar/storage/back-up 
generation system. 

RESULTS 
We found that the tool is capable of optimally sizing dis-
tributed generation and storage to reduce costs. It can also 
provide design options that improve customer electrical re-
liability by providing backup to utility service failures. The 
tool is capable of evaluating performance in a range of geo-
graphical locations and utility tariffs, and for a range of cus-
tomer types (residential, commercial, and industrial). 

CONCLUSION 
The proliferation of generation and storage technologies – 
particularly solar and batteries – coupled with falling prices 
with improved performance, provides an opportunity to not 

John Glassmire,
Director of Energy Engineering,
HOMER Energy, LLC

only reduce customer utility bills, but also increase customer 
ability to ride-through utility service interruptions. Including 
additional back-up generation into the mix of options in-
creases the number of value streams available and expands 
the potential market. This cloud-based tool is capable of 
significantly reducing the initial investment design cost. 

1.1.3 BIG SOLAR: STUDY OF A 5.4 MILLION 
FT² SOLAR THERMAL DISTRICT HEATING 
PLANT IN AUSTRIA

Due to the massive drop in electricity prices in the Euro-
pean electricity market, full operation of combined heat and 
power (CHP) plants is not economically sound anymore and 
operating hours are being reduced. This development poses 
a serious threat especially to cities such as Graz, that are 
highly dependent on the waste heat of CHP plants for dis-
trict heating (DH). The operator of the CHP plants in Graz 
announced a halt of operations in 2020, which will lead to 
a necessary replacement of 80% (400 MW) of the overall 
head supply.

OBJECTIVE 
The research focus of this paper is to analyze the technical 
and economic potential of integrating a centralized large-
scale solar thermal system including seasonal pit storage 
and absorption heat pumps for district heating (DH) in Graz, 
Austria. Therefore, the purpose of the research is to determine 
the techno-economic optimum size of such a solar system 
that can be integrated into the district heating system. The 
concept of BIG Solar aims to investigate a maximum solar 
fraction applicable limited to the basic condition of having 
a competitive heat price compared to other sources of heat 
generation such as from gas boilers for DH in Graz.

METHODS 
A design of a technical concept (including the current and 
future operation modes of the head grid), dynamic simu-
lations (TRNSYS), an investigation of appropriate land for 
solar thermal collectors, storage, as well as an economic 
cost evaluation of its implementation.

Christian Holter, 
CEO, 
S.O.L.I.D., Gesellschaft für Solarinstallation und 
Design mbH
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RESULTS
Simulation results indicate a techno-economic optimum for 
the system of 5.4 million ft² collector field, a 475.5 million 
gallons of seasonal pit storage, and AHPs with a total heat 
capacity of 100 MW accounting to roughly 20% of the overall 
heat supply for Graz´s DH. Within the analysis technical limi- 
tations such as the maximum capacity of the DH transport 
line, current heat and temperature loads, but also future heat 
loads by the consideration of future waste heat potentials 
from industries, were taken into account. A comprehensive 
cost evaluation was performed by using capital budgeting. 
The most important economic key performance indicators 
(KPIs) such as net present value (NPV), internal rate of return 
(IRR), discounted payback period (DPB) and levelized cost 
of energy (LCOE) were calculated and evaluated for different 
financing scenarios.

CONCLUSION
Simulations show that the BIG Solar concept is technical 
and economic feasible. The economic analysis shows the 
solar district heating price is comparable to other heating 
sources for DH in Graz. Although such a system has high 
upfront investment costs, the payback period is moderate 
and economically reasonable. Considering the framework 
conditions such as grid temperatures and waste heat poten-
tial, the BIG Solar Graz concept is applicable to other cities 
with DH and may ultimately lead to a more sustainable heat 
supply for domestic hot water and space heating worldwide.

1.1.4 DUCK CURVES AHEAD: PLANNING 
FOR SUPPLY/DEMAND IMBALANCE WITH 
HIGH-PENETRATION RENEWABLES

OBJECTIVE 
The rapid growth in renewable energy could cause problems 
to distribution or bulk power systems, or could increase rates 
or inequity. Planning for this growth with engaged stake-
holders can remove obstacles and increase the chance that 
renewables will benefit the grid, rates, and social equity. 

METHODS 
We convened stakeholders statewide for discussions of 

Damon Lane, 
Lead Analyst, 
VEIC
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what it would take to achieve a high solar future. Away from 
rate cases and net metering rules, advocates and utility rep-
resentatives discussed their needs and concerns, and found 
areas of alignment and common understanding. We also an-
alyzed a business-as-usual scenario and different versions 
of high renewable futures. The modeling results helped 
stakeholders understand the scale of change necessary to 
achieve each scenario. The analyses allowed stakeholders 
to answer “what if?” questions with the model we built. 

RESULTS 
One result was the projected hourly supply and demand 
under the high renewables scenario. The objective was 
to understand what the best mix of load shifting, storage, 
demand response, regional trade, curtailment, and addition-
al supply would best meet the imbalance between supply 
and demand. We categorized the imbalance by time of year 
and time of day, which are predictable; by weather and 
demand, which can be forecast; and by the duration (hours), 
magnitude (MW), energy (MWh), and direction (positive or 
negative) of the imbalance. We found that most imbalances 
are short-lived and relatively small. They often alternate in 
a daily pattern. Sometimes in winter, we found negative or 
deficit imbalances for several days in a row. These results 
help inform the solution set. Additional winter supply could 
help and, if it is dispatchable, it might take care of peak imbal- 
ances at other times. Dispatchable water heaters or heat 
pumps can manage intraday imbalances, and hydro pooling 
capability or battery storage can help with daily imbalanc-
es. One local utility is now discounting the price of battery 
storage to homeowners and using the battery for grid ser-
vices that pay for the discount. The best solutions are a 
robust combination of these flexible resources. 

CONCLUSION 
The many stakeholders representing a range of interests 
helped vet analysis and potential solutions. The utilities, ad-
vocates, and solar installers were able to step back from 
their immediate concerns about changing incentives and 
interconnection requests to apply their knowledge and ex-
pertise to medium- and long-term planning. Our project pro-
vided resources for investigating questions and scenarios 
that stakeholders did not have time to address on their own, 
given the pace of the industry. The planning effort engaged 
the stakeholder group in thinking about new options for 
meeting the requirements of high-penetration renewables 
and will most likely result in a more reliable system, at lower 
costs that can be distributed more equitably. 
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1.1.5 SHADING EYES AT THE DAWN: AC-
COUNTING FOR HUMAN HERITAGE IN THE 
TRANSITIONING ENERGY WORLD 

We are witnessing the rays of a new dawn of energy rising in 
the distance. With that first light, people, their eyes accus-
tomed to the darkness from the night before, must squint 
and look away as they orient themselves and get used to the 
sun. While we are all ready and excited for this new ‘day’ in 
energy production, there are many people who are unsure of 
what this world will look like and how it may impact access 
to our collective past. Just because solar is green, this does 
not mean that it is immune to pressure when it comes to 
human heritage concerns, particularly now when the general 
population is more informed (for better or worse) and active 
than during many years in the past. A collective lack of famili- 
arity with these new technologies can be a breeding ground 
for miss-information that clouds a project’s true benefits and 
it is up to the developer to be upfront and pro-active in in-
forming the public and the regulators of their projects early 
and regularly. 

OBJECTIVE 
This poster highlights the invariable growing pains that come 
from new technologies interacting with the world’s under-
standing of the ‘old ways’ and how addressing mispercep-
tions (from both sides) upfront improves outcomes all around. 

METHODS 
Using case studies (from archaeology, tribal, and historic 
resources) of cultural resource problems from renewable 
energy development in solar and wind compared to tradi-
tional energy projects.

RESULTS 
It will be demonstrated that human perception and culture 
sits at the center of progress in energy development and 
a lack of understanding about new technologies in a time 
of increased governmental oversight and informed/miss-in-
formed public activism can be a strong hindrance in smooth 
regulatory compliance, particularly with archeological sites 
and tribal lands.

Mason D. Miller, 
MA, Media Director, Archeology Principal  
Investigator, 
AmaTerra Environmental, Inc.

CONCLUSION 
Hiccups and delays in solar (and other renewable) energy 
development that result from cultural resource problems can 
partially be attributed to its ‘newness’. Both the proponents 
and those affected by a development in this new environ-
ment do not have a frame of reference and are learning as 
they go. Knowing that there will likely be misunderstandings 
of the scale and type of project impacts and being proactive 
in presenting those impacts can go a long way toward a 
successful outcome. 

1.1.6 INTERRUPTED DIRECT CURRENT AS 
A TECHNICAL SOLUTION FOR THE ENERGY 
TRANSITION

OBJECTIVE
Direct current from solar electric is the future and most end 
use appliances are DC capable, such as electric motors 
used in modern heat pumps and switching power sup-
plies. Avoiding DC to AC to DC conversions required by 
an AC grid would save much equipment/reliability cost and 
improve energy efficiency. The main obstacle to all DC at the 
end user is the incompatibility of mechanical switches and 
thermostats in connected appliances from high voltage DC 
power, which makes giant sparks. We studied interrupting 
DC with short off times to prevent the DC spark problem, 
with surprising results. 

METHODS
We interrupted direct current with off-times between 5-500 
µs at periodicities between 50 and 20,000 Hz. Interrupting 
120 V DC between 50 to 100 Hz with an off time of 1-3%, 
removed the excessive spark-arc problem in mechanical 
switches and thermostats and allowed most appliances to 
work over the period of study (four years). Spark size was 
measured by integrating total light output produced within 
switches with an inserted large area photodiode, as a func-
tion of pulse duration and frequencies. Quality and quantity 
of AC vs pulsed DC power to a laptop also was measured 
with an oscilloscope and voltage/current measurements of 
power into an out of its adapter. 

Marvin Motsenbocker, 
PhD, Manager, 
DIY Grid LLC Yugeshima 
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1.1.7 SMART METERS, COMMUNITY-POW-
ERED MICRO-GRIDS AND DISTRIBUTED 
LEDGER TECHNOLOGY 

OBJECTIVE
With the advent of the internet of things (IoT), our environ-
ment is becoming increasingly embedded with digital fea-
tures. Unfortunately, there are several privacy and trust 
issues with smart meters and centralized energy data 
servers which are becoming increasingly vulnerable to fraud, 
manipulation and cyber-attacks. Furthermore, as cities grow 
and become denser, it becomes increasingly difficult to 
balance frequency, voltage, supply and demand in realtime 
across the grid. Large central grids do not only waste large 
amounts of energy via transmission and distribution but are 
also vulnerable to grid congestion, power outages, extreme 
environmental events (such as hurricanes or tsunamis) or 
terrorist attacks. Finally, the capital costs for photovoltaic 
(PV) systems are still relatively high despite the dropping 
costs in the last few years; and some consumers do not 
have solar-ready roofs (such as in high-rise buildings). Com-
munity solar projects make PV systems more accessible to 
everyone; however, there are no adequate financing tools 
and a lack of regulation for community choice aggregations 
in most states. This project presents micro-grids and dis-
tributed ledger technology (DLT) as solutions to these issues 
related to smart meters, centralized systems and commu-
nity solar projects. 

METHODS: 
Microgrids (whether virtual microgrids within the large central 
grid or physically islanding microgrids) are easier to operate 
and maintain than large centralized grids. Microgrids also 
make a community much more resilient to extreme envi-
ronmental attacks and are less prone to grid “traffic” and 
energy dissipation thanks to shorter transmission and dis-
tribution lines. DLT, also known as blockchain technology, 
is one of the major under-pinning advancements behind 
the internet of value (IoV). Thanks to DLT, smart meters 
and smart contracts, energy can be measured and trans-
ferred without the need for any third-party intermediary or  

Georges Nassif
Graduate Teacher Assistant and P.S.M Candidate 
in Solar Energy Engineering and Commercializa-
tion (SEEC),
Arizona State University (ASU)

The problem of powering inductive appliances with pulsed 
DC was explored by sensing kick back pulses during the off 
time of interrupted DC. 

RESULTS 
Interrupted DC produced much smaller spark sizes than 
equivalent AC power in switches at interrupt frequencies 
above 120 Hz and especially above 500 Hz. Spark size 
was 5-10 times smaller than from AC. The interrupted DC 
could power electric power tools, computers and kitchen 
appliances with no detected adverse effects. Analysis of 
power input into a computer from its adapter showed no 
detriment between 60 Hz AC supplied power, and 99% duty 
cycle interrupted DC power. Pulsed DC yielded higher com-
puter adapter power efficiency. Radiofrequency interference 
was very low, below that from typical light dimmer circuits, 
because of the short radiative line distances between pulsed 
DC generation at the plug in point, and consumption of the 
pulsed DC power. AC induction motors used in refrigera-
tors and legacy wall transformers did not work on pulsed 
DC. However, a circuit that senses inductive appliances by 
monitoring kick back electromotive force during the off-time 
interval, and automatically blocks power to the success-
fully discriminated pulsed DC compatible appliances at the 
power outlet itself. The results indicate that interrupted DC 
with 99% duty cycle satisfactorily substitutes for AC power 
of the same root mean square voltage for most existing 
home appliances, including computers. Further, incompat-
ible appliances were easily discriminated and disconnected 
at the time of their plug-in to prevent accidental powering. 

CONCLUSION 
By pulsing DC with 99% or higher duty cycle, solar elec-
tric power can be used to directly power home appliances 
without voltage conversion and without DC to AC to DC 
conversion. The pulsed DC removes the DC-spark problem 
in switches and thermostats and improves power efficiency 
of computer power supplies. The strategy of connecting 
solar electric without inverters and without major voltage 
transition, via short interruptions at the power outlet itself, 
allows for an all DC power distribution, drastically reduces 
infrastructure and equipment costs, saves energy, allows 
massively parallel solar collection and potentiates a rapid 
transition to a more efficient solar electric future without 
having to replace existing appliances.

1.1  INNOVATIVE TECHNICAL SOLUTIONS FOR THE ENERGY TRANSITION
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“middle-man” in real time. DLT enables faster, cheaper, safer 
and more reliable energy transactions without any privacy or 
trust issues. 

RESULTS 
With microgrids, smart meters and DLT, the electric grid 
would become more efficient, easier to maintain, more re-
liable and more resilient. Community solar-powered mi-
crogrids not only keep money and energy within the commu-
nity by making distributed power resources more affordable 
and more accessible, but also make the local environment 
cleaner. Local renewables would increase consumer en-
gagement and raise energy consciousness, thus increasing 
energy efficiency and conservation within the community. 

CONCLUSION 
The electric grid is rapidly evolving with new technology 
while new opportunities for novel energy services and busi-
ness models are being created. Thanks to microgrid tech-
nology, IoT and IoV, energy can be traded in a decentralized 
fashion allowing new business models such as peer-to-peer 
net metering, community selfconsumption and decentral-
ized crowd-funding of community solar projects. With the 
rise of “prosumers” (producers that self-consume), utilities 
of the future may become neutral facilitator to an accessible 
energy market that enables competition within communities 
and the real-time autonomous and decentralized balance of 
energy supply and demand at a local level, thus optimizing 
the use of distributed generation resources, while delivering 
security, sustainability and affordability in favor of all stake-
holders.

1.1.8 SOLAR PARALLELING SYSTEM IN-
TEGRATION UNIVERSAL APPLICATIONS 
ELIMINATE BATTERY STORAGE SYSTEMS, 
SIGNIFICANTLY REDUCE FOSSIL FUEL CON-
SUMPTION

OBJECTIVE 
Recognizing the commercial deficiencies of current solar 
paralleling technologies, design, produce, implement, docu- 
ment and conclude successful Beta testing of enhanced 

Edward Phillips,
Senior Management Executive,
CE Power

Universal Solar Paralleling Technologies (USPT). Current 
technologies utilize performance-limiting inverter phase 
shifting, whereas the USPT technology directly mimics load 
characteristics of synchronous fossil fueled AC generators. 

Major design accomplishments of USPT include: 
1. Utilize any commercially available grid connect AC in-

verter and any fossil fuel AC synchronous generator 
commercially available that meets load requirements. 

2. Incorporate universal system controls and communica-
tions scalable from 5 kW to 5 MW that require no modi-
fications to commercially-manufactured AC inverter or 
AC generator. 

3. Eliminate all requirements for battery storage systems, 
defraying significant cost, dependence upon evolv-
ing battery-storage technology and design-impacting 
space requirements. 

4. Incorporate all UL, NEC, and other credentialed safety 
and protective recommendations applicable to AC solar 
and fossil fuel AC generator paralleling systems. 

5. Deliver attractive ROI resulting from significantly reduced 
operating costs associated with fuel consumption and 
battery system maintenance. 

METHODS
 » Constructed model micro-grid incorporating both grid 

connect and off-grid capabilities; 25 kW AC fossil fuel 
synchronous generator; 20 kW solar field; various grid 
connect AC inverters; solar paralleling control system; 
real-life electrical loads; complete AC frequency, 
voltage, wave form and current monitoring and data 
recording instrumentation. 

 » Developed universal logic profiles for solar inverter and 
generator paralleling interface and convert to solid state 
and microprocessor-based control product. 

 » Performed extensive testing of solar-derived reverse 
polarity on test generator AC windings and voltage 
regulation. 

 » Performed extensive system testing and development 
of USPT under a variety of actual commercial load 
scenarios, resulting in a commercially viable product 
named WESP Technology.  

RESULTS
Utilizing WESP Technologies, all design and Beta testing ob-
jectives have been met, significantly improving the viability, 
effectiveness and economy of solar paralleling. Two United 
States Patents for solar technology have been awarded for 
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electric power system. Some changes coming in the next 
two years will impact the testing done on systems that are 
interconnected to the electric power system (EPS). 

We will first review the discussion on the evolution of the 
electric power system. The electric power infrastructure is 
transforming from a system of power interconnections to 
a diverse, interconnected, interdependent, and adaptive 
system. As the smart grid develops, the interconnection 
standards will evolve to help enable interoperability, inter-
connection and integration of disparate systems, informa-
tion technology (IT) and communications. 

This presentation will review a summary of standard changes 
and regulations and how they will affect solar photovoltaic 
(PV) and microgrid project testing and commissioning in 
2018-2019. 
 » How utility interactive inverters can benefit utility distri-

bution networks 
 » Interconnection standards revision – major changes to 

testing required for all interconnections to utility distri-
bution networks 

 » No microgrids, no size limits 
 » How new rules can prevent large scale disruptions at-

tributed to inverters 
 » Smart grid interoperability and cyber security changes 

in standards 
 » Energy storage standards  

RESULTS 
These changes will increase the competitiveness of solar PV 
integration and create significant opportunities for new ap-
plications and new markets that derive value from increased 
functionality. We will have highlighted several specific ex-
amples on how added value can be generated by new func-
tionality. 

CONCLUSION
Attendees that are participants in the renewable energy in-
dustry or EPC firms should be aware of these changes, as 
they can offer a great opportunity or create an impediment if 
not considered in developing projects. 

USPT concepts. Operating Beta site has been inspected 
by engineers from two major solar inverter manufacturers 
and additional representatives from solar products manu-
facturers. Continued development includes micro-inverter 
applications and non-fossil fuel AC synchronous generators 
(Sterling engine technologies). 

CONCLUSION
Universal Solar Paralleling Technology offers a hereto un-
available solar paralleling application that delivers the 
highest economic, environmental and social ROI of any solar 
technology available worldwide. By eliminating dependence 
upon evolving battery system technology and its prohibitive 
equipment and maintenance cost and by reducing fossil 
fuel consumption by up to ninety-five percent with a proven 
USPT application, safe, efficient and, now, highly economi-
cal solar-derived AC power can be supplied to markets pre-
viously limited by the cost and accessibility to fuel supplies. 
System enhancements in development include Universal 
Step Solar Paralleling and maximized AC generator parasitic 
load reduction, with both technologies designed to increase 
ROI and further reduce carbon footprint. 

1.1.9 CHANGES TO PV AND MICROGRID 
INTEGRATION METHODS – POST 2018

OBJECTIVE 
This presentation will highlight the significant changes in in-
terconnection (IEEE 1547) and other standards that will have 
impact and create opportunity for the solar PV industry. 

METHODS 
The presentation will be given by the chair and vice chair 
of IEEE standards coordinating committee 21. This commit-
tee oversees and coordinates the development of all stan-
dards related to interconnection, interoperability, and energy 
storage. 

Standards have always been an important consideration 
in the work of engineers and testing companies. But their 
role is increasing with the deployment of smart grids and 
the changes of how buildings and loads interact with the 

Mark Siira,
Director of Business Development,
ComRent Load Bank Solutions

1.1  INNOVATIVE TECHNICAL SOLUTIONS FOR THE ENERGY TRANSITION
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1.1.10 THE POWER AND PITFALLS OF COM-
PUTATION ON THE EDGE

The computational power now provided by edge devices 
makes it possible to perform many sophisticated analyses 
in situ, such as advanced modeling, predictive analytics and 
fault detection. This has the potential to greatly increase the 
efficiency and efficacy of operations and maintenance con-
trols to bring down operation and maintenance (O&M) costs. 
However, constraints on memory and usability must be taken 
into account when designing such systems. Here we present 
several examples of edge analytics that have been imple-
mented on Raspberry PI and discuss their potential O&M 
value. 

1.2.1 SOLAR ENERGY (PV AND THERMAL) 
+ MULTI-STORAGE: CASE STUDY FOR 100% 
RESIDENTIAL HAWAII ENERGY NEEDS

Future growth in the residential rooftop solar market for 
customer self-supply in a post-NEM world will be driven 
by shortest ROI (return on investment) economics. This re-
quires lower price packing of properly sized rooftop solar PV 
+ thermal systems integrated wih multiple energy storage 
options (electrical battery, hot thermal and cold thermal) and 
optimized time of usefor key household appliances. In April 
2017, twelve days were at zero grid-buy achieving 100% re-
newable energy reducing ROI to seven years or three years 
if including Hawaii and Federal tax credits. 

OBJECTIVE
In a post-NEM world (customer self-supply) with no export/
selling of excess solar photovoltaic (PV) energy back to the 

Anna Waldron,
Data Scientist,
infiswift

1.2  SMART AND EFFICIENT BUILDINGS 
(HOME AUTOMATION) AND CITIES  

John Borland, 
President, 
J.O.B. Technologies

grid, maximum return of investment (ROI) requires zero grid-
buy. We achieved this by optimized integration of electrical 
battery storage with hot (water) thermal storage and cold 
(room/house) thermal storage in combination with time of 
use (TOU) appliances. A side benefit is the elimination of 
both morning and evening grid-buy peaks which flattens the 
energy demand duck curve. 

METHODS
On June 1, 2016, we installed a 7 kWh rooftop solar PV 
system with a 5.5 kWh Tabuchi Electric inverter with 10 
kWh Li-ion battery storage system. Hot thermal storage is 
achieved with a 120 gallon solar thermal system and cold 
thermal storage is achieved by running the air conditioner 
during day time with the excess solar PV generation. 

RESULTS
With customer self-supply ~30% solar PV energy is dumped/
loss due to curtailment based on the PVWATT.NREL system 
advisor model simulation results for Honolulu. With solar + 
battery storage the grid-buy was only reduced by 53% from 
47 kWh/day to 22 kWh/day after the first month making ROI 
a long 13 years for the $3.91/W system costs ($3.20/W=solar 
PV + $0.71/W=battery storage). Reducing grid-buy to <2.7 
kWh/day would reduce ROI to <7 years or <3 years with full 
Hawaii and Federal tax credits. To further reduce grid-buy 
we used three different energy monitoring systems (Tabuchi 
Electric, Laplace and Bidgely) to determine and optimize the 
TOU for the top four energy usage appliances: #1 air condi-
tioner, #2 hot water heater, #3 dryer and #4 refrigerator. Data 
interval resolution of one minute was required to identify 
the root cause of each grid-buy energy demand peak/spike 
and to find an alternative renewable energy source for the 
key energy usage appliances and adjust TOU to coincide 
with peak afternoon solar PV generation and add control-
lable devices to reduce grid-buy. Achieving solar thermal hot 
water temperature >165 F was required to super charge the 
120 gallon hot water thermal storage battery to last a full day 
(four baths) for an equivalent energy storage of 16kWh/day. 
A partially charged hot thermal storage battery of <135 F  
required the modified BOSWaT (Battery Optimized Solar 
Water Tank) to avoid the need for grid-buy and would last 
for only two baths requiring a morning PV battery charge for 
a second discharge. We achieved cold thermal storage by 
using the day time solar PV energy generation to run the air 
conditioner during the day which also reduces excess solar 
PV energy dumping/curtailment and lowers the afternoon 
room temperature from >88 F to <69 F avoiding late after-

1.2  SMART AND EFFICIENT BUILDINGS (HOME AUTOMATION) AND CITIES  
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systems are attached directly to the DC bus. There is no 
grid connection. The voltage of the system follows the bat-
teries State of Charge (SOC). Energy resources are brought 
onto the DC bus through voltage following devices allow-
ing it to act as a single energy resource without the need 
for additional system control. Each generation resource 
is brought online based on a preset system voltage. This 
allows for each generation resource to be used only when 
the system requires it and for Solar to be prioritized as the 
primary energy source. The owner of this building requested 
that the building be islanded from the grid but the grid could 
easily be brought onto the bus in the same fashion as the 
generators if desired. The building loads are all supplied off 
the DC bus. AC motors are fed 380 VDC into Variable Fre-
quency Drives (VFD’s), the lighting is powered off the 380 
VDC bus stepped down to 24 VDC in the occupied space. 
Plug loads are fed AC through an inverter supplied from the 
380 VDC bus. 

RESULTS
Increased efficiency (lower operational costs)
 » All available solar used onsite
 » Improved generator efficiency (Run at optimal speed)
 » DC LED lights (20% more efficient than AC LED’s) 

Lower system capital cost
 » Eliminated the need to export solar to the grid (no Net 

Metering costs)
 » Eliminated solar inverters 
 » Eliminated the need for a microgrid controller
 » Materials and labor savings

•	 Lighting; Equivalent capital cost with lower instal-
lation cost

•	 AC motors; Small efficiency improvement, installa-
tion costs comparable to AC

•	 Plug loads; An inverter is required which is an ad-
ditional cost

•	 Distribution equipment; DC equipment is equiva-
lent in cost to AC

•	 Solar; amortized cost is lower than the grid
•	 Generators; Cost comparable to the grid
•	 LTO batteries; Amortized over the projected 

25-year life of the batteries creates a cost per kWh 
that has a negligible impact on system operating 
costs

Improved resiliency
 » The buildings energy system performs like a large UPS

noon or evening grid-buy energy for home cooling. 

CONCLUSION 
For customer self-supply in a post-NEM world, solar PV + 
thermal system integrated with multi-storage (electrical, hot 
thermal and cold thermal) and optimized energy usage of 
key household appliances with Home Energy Management 
System (HEMS), we eliminated the morning and evening 
grid-buy energy peak/spikes and the duck curve. This re-
sulted in reduction of April 2017 grid-buy to 2.7 kWh/day 
and twelve days with zero grid-buy from the utility achieving 
100% renewable energy. 

1.2.2 DIRECT CURRENT BUS IN BUILDINGS 
– A TOTAL VALUE PROPOSITION

OBJECTIVE 
The aim is to use a DC distribution system in a commercial 
building to increase efficiency, lower overall system costs, 
improve resiliency and safety and cost effectively, aggregate 
energy resources without a microgrid controller.

METHODS
An integrated design approach featuring:
 » Passive building design methods
 » MEP load optimization 
 » 380 VDC building bus allowing for the integration of 

energy resources without the use of a microgrid control-
ler 

 » DC distribution to improve end to end system efficiency, 
reliability and resiliency

 » 128.7 kWh’s of energy storage to balance the DC bus
 » Installation and operational savings offset the cost of 

energy storage 

The buildings energy system features a DC bus fed by two 
prime power rated, high efficiency, natural gas generators, 
two solar arrays and 128.7 kWh’s of energy storage. The gen-
erators feed onto the bus through voltage following rectifiers 
(96.2% efficient), the two solar arrays connect to the DC bus 
through voltage following string optimizers (99.2% efficient) 
and the nine 14.3 kWh Lithium Titanium Oxide (LTO) battery 

Bob Lachenmayer,
COO, 
Pos-En
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Improved safety
 » Low Voltage lighting
 » UL listed “touch safe” 380 VDC distribution for lighting 

CONCLUSION
Focusing on passive efficiency measures first and then 
optimizing the efficiency of each load through design and 
the use of a DC bus helped reduce the overall installation, 
equipment and operating costs. Implementing a 380 VDC 
bus is a cost-effective way to aggregate and fully utilize 
onsite energy generation thereby “right sizing” the overall 
system.

1.2.3 DEVELOPMENT FROM AN IMPOR-
TANT VIEW POINT AIMING FOR “GRID DE-
FECTION” WITH AUTONOMIC DISPERSED 
ELECTRICITY SYSTEM

Since 2002, I have been studying an ideal electric power 
system architecture consisted only of renewable energy re-
sources mainly by photovoltaic generation. 

Though the present hierarchical electric power utility system 
structure for a national power grid is so mature, since the 
19th century there have been designed technologies based 
upon characteristics of the first energy sources, like limita-
tions of electric power generation or transformation without 
electric energy storage. 

The characteristics of the renewable energy sources are 
different from “ordinary stored energy resources” like fossil 
fuels. The renewable energy sources are “FLOW”, not stock. 
So, electric generation from renewable energy sources is 
fractured and intermitted and not controllable or stable to 
enable maximum power from the sources. But we, human-
beings, have obtained technologies to transform electric-
ity easily and to store electric power energy in large scale 
and with high efficiency. Those are “Power Electronics” and 
“New Batteries” like Li-ion cells. 

Yoshihiko Matsumoto, 
Manager of Kyodai Katsura R&D Lab., R&D 
Center
Engineering Development Devision, Tabuchi  
Electric Co., Ltd.

Since 2003, I have proposed a new architecture of the 
electric power system, aiming for a system based only on 
renewable energy sources [1] [2]. This architecture is con-
sisting of a new concept and new technologies, which are 
photovoltaic, power electronics, new battery and informa-
tion/communication technology. Today, the architecture 
aiming for “off-grid”, is brought back into the spotlight as 
“Grid Defection” [3]. 

In 2009, I started the development and creation of the actual 
demonstrative experiment site of residences in Yokohama, 
Japan. In 2014, I lived in the off-grid residence for about 
one year. From my living in the experiment site, I found out 
that the most important factor of the system is energy [kWh]  
efficiency, when it is power [kW] efficiency at a grid con-
nected interactive system. 

Since 2015, I have been driving forward the development 
and improvement of the system in a new R&D. To make 
the market values of the grid defection system is improv-
ing energy efficiency, in other word, reducing “self power 
consumption” of the system feeding side (not fed equipment 
side). 

REFERENCES 
[1] Yoshihiko Matsumoto and Satoru Yanabu, “A Vision of 
the Electric Power System Architecture Aiming for Our New 
Generation”, Transaction journal (Vol. 123, No. 12, p.1436, 
Dec. 2003) of The Power and Energy Society of The IEE 
Japan. English translation: “A Vision of an Electric Power 
Architecture for the Next Generation”, ELECTRICAL ENGI-
NEERING in JAPAN, Vol. 150 No. 1, John Wiley and Sons, 
Inc. (Jan. 15, 2005), 
[2] IRI: Institute of Research and Innovation, “Feasibility 
study on autonomic dispersed electric system network”, 
NEDO (2004) and its Vol. 2 (2005) (Yoshihiko Matsumoto is 
also with IRI.), in Japanese 
[3] RMI: Rocky Mountain Institute, “The Economics of Grid 
Defection”, Feb. 2014 
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1.2.4 A PLATFORM FOR SMART GRID 
TECHNOLOGIES INTEGRATION: THE 
LARGEST LIVING LAB CASE IN LATIN 
AMERICA

This technical abstract presents an overview of “Barao 
Geraldo Living Lab”, a real scale platform for integration 
of emerging smart grid technologies. Barao Geraldo living 
lab, located in the northern end of the city of Campinas, 
SP, Brazil, is the largest of its kind in Latin America. It is 
real-time remotely monitored and comprises strategic in-
stallations such as a large central photovoltaic (PV) plant, 
more than 230 distributed residential rooftop mounted PV 
systems, several electric vehicle (EV) charging stations and 
will be soon expanded with the installation of a central and 
several behind-the-meter distributed storage facilities as 
well as with the integration to the University of Campinas 
smart and sustainable campus. This living lab covers an 
area of roughly 40 km², serving more than 100.000 people. 
The living lab architecture allows the local utility and the re-
searchers to test and compare different emerging technolo-
gies, involving also the final electricity consumers, with the 
objective of understanding the technical, economical and 
regulatory impacts related with the deployment of new tech-
nologies such as PV systems, EVs, storage, smart meters, 
etc. It is also a way to integrate the society in the discussion 
of energy efficiency, climate changes, decarbonization and 
so on. This living lab is now hosting some of the leading 
smart grid projects in Brazil, which are producing innovative 
solutions and preparing distribution utilities in Brazil to cope 
with this ongoing revolution. The trial of research projects 
in a living lab allows the researchers to collect data from 
the “real world” and not only from controlled environments 
such as research laboratories. Experiments that mobilize the 
community and involve the final electricity costumer are a 
method becoming more important nowadays and essential 
in the development of several technologies that involve the 

Giulianno B. Archilli, Inovation Projects Analyst, 
CPFL Energia
Rafael Moya, Inovation Projects Analyst, CPFL 
Energia
Glaucio Hax, M. Sc., Researcher, CPqD
Fabio K. Taniguchi, B. Sc., Researcher, CPqD
Paulo Meira, PhD, Researcher, UNICAMP
Diogo Salles, PhD, Researcher, UNICAMP
Tiago R. Ricciardi, PhD, Researcher, UNICAMP

electricity consumer, such as the load disaggregation and 
the electricity bill breakdown. This is also crucial for reduc-
ing the time between the research and development of a 
new technology and its market maturity. As a result of the 
projects hosted in Barao Geraldo living lab, the following 
can be highlighted: building of behavior models of electric 
vehicle usage based on the data analysis of public and resi-
dential charging stations; comparison of impacts to the dis-
tribution network between slow and fast charging stations 
of electrical vehicles; measurement based investigation of 
main technical impacts and mitigation solutions related with 
the massive connection of distributed rooftop PV systems in 
the same distribution feeder and power quality analysis of 
disturbances associated with a large PV farms connected 
at the distribution level. Finally, this technical abstract is 
emphasizing the importance and the benefits of a living lab 
for the trials of emerging smart grid technologies in a semi 
controlled environment before it can be replicated for much 
more distribution feeders. 

1.3.1 REAL-TIME OPTIMAL CONTROL OF 
BEHIND-THE-METER SOLAR + STORAGE 
SYSTEMS

An energy storage system (ESS) can greatly improve the 
usability and viability of a solar photovoltaic (PV) genera-
tor in high-penetration markets and simultaneously provide 
multiple other benefits or “services” to an electricity con-
sumer behind the meter (BTM). As a result, the term “value 
stacking” has come into use to describe leveraging a single 
ESS to deliver more than one benefit such as solar self-con-
sumption, demand charge reduction, energy arbitrage, and 
backup power. 

OBJECTIVE
The objective of this paper is to introduce an economically 
optimal controller for BTM PV + ESS applications that sup-

1.3  SMART SOFTWARE SOLUTIONS 
FOR DISTRIBUTED ENERGY STORAGE

Mike Fife,
CTO,
Demand Energy Networks
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ports multiple value streams.

METHOD
Classically, ESS controllers only consider one value stream 
at a time. These rule-based and time-partitioned approaches 
use a set of logic rules for determining control setpoints.  
More modern controllers may have the ability to switch back 
and forth between “apps” or “models” to take advantage 
of multiple value streams. But a totally different approach, 
real-time economically optimal control, has been developed 
that promises to yield dramatically better economics than 
the rule-based approaches. This presentation describes one 
such real-time optimal control technique that can be used to 
continually balance participation in multiple value streams 
simultaneously while fully considering battery degradation 
cost. As a comparison, both simulation data and real results 
of fielded optimal control systems were examined and com-
pared against classical rule-based algorithms for different 
applications.

RESULTS
Results show the optimal PV + ESS control technique is able 
to manage more than 5 value streams and constraints simul-
taneously. The optimal control technique produced better 
economics in all applications than the rule based approach. 
The improvement was found to be strongly dependent upon 
the specific application, number of value streams, ability to 
accurately predict load and generation, and complexity of 
the problem. In one fielded application, the customer bill 
savings per MWh of battery throughput increased by 65%. 

Furthermore, the optimal control technique appears more 
suited to adding additional value streams, and to “mixing 
and matching” value streams. This advantage cannot be un-
derstated given the wide variety of applications of PV + ESS 
in the market.

CONCLUSIONS
A considerable challenge for PV + ESS integrators is how to 
build a control system that can realize gains from multiple 
value streams simultaneously in real time. For the test cases 
examined in this report, by far the approach that yielded the 
best overall economics was the optimal control algorithm 
which improved system economics by up to 65% compared 
to rule-based algorithms.

1.3.2 CREATING A DER COMMUNICATIONS 
INFRASTRUCTURE WITH STANDARD COM-
MUNICATIONS PROTOCOLS

OBJECTIVE
The management of the growing portfolio of distributed 
energy resources (DER) in the electric grid is becoming an 
issue of great concern and opportunity for the industry. 
One of the major challenges with DER is the siloed nature 
of both requirements and communications protocols for 
DER integration. Requirements and communications stan-
dards for solar photovoltaic (PV), battery storage, electric 
vehicles (EVs) and demand response have been developed 
at times quite independently and with differing business and 
operational objectives. Yet, for grid operators, the goal is to 
manage a constantly changing set of potential DER resources 
– e.g., rooftop solar, battery storage, EVs and demand re-
sponse – as an integrated grid asset optimized for efficiency, 
costs and effectiveness. 

The objective of this presentation is to describe the chal-
lenges and opportunities for using standard semantic-level 
communications protocols to accommodate differing archi-
tectures and requirements of a DER communications infra-
structure. Protocols such as IEC 61850, OpenADR, IEEE 
2030.5 and DNP3 have become the leading candidates for 
this purpose. California Rule 21 and IEEE 1547 are both 
specifying default, mandatory communications protocols for 
DER. By analyzing use cases and requirements across the 
different DER asset classes we can simplify the communi-
cations platforms required for integrated DER management. 

METHOD
The presentation focuses on building a landscape perspec-
tive of the deployment architectures, use cases, detailed 
technical requirements and communications standards for 
DER from an integrated management perspective. Solar 
PV, energy storage, EV charging and demand response use 
cases and requirements are considered. By analyzing these 
factors and the various protocol capabilities, the presenta-
tion provides guidance on the selection of standard proto-
cols for specific applications. In addition, we’ve identified 
gaps in the current protocols that are or could be addressed 

James Mater,
General Manager, Smart Grid,
QualityLogic, Inc
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to better serve the requirements. 

RESULTS
The presentation identifies the grid requirements and stan-
dards that are used (or planned to be used) in California, 
under IEEE 1547 and by other entities for DER communi-
cations today, guidelines for selecting specific communica-
tions protocols for different applications, and how the stan-
dards can be extended to address the critical gaps that exist 
in the communications landscape. 

CONCLUSION
The research presented in this paper is a contribution to the 
numerous efforts to develop standardized architectures and 
protocols for integrated management of DER resources. 
This is critical to scaling DER management to meet anti- 
cipated growth as well as reducing costs by standardizing 
the communications between unities, aggregators and DER 
assets. This will enable many more vendors to develop and 
offer innovative solutions that can work together, improve 
effectiveness and reduce costs. 

1.3.3 REINVENTING POWER DISTRIBUTION 
IN BUILDINGS

While technologies for generating and using electricity have 
transformed dramatically during the more than 130 years 
since the electricity grid was introduced, the power distri-
bution inside of buildings remained nearly unchanged. With 
the advent of digital technology, local generation and the 
emerging reality of cost-effective available storage, new 
system architectures are now possible. The greatest flexibil-
ity is offered by DC systems as they are able to most easily 
and efficiently integrate generation, storage, and end-use 
devices. 

A new model for organizing power, Local Power Distribu-
tion (LPD), derives appropriate insight from the architectural 
basis and development of internet technologies. This orga-
nizes power from the bottom-up into simple nano-grids that 
can be networked to each other, to local generation, to vehi-
cles and to the utility grid. Nano-grids can provide inexpen-

Bruce Nordman, 
Research Scientist, 
Lawrence Berkeley National Laboratory

sive microgrid capability as they are built out of commodity 
components, connectable with plug-and-play technologies 
and thus avoid professional labor. Central foundations of 
LPD are use of a price (and forecast) local to each nano-
grid, and Network Power Integration, an architecture which 
cleanly separates technologies for power distribution from 
those for functional control. LPD also trivially enables direct 
peer-to-peer power connections between adjacent build-
ings. 

With inexpensive local reliability, the value of grid utility reli-
ability inevitably drops. Buildings can grow an increasingly 
large and capable network of DC systems, including storage 
and most generation and still maintain a connection to the 
AC side of the building infrastructure and thus to the utility 
grid. In this model there is much less need to invest in ex-
pensive utility grid technology, making that capital avail-
able for investment in buildings. This approach is ultimately 
better for local solar systems, as well as for local storage 
systems and of course for the customer. 

This presentation will describe how LPD works, describing 
practical steps to making it available and the larger technol-
ogy and policy context which it enables.

1.3.4 RESIDENTIAL ENERGY STORAGE – 
CAN IT PAY?

AIM 
Much has been said in the power industry about the po-
tential of energy storage for increasing solar penetration in 
utility systems, enhancing solar’s contribution value, and 
whether energy storage should be part of the utility quest to 
achieve their renewable energy targets without jeopardizing 
grid reliability. 

So, the logical question on the minds of residential custom-
ers is: “Can it pay for me to install energy storage?” 

At first, my simplistic question was whether, under Time of 
Use (TOU) rates for a given utility, a customer could recoup 
the cost of a battery by using its stored energy to arbitrage 

Todd A. Pistorese
CEO & Founder
Intelligent Design Solar, LLC
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the TOU electric rates. Secondly, I wanted to determine 
whether a homeowner with an existing solar system could 
benefit by adding batteries and if charging with solar rather 
than with the off-peak grid made for a better return on the 
energy storage investment. 

Finally, would a new solar/storage combined system with 
attractive state incentives make economic sense? 

For comparison, I looked at the results for each question in 
a state with attractive economic incentives vs. a state with 
more aggressive TOU rates and no economic incentive pro-
vided. 

METHODS 
In the first state, I analyzed energy arbitrage for a volunteer 
customer based on his current tiered rate structure against 
the publicized TOU rates. I utilized the utility’s “typical cus-
tomer” hourly load profile from their website and then ran 
several alternative profiles to perform a sensitivity analysis. 

In the second state, I utilized their published optional TOU 
rates as well as high-fidelity 30-second usage data avail-
able from the customer. Furthermore, with solar on this site, 
I evaluated how it would work as the source for battery 
recharge vs. the off-peak rate. I modelled the options for 
energy storage only, energy storage recharged from solar 
and energy storage recharged from off-peak grid hours. 

RESULTS:
The first utility’s TOU rate differentials in the first state were 
not significant enough to justify installation of energy storage 
even with incentives. On the other hand, the second utility’s 
nearly fivefold difference in rates between on-peak and off-
peak hours offered a significant, positive net present value 
over the expected life of the batteries. 

CONCLUSION:
Based solely on an arbitrage use of batteries, the benefit for 
energy storage is dependent on 1) the specific TOU rates 
offered and 2) the individual customer’s actual hourly load 
profile. No one should consider batteries without a detailed 
energy analysis. If TOU rate on-peak to off-peak differentials 
are not 3x or better, it is probably not an economic invest-
ment in that service territory, regardless of the state incen-
tives.

1.4.1 ENABLING HIGH PENETRATION OF 
DISTRIBUTED PV THROUGH THE OPTIMI-
ZATION OF SUB-TRANSMISSION VOLTAGE 
REGULATION

Grid was not historically designed for bi-directional power 
flow, and again was not designed for controlling as many 
devices as are connecting today. Hence this project is ad-
vancing an integrated, coupled technologies approach, all 
the way from advanced, grid edge solar photovoltaic (PV) 
inverters, to distribution feeder equipment, to sub-transmis-
sion systems. Improvement to help PV will also help improve 
utilization of those grid assets for all generation types. 

A Coordinated Real-time Sub-Transmission Volt-Var Control 
Tool (CReST-VCT) is developed to optimize the use of reac-
tive power control devices to stabilize voltage fluctuations 
caused by intermittent PV outputs. In order to capture the 
full value of the Volt-Var optimization, we are coupling this 
tool to an Optimal Future Sub-Transmission Volt-Var Plan-
ning Tool (OFuST-VPT) for short- and long-term planning. To-
gether, the real-time control and planning tools will remove a 
major roadblock in the increased use of utility-scale and resi- 
dential PV. The project is led by PNNL in collaboration with 
North Carolina State University (NCSU), GE global research, 
One Cycle Control (OCC) and Duke Energy. It is funded by 
the U.S. Department of Energy SunShot Initiative. 

At the operation time frame, CReST-VCT is built based on 
algorithms that can coordinate the control logics of the ex-
isting grid reactive power compensation devices and new 
feeder level dynamic var compensation devices, from the 
sub-transmission system down to the distribution system, 
in addition to required var support from distributed PVs. It 
also uses advanced quasi-steady-state models and control 
algorithms for PV inverters, load-side management solu-
tions, and a model reduction tool to reduce the complexity 
of distribution circuit model for sub-transmission analysis 

1.4  SMART SYSTEMS FOR ENERGY 
SECURITY & VIRTUAL POWER PLANTS

Nader Samaan, PhD, P.E., 
Sr. Power Systems Research Engineer,
Electricity Infrastructure Group
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and optimization. 

The objective of the Optimal Power Flow (OPF) based op-
timization algorithms is to maintain the voltage of demand 
buses within desirable level and to minimize the number of 
mechanical switching of shunt elements while maintaining 
transmission substations voltage levels, lines and trans-
former flows within certain boundaries by finding the set-
tings of different reactive power devices, in addition to the 
reactive power requirements from distributed PV. 

A preliminary prototype of CReST-VCT in the form of Python 
code that integrates the GAMS optimization module with 
OpenDSS and MATLAB for the distribution system and 
PSS/E for the transmission network has been completed. 
The preliminary prototype is under testing and debugging. 
The preliminary results show that CReST-VCT will achieve 
the desirable voltage profiles at demand buses by taking ad-
vantage of PV reactive power support capabilities. 

1.4  SMART SYSTEMS FOR ENERGY SECURITY & VIRTUAL POWER PLANTS



16

2. ENERGY STORAGE



17

S
O

LA
R

 E
N

E
R

G
Y

S
M

A
R

T 
E

N
E

R
G

Y
 T

E
C

H
N

O
LO

G
IE

S
E

N
E

R
G

Y
 S

TO
R

A
G

E

Proceedings of The Technical Symposium, September 10-13, 2017, Las Vegas, NV

2.1.1 REDOX FLOW BATTERY SYSTEMS: 
CURRENT STATUS AND FUTURE PROS-
PECTS 

OBJECTIVE
Grid-scale energy storage systems with large energy capaci-
ties will be required to maximize the integration of large-scale 
variable energy resource generation (e.g. utility-scale solar 
and wind). The purpose of this work is to assess whether 
Redox Flow Batteries (RFBs) have the potential to meet the 
challenging cost requirements for widespread conversion of 
renewable energy resources to baseload generation. 

METHODS 
A detailed techno-economic study conducted by the Depart-
ment of Energy’s (DOE) Joint Center for Energy Storage Re-
search has shown that RFBs have the potential to meet the 
challenging cost requirements for Electrical Energy Storage 
(EES) applications with five-hour discharge times at rated 
power [R. Darling, et.al., Energy & Environmental Science, 7, 
3459 (2014)]. However, one would also like to assess if this 
future potential can actually be realized and, if so, the likely 
timing of the additional developments required. Therefore, 
the focus of this work is to compare the current state of 
deployed RFB systems to the Future State of the detailed 
techno-economic model, as well as evaluating the status of 
the various additional technologies required to realize the 
projected costs. 

RESULTS 
Some uses of EES technologies are currently economically 
attractive relative to conventional alternatives; these pri-
marily include strengthening the power grid (e.g. frequency 
regulation, transmission/distribution investment deferral) 
and accessing cost savings for industrial and commercial 
energy users by reducing utility bills (e.g. lowering demand 
charges). However, more transformational scenarios, such as 
the widespread conversion of renewable energy resources 
to baseload/dispatchable generation, which requires long 

2.1  BATTERY CHEMISTRY 

Mike Perry,
Technology Development,
United Technologies Research Center

discharge duration (i.e. energy) relative to peak output 
power, are not yet economically viable at current battery 
prices [Lazard’s Levelized Cost Of Storage, V2.0 (2016)]. 

RFB systems are currently being developed and deployed 
by multiple serious developers, and the investments are mo-
tivated by both the increasing need for affordable long-du-
ration EES solutions, as well as recent substantial advance-
ments RFB technology [M. Perry, et.al., IEEE Proceedings, 
102, 976 (2014)]. In addition, there are multiple opportunities 
for advanced RFB materials, especially cell-stack compo-
nents (e.g., membranes and electrodes) and RFB active ma-
terials [M. Perry and A. Weber, JECS, 163, A5064 (2016]. 
The variety of advanced-material options for these key RFB 
components makes it likely that substantial cost reductions 
will continue to be realized in the near future. Some exam-
ples of promising materials and advanced technologies will 
be presented, along with the impact that each may have on 
RFB system cost. 

CONCLUSION 
RFB systems can potentially play a major role in the further 
integration of renewable-energy generation. 

2.1  BATTERY CHEMISTRY  
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2.2.1 A COMPARISON OF ZINC HYBRID 
CATHODE BATTERIES AND FLOW BAT- 
TERIES IN DESIGN, APPLICATION AND COST 

OBJECTIVE 
Zinc hybrid cathode battery technology is sometimes con-
fused with redox flow because they are both fluid-based 
alternative chemistries. However, use of fluid to generate 
electricity is the only real similarity between the two. A flow 
battery stores energy in external tanks, using pumps and 
hoses to move fluid into the cell along fragile ion-selective 
membranes. In a zinc hybrid cathode battery, the anode and 
cathode zinc-based aqueous solution are part of the com-
plete sealed cells containing no membranes or moving parts. 
Zinc hybrid cathode battery was designed to be simple and 
durable, with a longer operating life, less maintenance and, 
ultimately, a lower cost for utilities, commercial and indus-
trial customers. 

METHODS 
Eos’ zinc hybrid cathode battery was developed in collabo-
ration with several utilities to ensure the most efficient and 
practical battery design for specific use cases. It was found 
that target customers required four to six hours of storage 
for peak shaving, load balancing and demand response ap-
plications. Utilities’ traditional peak shaving and load shift-
ing infrastructure, gas peaker plants, typically cost around 
$1,000/kW, which made $160/kWh the benchmark for a 
six-hour application. With quality performance at $160/kWh 
set as the goal, engineers tested different battery designs 
on longevity, power density and other factors. One early 
design was a flow battery variation called “semi-flow” that 
dripped overflowing electrolyte from cell to cell to dramati-
cally increase efficiency by eliminating the shunting current 
between cells. While this method eliminated easily-broken 
membranes and complicated pump controls, a bipolar 
battery configuration was determined more cost effective. 

2.2  BATTERY DESIGN,  
ENGINEERING & PROGRESSIVE 
BATTERY MANUFACTURING 

Steven Amendola,
Inventor,
Eos Energy Storage

RESULTS 
As a result, a simple, responsive and modular zinc hybrid 
cathode battery was developed at the lowest cost in the 
market. While flow batteries can cheaply increase capac-
ity by increasing tank size, only extremely large capacities 
approach the dollars-per-kWh cost of zinc hybrid cathode 
batteries. There are niche applications requiring such a lop-
sided energy-to-power ratio: for example, a military base 
needing to operate solely on storage for days at a time. Zinc 
hybrid cathode batteries best service four to six-hour utility 
and commercial/industrial applications. 

The zinc hybrid cathode battery has a fixed power-to-energy 
ratio with stackable units able to reach 1000 V. Unlike flow 
batteries, zinc hybrid cathode technology does not require 
external mechanical devices and can thereby perform 
demand response functions instantaneously without need 
for pumps. 

CONCLUSION 
The biggest differentiators between zinc hybrid and flow 
batteries lie in cost, design and application. While Eos’ initial 
zinc battery system was developed as a semi-flow technol-
ogy with no membrane, it is cheaper to dispense with the 
traditional flow design in favor of the bipolar configuration. 
With cost as a bottom line, the zinc hybrid cathode battery 
was developed as the best possible system available for the 
utility, commercial and industrial industry. 

2.2.2 NO SUN. NO WIND. NO PROBLEM. AN 
INNOVATIVE SOLUTION TO STORING GRID 
AMOUNTS OF GREEN ENERGY

OBJECTIVE 
To solve the intermittent power generation problem with 
renewable energy by providing an unobtrusive system that 
is capable of storing solar and wind power at commercial 
(500 MW) and micro (50 MW) grid scales, which can sustain 
power generation for days to weeks without contributing 
any harmful environmental byproducts. 

Joe Bower, Co-Owner,
Solar Wind Storage LLC
Tom Barczak, Co-Owner,
Solar Wind Storage LLC

2.2  BATTERY DESIGN, ENGINEERING & PROGRESSIVE BATTERY MANUFACTURING  
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METHODS 
The storage method employs the authors’ patented system 
of hydrostatic hydrogen storage. Energy from solar or wind 
farms is used to power electrolysis to convert the green 
energy into hydrogen. The hydrogen is captured and stored 
in man-made, cylindrical, sealed underground chambers. 
The chambers can be sized as required to store whatever 
amount of hydrogen is required to provide the necessary 
energy supply. Chambers up to 20 ft in diameter and 2,000 
ft deep can be created using conventional mining practices. 
The unique feature of the patented system is connecting the 
chamber to a surface body of water providing a means to 
flood the chambers with water, creating hydrostatic pres-
surization of gas that is placed in the chamber, thereby 
eliminating the need for any mechanical compression, 
which is a significant operational cost of conventional hy-
drogen storage methods. The process is self-replicating in 
that as the hydrogen pressure is introduced into the flooded 
chamber, the gas volume will increase forcing water back 
out of the chamber as the developing gas pressure offsets 
the hydrostatic pressure. This process can continue until the 
chamber is full of pressurized hydrogen. At any time when 
hydrogen removal is needed for regeneration of electric-
ity, the hydrostatic pressure acts to maintain the remaining 
gas volume under pressure. Electricity regeneration can be 
accomplished by use of fuel cells or conventional steam 
turbine technology. 

RESULTS 
The proof-of-concept has been demonstrated at the bench 
scale validating the full functionality of the approach, in-
cluding all elements of the system. Since all the component 
technologies exist, including creating the chamber by con-
ventional mining shaft sinking practices, no emerging tech-
nology development is needed to provide full-scale opera-
tion of the system. 

CONCLUSION
As green energy continues to increase in availability, it will 
move beyond the offset role into the base load generation 
of electricity, and the demand for storage of this intermittent 
energy will grow accordingly. The patented approach devel-
oped by the authors’ benefits from an economy of scale par-
ticularly as these transitions occur. Only pumped hydro can 
achieve similar energy storage capacity, but the potential 
energy of falling water is considerably less than the energy 
density of pressurized hydrogen and battery technology is 
not feasible at these scales. No sun. No wind. No problem. 

2.2.3 MAKING THE CHOICE OF AN AC OR 
DC COUPLED ENERGY STORAGE SYSTEM

The value of solar coupled with energy storage is hard to 
ignore. A system that has a dedicated inverter for the bat- 
teries and a separate inverter for the photovoltaic (PV) is an 
AC coupled system. A DC coupled system has dedicated 
DC-DC converters for each part of the PV plus storage 
system that connect to one large inverter. Each of these 
system topologies has characteristics that impact installed 
cost, design flexibility, efficiency, and reliability. Attend-
ees will learn the advantages of both AC and DC coupled 
systems and how to choose the right solution for their proj-
ects.

DC coupled energy storage systems are advantageous com-
pared to AC coupled systems when all of the power elec-
tronics and battery systems are collocated. For example, 
in residential PV systems, it is not uncommon to collocate 
a 5 kW string inverter with a battery. Rapid shutdown for 
the residential rooftop system is easily accomplished using 
module-level electronics. The low cost of power electronics 
of this scale serves the need for residential projects. While 
ground mount PV projects at commercial facilities with net 
metering are also a good application for DC coupled energy 
storage, rooftop commercial PV tends to be easier to im-
plement with string inverters rated 60 kW or less. This is 
because the placement of the inverters on the roof assists 
with current rapid shutdown requirements. After January 1st 
2019, module-level electronics will need to be incorporated 
into the system to comply with rapid shutdown. String in-
verters would still be preferred because of the flexibility of 
system capacity rating and resiliency through having mul-
tiple power stages in parallel, where there is not a single 
point of failure in the power conversion electronics topology 
of the PV pant. Energy production still occurs with downtime 
from one or even multiple inverters. 

With DC coupled systems, one of the major project risks 
is inverter reliability. The power conversion electronics are 
a bottleneck for two functions: PV energy production and 
energy management services provided by the battery. 
Should the power conversion electronics experience down-

Eric Every,
Product Manager,
Yaskawa – Solectria Solar
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2.2.5 REVERSIBLE FUEL CELL SYSTEM 
FOR ENERGY STORAGE AND HYDROGEN 
PRODUCTION

OBJECTIVE
A fuel cell combined with an electrolyzer offers the potential 
to provide storage for large amounts of renewable energy 
at a lower cost than batteries. These reversible fuel cell 
systems are beginning to be commercialized in micro-grid 
applications. However, in conventional reversible fuel cell 
energy storage systems, the fuel cell and electrolyzer do 
not operate simultaneously. Significant system cost savings 
could be achieved if a single cell stack could operate as 
both an electrolysis stack and a fuel cell stack. 

METHOD 
The challenges with a “unitized” approach is degradation 
of conventional catalysts in the oxygen electrode during 
voltage cycling, identification of a low-cost reversible hy-
drogen electrode, and optimization of the electrodes for 
both fuel cell and electrolysis operation. While precious 
metal-based unitized Proton Exchange Membrane (PEM) 
cell technology exists today, it requires high loadings of pre-
cious metal in the electrodes, rendering it cost-prohibitive 
for commercial grid applications. In this paper, a low-cost 
unitized reversible alkaline fuel cell system technology is 
presented. The technology is based on novel catalysts for 
both electrodes and a cell design optimized for operation in 
both fuel cell and electrolysis mode. 

RESULTS 
In cell testing the reversible unitized alkaline fuel cell tech-
nology shows similar efficiency to precious-metal reversible 
fuel cells. Durability for over 1,000 cycles, sufficient for initial 
commercial adoption, has been demonstrated. Rapid start-
up (less than 1 second) in either current direction has also 
been demonstrated. The low-cost electrode materials (no Pt 
or Ir) would enable significant cost advantages compared to 
PEM-based systems. An economic analysis showing poten-
tial cost breaks for the system compared to battery energy 
storage has been performed. Additionally, the technology can 
provide benefits with regards to hydrogen generation. Future 
work will focus on demonstration of a 10 kW prototype stack.

Paul Matter,
President / Founder,
pH Matter, LLC

time, all potential revenue generated by these two functions 
will cease until the failure is remedied. DC coupled energy 
storage systems tend to be large compared to the capacity 
of the facility. For projects such as these, the impact to a 
project’s cash flow during downtime is significant which in-
spires significant urgency for repairs. Since the power elec-
tronics tend to be large and not commoditized items, spare 
parts and technician availability work against the urgency to 
repair, creating anxiety for all involved.

 A solution to project risks related to downtime involves 
incorporating multiple power conversion devices into the 
PV and energy storage system. Deploying inverters rated 
50-250 kW allow for the majority of the system to operate 
in the event of an inverter failure. These inverters must be 
dedicated in function, either serving just PV, or for battery 
energy storage. This topology allows for inverters to be 
distributed within the PV array. The battery enclosure and 
conversion electronics can be located close to the point of 
interconnection. A DC coupled system with inverters and 
batteries distributed through the array does not provide 
any construction cost savings. Costs relating to mechanical 
support infrastructure, electrical distribution, communica-
tions, and construction all increase compared to centrally 
located battery solutions. Savings from economies of scale 
from battery packaging are lost if the batteries are also dis-
tributed throughout the PV array.

2.2.4 CHALLENGES ON MICROGRID PRO-
TECTION – MAIN POINTS TO CHOOSE BEST 
CONFIGURATION OF PROTECTION AND 
SELECTIVITY 

Utilities all around the world now face the challenge of co-
ordinating the implementation of micorgrids into various 
elements of existing power systems. In this case an ex-
tremely innovative configuration of parameters for reclosers 
and protection relays of energy storage systems (EES) was 
developed. It is a great pleasure to share this with our col-
leagues of different utilities and discuss the best solutions 
for the future.

Marcos Aurelio Izumida Martins,
R&D Engineer,
CERTI Foundation
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CONCLUSION 
Considering the low cost to store large amounts of energy 
with a reversible fuel cell system, the technology could be 
more economical than batteries for systems requiring a 
large ratio of energy to rated power (greater than about four 
hours). The system could also be advantageous for applica-
tions that have a need for hydrogen, or would benefit from 
long-term storage of excess energy. 

2.2.6 PURE LEAD CARBON TECHNOL-
OGY – LEOCH PLH+C SOLUTION FOR PSOC 
CYCLING

OBJECTIVE 
Lead-acid batteries are widely used in various applications, 
from automotive starting and micro hybrid cycling to tele-
communication and uninterruptible power source (UPS) 
backup floating, from motive power deep cycling to renew-
able energy storage partial state of charge (PSoC) cycling, 
etc. In the last five years, energy storage system became 
one of the fastest growing markets. For renewable energy 
storage systems, the battery manufactures are actively de-
veloping batteries with a higher power and higher energy 
density to meet the following requirements for longer service 
life: 

1. more frequent high rate or low rate PSoC conditions, 
2. faster charging capability (0.5C ~ 1C charging current), 
3. lower water consumption, 
4. better performance under higher and lower temperature 

environmental conditions,
5. very reliable and easy for transportation. 

METHODS 
In this presentation we will talk about our recent study and 
the development in detail and show a full set of testing results 
of advanced PLH+C technology which combines both thin 
plate pure lead technology and advanced carbon technology. 

RESULTS
This advanced technology provides an alternative solution 

Shawn Peng, VP of Technology,  
Leoch International Technology Ltd. 
Baixi Wei, Engineer,
Leoch Battery Corporation

for the energy storage market, especially for behind-the-me-
ter, frequency regulation and peak shaving applications, etc., 
as customers are looking for long PSoC cycle performance, 
fast charge acceptancy and high power output discharge 
capability. The ongoing test shows that PLH+C technology 
improves the charging acceptance significantly, in making it 
over three times as high as traditional VRLA lead–acid bat-
teries with 50% less water consumption and a charge rate of 
0.8 C to 1 C high current rate. The PSoC life testing data will 
also be presented according to IEC61427 (2014) standard 
which includes winter and summer PSoC cycle conditions. 

CONCLUSION
Under PSoC operation, the PLH+C can overcome an overall 
cycle life by over 50% versus traditional VRLA batteries with 
higher power density and can be charged much faster (one 
to two hours). It can be a good and reliable option for renew-
able energy storage systems. 

2.3.1 NEXT GENERATION MODULAR CSP

247Solar Inc. is commercializing a lower-cost, next-genera- 
tion concentrating solar power (CSP) system to replace 
expensive first generation CSP technology. It can produce 
electricity 24/7 at costs competitive with all other forms of 
power generation (<10 cents/kWh initially, <6 cents with 
factory production). It also eliminates most disadvantages 
of conventional CSP, PV, wind, and traditional power. Called 
the 247Solar Plant™, it was developed with funding support 
from the US Department of Energy. Critical, patented inven-
tions broke through CSP’s traditional complexity and cost 
barriers to create a simplified, low-maintenance design with 
higher operating efficiencies. Its air system operates at at-
mospheric pressure, requires no scarce water to drive steam 
turbines, and eliminates the cost and complexities of molten 
salts and heat transfer oils. 

2.3  INNOVATIVE TECHNICAL SOLU-
TIONS FOR THE ENERGY TRANSITION 

Bruce Norman Anderson, 
CEO,
247Solar
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SCALABLE MODULAR DESIGN
Unlike first-generation CSP projects, which are custom-en-
gineered and expensive large-scale construction projects, 
the 247Solar Plant is modular, like a wind machine. It is a 
standardized, turnkey product of 300 kW to 2 MW capacity 
that is scalable from a single Plant located wherever power is 
needed to a utility-scale energy farm of many Plants. Also like 
wind machines, 247Solar Plants use factory-made compo-
nents for lower cost, higher quality control, and rapid assem-
bly. Each Plant has few moving parts, uses mostly proven 
equipment, has no known environmental deficiencies, and 
can be operated simply, with low maintenance requirements. 
Most components can be produced locally, for job-creation.

STORAGE WITHOUT BATTERIES
The 247Solar Thermal Storage System™ stores the sun’s 
energy as heat instead of electricity for nighttime use. It has 
no moving parts and uses simple firebrick instead of costly 
and risky molten salt. To guarantee electricity 24/7, the Plant 
can also burn a variety of fuels on a limited basis to provide 
on-demand power regardless of sunshine or weather condi-
tions. Like batteries, the system responds instantly to fluctu-
ating power demand, but at a much lower cost.

GLOBAL OPPORTUNITIES
247Solar Inc., which purchased this technology from Wilson 
Solarpower, is actively negotiating business ventures in 
CSP’s largest markets: China, India, and the MENA region. 
The Company has recently signed agreements with Masdar 
Institute and Masdar Corporation to build the first reference 
Plant in Masdar City, Abu Dhabi. It also has signed an MOU 
with an initial customer for a 10-megawatt power project. 
Negotiations are also underway in smaller markets, includ-
ing North America, Africa, and Australia. 

247SOLAR PLANTS™
 » 24/7 clean emissions electricity most hours of the year
 » Competitive with PV now for 24/7 operation, with all 

forms of power generation long term (<6 cents/kWh, US 
costs)

 » MIT origins
 » US Department of Energy funded
 » US Department of State US-China EcoPartnership

2.3.2 AN ONLINE LIFEPO4 BATTERY IM-
PEDANCE ESTIMATION METHOD FOR GRID-
TIED RESIDENTIAL ENERGY STORAGE 
SYSTEMS

The significant and growing interest in residential battery 
storage in the global market today is mainly motivated by 
the high penetration of renewables, the decreasing cost 
and increasing efficiency of power electronic devices, and 
advancements in the safety and energy density of batter-
ies, especially Lithium-Ion (Li-Ion) batteries. Smart storage 
technology allows end users to achieve greater indepen-
dence from traditional energy providers by providing them 
with the capability to pair and manage renewables + storage 
to combat grid outages and enabling them to avoid the 
effects of utility tariff increases, both in the short-term and 
the long-term. The growing need for smarter, cleaner energy 
management and the future extensibility of smart functions 
to grid services, energy sharing and increasing energy effi-
ciency are further propelling the fast growth of smart storage 
technology. 

Lithium iron phosphate (LiFePO4) battery chemistry is a 
chosen leader in residential battery storage due to its in-
trinsic safe performance, good energy density, long life, and 
price per cycle. This presentation will cover a technical dive 
into an improved online method for estimating the imped-
ance of LiFePO4 batteries when they are used in residential 
single phase energy storage systems, including the capa-
bility to maximize energy services over the lifetime of the 
systems. Single phase power systems have the intrinsic 
characteristics that deliver power at twice the frequency 
of the grid; by energy conservation principle and this pul- 
sating characteristics is transferred directly to the current in 
the DC stage of the battery storage system. The proposed 
method takes advantage of this phenomenon and is able 
to characterize, in situ, the AC impedance behavior of the 
battery without interrupting the energy conversion process 
or adding any external perturbation to the system. We will 
show the experimental results, describe how to validate the 
proposed method, and show simulations of the applicabil-
ity of this methodology in the assessment over the actual 
battery aging state. 

Carlos Restrepo, 
VP of Research & Development, 
sonnen, Inc.

2.3  INNOVATIVE TECHNICAL SOLUTIONS FOR THE ENERGY TRANSITION  
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2.3.3 LOCATION DEPENDENT IMPLICA-
TIONS OF INTEGRATING ENERGY STORAGE 
INTO A DISTRIBUTION SYSTEM – CASE 
STUDY

OBJECTIVE
This study analyzes the steady-state effects of connecting 
a Battery Energy Storage System (BESS) to a distribution 
feeder owned and operated by a Distribution System Pro-
vider (DSP) in the South. The BESS is sought to improve 
performance reliability on the feeder and to transact in 
the Independent Service Operator (ISO) ancillary services 
market. However, thermal and voltage violations under 
various load levels and operating modes indicate that the 
BESS is not aptly located on the feeder. An alternative loca-
tion on the feeder is examined and deemed more suitable 
for BESS placement. 

METHODS
The distribution feeder model, provided by the DSP and 
developed using CYME Power Engineering Software, is 
analyzed for the capacity aspects of integrating a BESS. 
The BESS is set up such that it is operated in both export 
(discharging) and import (charging) modes. The distribu-
tion feeder load is evaluated for three different load sce-
narios based on historical data provided by the DSP. Ad-
ditionally, the DSP’s planning criteria was observed, which 
limits inductive equipment to 100% thermal loading of their 
nameplate, and limits all overhead lines and conductors to 
100% thermal loading of their 1-hour rating. Moreover, the 
voltage limitations applied for the steady-state analysis were 
0.983-1.05 pu. The analysis evaluated various BESS loca-
tions based on discussions with the DSP to maximize the 
BESS capability as well as to minimize any system upgrades 
needed to integrate the BESS. 

RESULTS 
The results of this study show that the original BESS loca-
tion provided by the DSP does not provide the system per-
formance desired, with one or more of the following issues 
encountered for all load conditions: conductor overloading, 

Billy Yancey, III,
VP of Product Managment,
Electric Power Engineers, Inc.

transformer overloading, voltage regulator overloading, and 
voltage levels outside the accepted range. The majority of 
the overload conditions resulted from the BESS import-
ing power (charging). The best location shows a significant 
reduction in necessary upgrades as well as an improved 
system voltage profile. This is specifically attributed to the 
BESS being located closer to the middle of the feeder due 
to three conducive reasons: a higher voltage level (24.9 
kV versus 12.5 kV) because of a transformer installation, a 
higher cable ampacity, and a higher X/R ratio which renders 
reactive power control more effective. 

CONCLUSION 
The study’s findings reveal that the location of the BESS 
has significant implications on the distribution feeder. En-
gineering judgment should be carefully exercised to avoid 
the possibility of introducing problems on the feeder due to 
an inappropriately located BESS. Re-evaluating the BESS 
at a location near the middle of the feeder resulted in a 
much more favorable outcome due to reduced thermal and 
voltage violations. 

2.3  INNOVATIVE TECHNICAL SOLUTIONS FOR THE ENERGY TRANSITION  
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3.1.1 ENERGY RATING OF PV MODULES: 
IMPROVE THE RETURN ON INVESTMENT BY 
CHOOSING OPTIMAL TECHNOLOGIES

OBJECTIVE
During the years from 2004 to 2016 a sum of $1,161 billion 
has been invested in photovoltaic systems. A large part of 
this investment is given by the price of photovoltaic modules 
which, in turn, is determined by their output power rated 
at standard test conditions (STC), i.e., at an irradiance of 
1000W/m², a module temperature of 25°C and a spectral 
irradiance according to IEC 60904-3. However, the return on 
investment is determined by the energy yield of the module 
at physical outdoor conditions that depend on the module 
location, include daily and seasonal variations, and are in 
general substantially different from the STC conditions. 
Therefore, the energy yield of a module cannot be predicted  
simply by multiplying the time averaged insolation of a spe-
cific location with the rated module output power accord-
ing to STC. Instead, a factor, the module performance ratio 
(MPR), usually significantly smaller than unity, is used to 
describe this discrepancy. The MPR of a module depends 
on the module technology, its mounting situation, and the 
location. The location implies characteristic variations of ir-
radiance, module temperature and spectral distribution of 
sun light, all occurring on seasonal and daily basis. 

METHODS 
Comprehensive tests with regard to energy rating and energy  
yield were performed in the laboratory and outdoors; five test 
sites, each in a different climate zone, were therefore construct-
ed. The annual in-plane global solar irradiation was 2,386 kWh/
m2 in Saudi Arabia, 2,360 kWh/m2 in Arizona, 1,860 kWh/m2 

in India, 1,556 kWh/m2 in Italy and 1,195 kWh/m2 in Germany. 
These test sites allow the generation of the PV module and 
environmental data sets needed to understand the real-
world performance and long-term reliability of photovoltaic 
(PV) modules. Thus it was possible to generate an under-

3.1  LABORATORY INSIGHTS 

Markus Schweiger,
Electrical Engineer,
TÜV Rheinland Energy GmbH

standing (that so far is unique) of PV module performance 
under real operating conditions in different climates.

CONCLUSIONS

Because of cost and time pressure, consideration of the 
energy yield performance of PV systems is often of second-
ary importance when constructing PV plants. Optimization 
of the yield is necessary, however, for successful invest-
ment. Significant differences were observed in the energy 
yield of PV modules available on the market – up to 23%, 
depending on power rating, technology and climate. The 
results have shown that a combination of indoor tests and 
reference climate datasets is sufficient for estimating, within 
±3%, and comparing the energy yield performance of dif-
ferent PV module technologies. The long-term stability of 
electrical power, however, must still be tested in the field. 
The ultimate owner of the PV power plant should consider 
a well-defined module performance ratio before making an 
investment decision. 

3.1.2 DEVELOPMENT OF FIRE MITIGATION 
SOLUTIONS FOR PHOTOVOLTAIC SYSTEMS 
INSTALLED ON BUILDING ROOFS

Recently, work was completed on the first phase of a multi-
phase research project that has the goal of developing fire 
mitigation solutions for photovoltaic (PV) systems installed on 
building roofs. These types of systems have become increas-
ingly common in recent years, and while rooftop PV systems 
are a great value proposition to the building owner and 
provide clean renewable energy, they are accompanied by 
several unintended consequences. The PV system adds high 
voltage electrical components and combustible materials to 
the roof, which is outside of the range of the building’s detec-
tion and suppression systems. The electrical components of 
the PV system can potentially fail and cause fires. When fires 
do occur on the roof, the presence of the PV modules can 
change the fire dynamics by trapping heat near the roof and 
causing fire to spread more rapidly. In addition, the lack of 
a safety shut-off switch to the high voltage wires within the 
array can deter the fire service from going on the roof to fight 

Joel Sipe
Senior Managing Engineer
Exponent Inc.
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the fire or ventilate the building. As a result, there have been 
a number of high-profile large-loss fires on commercial build-
ings where PV systems created challenges for the fire service. 

This research project aims to develop mitigation solutions 
that can limit the extent of flame spread across a commer-
cial roof where a PV system is installed. Phase 1 of this re-
search project involved the development of the test plan and 
was completed in the summer of 2016. Phase 2 will involve 
executing the test plan and will occur in fall of 2017. The 
test plan includes full scale fire testing on roof assemblies 
that measure 30’ by 40’. The fire exposure will be created 
using a gas burner and a bank of fans to create a uniform 
air flow across the roof assembly. The testing will investigate 
the effects of roofing material and PV module orientation on 
flame spread to determine a worst case baseline scenario. 
This baseline scenario will be used to evaluate the perfor-
mance of several possible mitigation solutions. The mitiga-
tion solutions that are being considered include walkways 
added to the PV array, non-combustible cover board added 
between the roof insulation and membrane, and vertical bar-
riers added at strategic locations throughout the array. Full 
scale fire testing of roof assemblies and PV systems to de-
termine a baseline scenario will be performed in Phase 2. 

3.2.1 FIELD STUDY AND ANALYSIS OF 
BACKSHEET DEGRADATION IN 450 MW + PV 
INSTALLATIONS

3.2  ADVANCED AND NEW MATERI-
ALS FOR PHOTOVOLTAIC CELLS AND 
MODULES

Hongjie Hu, DuPont China R&D Center
Thomas Felder, DuPont Photovoltaic Solutions
Kaushik Roy Choudhury, DuPont Photovoltaic 
Solutions
Lucie Garreau-lles, DuPont de Nemours  
International SARL
William Gambogi, DuPont Photovoltaic Solutions
Steven MacMaster, DuPont Photovoltaic  
Solutions
William Wang, DuPont China R&D Center
T. John Trout, DuPont Photovoltaic Solutions

OBJECTIVE
Photovoltaic (PV) modules are exposed to a wide range of 
stress conditions in the field (UV, temperature, moisture, 
thermal cycling, and internal voltage) simultaneously and se-
quentially which are quite different with current IEC standard 
tests. The performance of PV modules and their component 
materials under the stresses in the outdoor environment is 
the most important indicator of reliability and safety of PV 
modules. It is important to first understand real field degra-
dation and use that to guide the development of lab acceler-
ated tests. 

METHODS
Field inspection and study for about 200 PV installations 
(which include 450 MW+ and 1.9 million modules) in NA, 
EU and AP were conducted in 2011-2016 by global project 
team within DuPont. These inspections covered a range of 
climates, installation types, and ages ranging from newly in-
stalled to >25 years of operation. IR thermography, field I-V 
tester, portable FTIR, color and gloss meters were employed 
for field inspection. Hundreds of field modules with various 
field ages in different climates were collected for additional 
lab analysis. Electroluminesence imaging, surface/cross-
sectional SEM observation, FTIR and mechanical property 
testing were conducted for module destructive analyses. 

RESULTS 
Statistical analysis indicated that 22% of global modules 
have shown visual defects. Among that, cell (including elec-
trical inter-connection) accounts for 11.3% visual defects 
while backsheet accounts for 7.5%. These are the top two 
failure components of the module. Typical visual defects of 
the cell mainly are corrosion, snail trial, hot spot, etc. Back-
sheets mainly degrade with as yellowing, cracking and de-
lamination. Besides, some invisible early degradation signals 
of backsheet, such as micro-cracks, thickness erosion and 
mechanical property decrease were identified in lab via de-
structive analysis. These early degradation signals are com-
monly observed on some backsheets even at early field 
stage (usually <5 years). We have revisited several installa-
tions over time and have followed the development of these 
early indicators to larger scale defects. 

CONCLUSION 
These visible and invisible early degradation signals reveal 
high failure risks of those backsheet materials in field and 
some of that already resulted in large scale of serious field 

3.2  ADVANCED AND NEW MATERIALS FOR PHOTOVOLTAIC CELLS AND MODULES
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failure and safety risks. Module accelerated sequential aging 
tests (MAST) have been developed in lab by correlating the 
field failure modes and mechanisms to lab test results. 
MASTs can be a good lab test method to evaluate the reli-
ability of module and guide material selection for module 
design. 

3.2.2 RESEARCH AND PERSPECTIVES OF 
NOVEL INALN/SI HETEROJUNCTION SOLAR 
CELLS

OBJECTIVE 
The Nitride of Indium and Aluminum (InAlN) was postulated  
as an excellent candidate to produce solar cells in the year 
2008. In the present research InAlN thin layers were studied 
and simulated for its possible use in novel InAlN/Si hetero- 
junction solar cells. The objective of this research is to dem-
onstrate the technical feasibility of InAlN-based solar cells to 
academy and industry. 

METHODS
In the experimental part, thin layers of InxAl1-xN were de-
posited on glass by RF Sputtering Magnetron. The deposi-
tion parameters were: power between 40W and 48W, the 
working pressure of 6x10-3 Torr, the deposition time of 40 
minutes and the substrate temperature of 50 °C. The optical, 
chemical, structural, morphological, and electrical proper-
ties were characterized by the UV-VIS spectrophotometry, 
XRD, XPS, SEM, AFM, and Hall Effect techniques. In addi-
tion, the AMPS software was used to predict the behavior of 

L. F. Mulcue Nieto, Universidad Nacional  
de Colombia Sede Medellín 
W. Saldarriaga, Universidad Nacional  
de Colombia Sede Medellín
W. de la Cruz, Centro de Nanociencias  
y Nanotecnología UNAM 
E. Restrepo, Universidad Nacional de Colombia 
Sede Manizales
N. Sanchez, Universidad Nacional de Colombia 
Sede Manizales, Tecno Academia SENA seccional 
Caldas
S. Mendoza, Universidad Nacional de Colombia 
Sede Manizales
N. Duarte, Universidad Nacional de Colombia 
Sede Manizales

a InAlN/Si heterojunction solar cell. At this stage the short-
circuit current Isc, open-circuit voltage Voc, fill factor FF, and 
device efficiency η were obtained.

RESULTS 
The band gap energy of the InAlN layers had values between 
1.9 eV and 2.3 eV, that correspond to the solar visible spec-
trum. XRD graphs showed an amorphous structure in all the 
films. The thickness of the films were approximately 500 nm. 
By simulating, the InAlN/Si heterojunction solar cell had a η 
of 5.2%. This means that the basic device works as a solar 
cell. The possible physical design parameters that could be 
adjusted to increase efficiency were discussed.

CONCLUSION 
Amorphous InxAl1-xN layers were obtained with 0.55≤x≤0.60
 » Eg values are indicated for use in solar cells (1.9eV and 

2.3eV).
 » The values of Eg as a function of x are between the 

reported values in previous research.
 » The absorption coefficients were high, with respect to 

the materials used in current solar cells.
 » The experimental and theoretical research of InAlN 

layers allowed concluding that this material can be used 
to develop novel InAlN/Si heterojunction solar cells.

 » The obtained efficiency of the device was 5.2%, and 
confirms that this material is a good candidate for novel 
solar cells.

 » These results are very important, in order to highlight 
the promising future of this technology, and to increase 
the interest to photovoltaics manufacturers.

3.2.3 ANTIMONY FREE SOLAR GLASS

OBJECTIVE 
To successfully manufacture solar glass without Antimony.

METHODS 
Solar glass manufacturers manipulate the iron content so 
that most of the iron is converted to ferric. This is done by 
minimizing the redox ratio of ferrous to ferric by addition 
of certain minor elements such as cerium, antimony and 

Ramaswami Velayudhanpillai,
Wholetime Director,
Borosil Glass Works Limited
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arsenic. 

A simple test base was conducted on solar glass containing 
antimony to see how much antimony leached out. A sample 
was crushed to a powder of 300 ~ 500 microns and diluted 
with 50 times its volume in distilled water. This was raised 
to a temperature of 121°C and kept in an autoclave at 1 bar 
for just two hours. 

The results were alarming! This test showed that leached 
antimony in the water measured 4.5 ppm, which is 750 times 
OVER the maximum limit set. 

We decided to conduct an experiment to ascertain the 
leaching of antimony from Solar glass in ordinary conditions. 

Two plastic containers were each filled with 14 kg of antimo-
ny glass cullet from two different manufacturers and 5 liters 
of demineralized water was added to each. Both containers 
were placed under the open sky to simulate landfill condi-
tions. Water level was maintained and samples were taken 
after shaking the container well for uniformity of sample. The 
sampled water from the containers were then analyzed for 
antimony once a week. These results were startling. They 
prove that antimony has begun to leach out in atmospheric 
conditions, within less than four weeks of inundation! 

We felt that it was very unfortunate that solar glass, a mi-
raculous answer to Earth’s energy needs, was doing irrepa-
rable damage to the very same planet. So we decided to 
change that. 

RESULTS 
The light transmission curve for the glass with antimony 
shows a lower transmission in the range from 380 ~ 500 
nm, where the solar irradiation is at its peak but continues 
to perform with high transmission in the region 500 ~ 1100 
nm. In the case of the glass without antimony, the transmis-
sion curve is higher in the UV side of the spectrum but drops 
after 500 nm as a result of greater absorption by its ferrous 
content. 

However, overall transmission is higher for the glass without 
antimony. 

Test certificates from a renowned institute in Switzerland 
prove antimony free solar glass to be the highest performer 
in the world today. In addition to making it toxin free, it led to 

the complete re-engineering of the glass composition. 

CONCLUSION 
Today, Borosil SolarBurst Glass is the only glass, which is 
completely free from the highly toxic elements. Since an an-
timony-free solar glass is now available, it is time for the reg-
ulatory bodies to ban solar glass with antimony altogether. 

3.2.4 THE PROPOSED LOW-COST HIGH 
EFFICIENT SOLAR CELL FROM NON-TOXIC 
AND EARTH ABUNDANT SEMICONDUCTORS

The solar cell modeled on the proposed method, the Fresno 
solar cell, combines several characteristics to fabricate im-
proved modules. They are as follows. (1) To be manufactured 
from semiconductors consisting non-toxic and abundant 
elements, such as Cu, Zn, Sn and S. (2) Electrodeposition 
fabrication method, which has low-cost features such as 
capable of scaling up, extremely low wastage levels and 
improved yield by utilizing ISFETs (ion specific field effect 
transistors). Currently, solar cells fabricated by electrode-
posited fabrication method have the lowest market value 
on $/W basis. The method has the capability to fabricate 
semiconductors with variable composition by varying the 
growth voltage. This variable material composition repre-
sents different bandgaps, absorbing variable segments of 
the solar spectrum. (3) Spectrum splitting ability by deploy-
ing the graded bandgap solar cell structure, which absorbs 
a wider section of the electromagnetic spectrum, a higher 
efficiency solar cell with multijunction capability can be de-
signed to bypass the Shockley–Queisser limit. (4) The pro-
posed model is recyclable, making it more sustainable. 

Through electrodeposited semiconductors fabricated from 
earth abundant and non-toxic elements, improved yield by 
deploying ISFET, and graded bandgap solar cell architec-
ture, a low-cost, high-efficiency solar cell is expected. Ex-
perimentation is continuing in June to validate the analytical 
model. The initial effort by the researchers is encouraging. 

Dr. Ajith R. Weerasinghe, 
Assistant Professor, Dept. of Mechanical  
Engineering, 
California State University, Fresno
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3.2.1  

3.3.1   PRODUCTIVITY IMPROVEMENT RE-
SEARCH OF LARGE DIAMETER INGOT IN 
CZOCHRALSKI PROCESS.

Nowadays, single crystal silicon solar cells are important for 
the photovoltaic market. As the competition of companies 
in the solar market is increasing, research to make optimal 
design of the ingot for the growth furnace and to reduce 
energy are becoming more and more important. Simulations 
are needed to find the optimal process conditions for large 
scale ingots. Because ingot growth occurs at temperatures 
higher than 1600°C, it can’t be observed. Therefore simula-
tion tests of processes are positively necessary for econom-
ics, they enable time save before progressing the experi-
ment. 

The study used simulations to improve silicon injection at 
optimal conditions to reduce defects and increase ingot pro-
ductivity. Furthermore the design and growth furnace were 
changed. Afterwards the energy input was compared with 
the existing growth path. 

To conclude, this study of optimal process parameters has 
been conducted to improve productivity and reduce energy 
consumption. These optimal process parameters will help 
companies compete. 

3.3.2 OPEN CIRCUIT VOLTAGE CALCULA-
TION USING TEMPERATURE AND IRRADI-
ANCE

3.3  SILICON PHOTOVOLTAICS 

NaYeong Cho,
Graduate Student,
Yeungnam University
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Ulteig Engineering

The common method for calculating system voltage relies 
on the modules voltage temperature factor. This factor is 
applied for the coldest temperature to the Voc, as calculated 
at standard test conditions (STC) of 1000 W/m2. However, 
many of these coldest conditions occur at very low light 
levels. While voltage is largely temperature dependent, 
it is not solely temperature dependent and irradiance has 
an impact particularly in low light conditions. This finding 
is substantiated by both manufacturers and field measure-
ments from operational systems. By using publicly avail-
able, multiyear satellite derived data sets, designers are able 
to show realistic Voc’s far lower than the traditional method 
allowing in some cases several extra modules per string 
without the risk of exceeding IEC/NEC voltage limitations. 
Longer strings equate to considerable savings in a project 
be it through reduced home run quantities, more modules 
per tracker/racking, reduced DC line losses and keeping 
voltage higher and in the inverter’s power point window for 
later in the projects life. 

3.3.3 ENERGY RATING OF COMMERCIAL 
C-SI PV-MODULES AND PROJECTION ON 
THE ANNUAL ENERGY YIELD

OBJECTIVE
The STC rating has significant economic impact on the pho-
tovoltaic (PV) industry, because it determines the price of 
each module. In reality PV modules operate and yield energy 
over a much broader range of irradiance and temperature 
under realistic weather conditions. 

This has led to misconceptions where PV modules were 
priced on the basis of their power rating under STC, and 
not their ability to produce units of electricity outdoors. In 
response the IEC TC 82 proposed the IEC 61853-1,-2 series 
of standards, which describe requirements for a holistic 
characterization of PV module performance under various 
operating conditions. This paper shows that PV module 
characterization under IEC 61853 can lead to differences 
as large as 3% in terms of PV module’s specific yield are 
expected between mainstream silicon-based PV modules. 

Christos Monokroussos, 
Technical Expert,
TÜV Rheinland (Shanghai), Co., Ltd
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METHODS
This work compares 25 module types (2 c-Si PERC, 14 c-Si 
and 9 mc-Si types; 4 modules per type) sampled from 13 
PV module manufacturers located in Asia-Pacific region 
between September 2016 and February 2017. The test 
items that will be reported in this work are: i) light-induced 
degradation (LID), ii) irradiance-temperature-efficiency (GTE) 
matrix, iii) spectral response, iv) angular response and v) 
temperature coefficients. 

RESULTS 
Preliminary results of the tested PV modules will be reported 
here anonymously to ensure the confidentiality of all parties 
involved. The LID relative efficiency in most cases stayed 
within 3% of the initial values. Monocrystalline samples 
showed a mean LID of 0.7% comparing to polycrystal-
line which showed on average a 1.1% relative efficiency 
decrease after 15kWh/m2 of light-soaking. The coefficient 
of variation (CoV) was significant and exceeded for both 
technology types the bounds of relative measurement un-
certainty. The relative efficiency in the range of 600 -1100 
W·m–2 shows no significant variation. Significant differences 
were observed in lower irradiances of 100 - 200 W·m–2 with 
c-Si PERC and c-Si samples showing higher mean relative 
efficiencies than mc-Si. The mean temperature coefficients 
for c-Si and mc-Si were approximately δ=-0.40%·K-1 with 
results overlapping with the uncertainty in measurement. 
The angular response of the samples is predominantly de-
pendent on the front glass type rather than the solar cell 
technology; most deviations were observed at oblique 
angles above 50°. 

CONCLUSION 
Lastly, a projection of these results to annual specific energy 
yield was performed using PVsyst software for five test sites 
that represent different climates. The methodology em-
ployed in this work is based on a relative comparison of spe-
cific yield between different module types. Generally, relative 
differences between module types do not differ consider-
ably per site, although higher relative differences in terms 
of specific energy yield between modules may reach up to 
±3% of the average value. A more detailed analysis of the 
results will be presented in the conference. 

3.3.4 DIRECT WAFER® MANUFACTURING 
ALLOWS FOR WAFER ENHANCEMENTS 
DURING GROWTH, ENABLING EFFICIENCY 
GAINS

Silicon wafers made directly from the melt are recognized 
as a potentially transformative technology for photovoltaics, 
having the potential to dramatically increase the efficiency of 
silicon utilization and eliminate costly sawing. This presenta-
tion discusses the wafer cost and performance advantages 
possible when operating at the melt level. 

OBJECTIVE
Silicon wafers made directly from the melt are recognized 
as a potentially transformative technology for photovoltaics, 
having the potential to dramatically increase the efficiency of 
silicon utilization and eliminate costly sawing. The ability to 
operate at the melt level also presents opportunities to alter 
the make-up of the wafer before it is formed. This allows for 
the introduction of efficiency enhancing techniques and new 
wafer features impossible through conventional manufactur-
ing. It also avoids many of the factors responsible for limiting 
wafer performance, such as ingot purity and crystal dislo-
cations. These advancements promise to deliver immediate 
and significant cost and performance benefits and can be 
optimized for a given cell architecture, such as passivated 
emitter rear contact (PERC) solar cells. 

METHODS 
To demonstrate feasible methods by which wafers grown 
directly from the melt can achieve the above, the authors 
ran numerous trials with cell and module manufacturers and 
conducted preliminary modeling using 2D Sentaurus. 

RESULTS 
Purity 
It is well established that the interaction between the cru-
cible and the silicon during ingot growth leads to degrada-
tion of electrical properties along the ingot border. This layer 
is referred to as the “red zone” and is too poor quality to 
be processed into wafers. Ingots are held near their melting 
point for more than one day allowing significant in-diffusion 
from the dirtier materials. The Direct Wafer growth process 

Frank van Mierlo, 
CEO, 
1366 Technologies
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limits in-diffusion to just a few seconds and stable efficiency 
over growth periods greater than four weeks, eliminating im-
purity build-ups that reduce wafer performance. 

ICPMS measurements show significantly fewer contami-
nants in wafers grown directly from the melt. 

Uniformity 
The presence of dislocation clusters in multicrystalline 
ingots are detrimental to electrical transport. The lack of dis-
location clusters in wafers grown directly from the melt lead 
to a more uniform product with similar grain size from wafer 
to wafer. Electroluminescence images demonstrate the lack 
of structural defects. 

Doping Gradient 
In a recent PERC production run, a batch average efficiency 
of 20.1% was achieved on Direct Wafer products with a 
built-in doping gradient, using the standard PERC process 
and conventional equipment/consumables. A champion ef-
ficiency of 20.3% was certified by Fraunhofer ISE. For the 
same cell structure, Sentaurus simulations predict an ad-
ditional ≥0.2% efficiency gain through optimization of the 
average resistivity and doping gradient. 

CONCLUSION 
 » The ability to quickly grow wafers in a high purity en-

vironment eliminates the potential for in-diffusion and 
contamination from dirtier materials 

 » The Direct Wafer process avoids dislocation clusters 
and creates a more uniform wafer with better passiv-
ation, boosting efficiency 

 » The ability to add a doping gradient to the wafer results 
in at least 0.3% absolute increase in efficiency and a 
lower average bulk resistivity

3.3.5 CHEMICAL RECYCLING OF PV 
PANELS

OBJECTIVE 
Photovoltaics technology is undergoing a transition in which 
the researchers are able to produce low-cost and highly ef-

Nikesh Pradhan,
Graduate Student,
California State University, Fresno

fective solar panels. By the year 2015, silicon photovoltaic 
(Si PV) solar panels accounted for 93% of the total produc-
tion. A current Si PV solar module has a life expectancy of 
30 years. Simply disposing of these end of life panels is be-
coming an environmentally hazardous process. On the other 
hand, silicon, which is the main material in a PV solar panel, 
is expensive owing to its limited supply. Researchers have 
found out that silicon can be recovered from the spent cells 
and the damaged PV module can be remanufactured using 
proper recycling methods. 

METHODS 
There are two types of methods used for recycling a solar 
panel. One is by chemical recycling and the other is by 
thermal recycling. The project presents about the chemical 
recycling of end of life PV solar panels and various process-
es involved in it. The recycling of PV panels includes two 
important steps: PV solar cell separation by thermal delami-
nation process and then cleansing the surface of the cell by 
a chemical etching process. The cell is then recycled using a 
series of recycling steps conducted on the silicon extracted 
by the chemical etching process. 

RESULTS 
It was found that it is practically possible to recycle decom-
missioned solar panels. The energy required to recycle solar 
panels is much lesser as compared to the energy required to 
produce a new panel. 

CONCLUSION
This project gives an overview of the various processes and 
mechanisms involved in recycling a PV solar panel. In this 
project, we have discussed the chemical method of recy-
cling. We found out that it is feasible to recycle these panels 
with the use of proper methodology. 

Each year around 400,000 tons of solar panels are produced 
and this number increases by 30% each year. With the in-
creasing amount of production of solar panels every year, 
recycling of these panels is going to play an important role 
in shaping the PV industry. The Solar Energy International 
Association (SEIA) has introduced new codes to recycle the 
solar panels. The main aim of this project is to reduce the 
cost of recycling these panels and to increase its efficiency. 

3.3  SILICON PHOTOVOLTAICS  
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3.3.6 INDUSTRIAL HIGH EFFICIENCY 
BLACK-SILICON POLYCRYSTALLINE MET-
AL-WRAP-THROUGH (MWT) CELLS AND 
MODULES

In this work, we are aiming at the goal of producing low-
cost high efficiency metal-wrap-through (MWT) polycrys-
talline solar cells and modules. In order to reach our goal, 
290W full-size (60 cells) MWT modules are fabricated using 
industrial 6-inch polycrystalline wafer with low cost of ma-
terial and manufacturing. Meanwhile, black silicon tech-
nique is also applied to improve solar cell efficiency and 
to adopt inexpensive diamond-wire-saw-slicing polysilicon 
wafer. Subsequently extended environmental testing (such 
as DH3000, TC600, HF30, PID600 according to IEC stan-
dard) and outdoor electricity-yield testing are carried out to 
evaluate reliability and generating-capacity performance of 
MWT module. The indoor experimental result shows that 
MWT module has very low degradation ratio, good stability 
and reliability; the on-site testing indicate that MWT module 
produce more 3% output power compared with standard 
solar module. Consequently we conclude that our MWT 
module is now cost-effective, high efficiency, high reliability 
and to achieve mass production successfully. 

3.4.1 KEY ELEMENTS OF SUCCESSFUL 
PV / UAS RADIOMETRY BEST PRACTICES & 
RESULTS

There is a growing trend in the photovoltaic (PV) industry to 
utilize hand held, mobile and aerial sensor infrared imaging 

Qi Wang, 
Technology Development Manager, 
Phono Solar Technology Co.,Ltd.

3.4  MANUFACTURING AND PV 
SYSTEMS

John Balfour,
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High Performance PV

camera platforms to collect data. However, this is not gen-
erally cost and labor effective, nor is it a data efficient or 
complete approach. 

OBJECTIVE
The objective of thermography and radiometry when prop-
erly applied in the PV industry is much more than taking lots 
of visual and infrared (IR) pictures to look for module hot 
spots! 

The value based goals and objectives: 
To collect highly granular, detailed, accurate and compre-
hensive radiometric data, secure it, then analyze and iden-
tify as many of the 86 PV module defects, and balance of 
system (BOS) defects as possible using multiple bands of 
visual, IR and other electromagnetic wavelengths. Then, 
assess the most cost effective actions and timing needed to 
take place, document and curate all of the data and follow 
through with the appropriate operations and maintenance 
activities. 

METHODS 
 » Automating the capture of highly granular data 
 » Accurately benchmarking the system 
 » Automating deep machine learning and pattern recogni-

tion analysis 
 » Providing cost effective Root Cause analysis 
 » Replacing labor with off the shelf automation 

 
This includes safety, performance and warranty issues, 
which once properly identified, pay for the data collection, 
analysis and corrective action. This creates an accurate 
detailed punch list for EPCs and owners. When repeated, 
it protects the asset owner for warranty coverage prior to 
the end of the fifth-year of operation. This is an essential 
component of an effective Quality Assurance Commission-
ing (QAC) process, as a subset of a high-quality systems 
process engineering approach. Doing so addresses numer-
ous visually and electrically obscured and masked issues, 
thereby improving plant health, performance and revenue. 

RESULTS 
To be successful, an effectively detailed unmanned aerial 
system (UAS) strategic and tactical project plan is required 
and followed. 

That plan includes the application of a number of different 
sciences, engineering skills and techniques complete with 

3.4  MANUFACTURING AND PV SYSTEMS 
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the experience necessary to deliver “consistently accurate” 
data. With effective and skilled application, the owner, asset 
manager and operator receive a value added awareness of 
the plant’s health and condition through an accurate root 
cause analysis process. 

CONCLUSION 
This document highlights how the PV industry has the ability 
to do laboratory grade measurements in the field, using 
existing technologies from other industries. This provides 
substantially greater accuracy of defect identification, root 
cause analysis and other information in addition to what is 
being collected from PV plants today. This next logical step 
in PV metrics is essential to reduce rising costs, while reduc-
ing controllable errors and oversights as accidentally intro-
duced or designed into systems today, by applying effective 
data and labor automation. Doing so delivers greater system 
reliability, availability, maintainability, testability and safety 
on the road to realizing truly effective industry maturity. 

3.4.2 GROUND-MOUNTED SOLAR ENERGY 
SYSTEMS: THE WIND ENGINEERING EDGE

Solar energy has seen unprecedented growth across North 
America and around the world. As generation capacity from 
solar power plants is becoming a more critical part of the 
worldwide energy infrastructure, solar power plant reliability 
becomes increasingly important to protect investment and 
minimize risk. These large scale solar power plants consist 
of ground-mounted solar systems of both the fixed-tilt and 
tracking variety. Using a fixed-tilt system, this paper pres-
ents a case study to demonstrate the benefits of advanced 
wind engineering approaches compared to code-based 
procedures. These same approaches have been the main-
stay of advanced building and bridge design for decades. 
The benefits in the case study are depicted in the following 
progressive steps. 

1) System-specific wind load coefficients are typically ob-
tained through boundary-layer wind tunnel testing of rigid 
scale models. This type of research simulates the mean 
speed profile and turbulence of the natural wind approach-

Matthew T.L. Browne, M.Eng., P.Eng., M.ASCE,
Project Manager, Technical Director, Associate,
RWDI

ing the modeled array by having a long working section with 
a roughened floor and specially designed turbulence gen-
erators, or spires, at the upwind end. 

2) An extreme wind climate assessment is conducted to 
obtain site-specific design and directional wind speeds. This 
type of assessment uses historical wind speed and direc-
tion data obtained from meteorological stations to create a 
local wind climate model. Based on the historical (and hur-
ricane, if applicable) wind data, a local wind climate model 
is created which describes the strength and directionality 
of wind speeds for any return period of interest. Therefore, 
directional wind speeds or code-like directionality factors 
(Kd) can be determined for both strength and serviceability 
design considerations. 

3) To predict design wind loads on the array, the system-
specific wind tunnel coefficients are integrated with the 
site-specific wind climate model. There are two methods 
typically used to perform this integration. In one method, the 
historical (or simulated in the case of hurricanes) wind record 
is used to determine the full-scale wind loads for each hour, 
given the recorded wind speed and direction and the wind 
tunnel predictions for that direction. By stepping through 
the data on an hour-by-hour basis, a time history of the re-
sulting peak load is generated. Then, using extreme value 
fitting techniques, statistically valid peak responses are de-
termined. The second method is the Upcrossing Method, 
which can be thought of as an analytical representation of 
the first method, in which a fitted mathematical model of the 
wind statistics is used in place of the wind records them-
selves. The Upcrossing Method is used in the case study 
presented in this paper. 

3.4.3 STUDY OF THIN WAFER PEELING 
PROCESS ABOUT VARIOUS SURFACE 
STRESS

Recently both domestic and abroad solar cell industry has 
improved thin films to reach high efficiency and high quality 
at a low price. Also, silicon peeling-off method needs to de- 
velop various technologies such as lift-off material property 

Kangho Chae,
Graduate Student, 
Yeungnam University 
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difference control and adhesion between metal and silicon 
for kerf-less thin films. In this study, the thickness and sub-
strate roughness of the thin film directly depends on stress 
control of metal interlayer. Stress depends on thickness and 
conditions of plating other things. For thickness control, the 
stress is investigated with several physical property condi-
tions by ANSYS simulation software. As a result, the physi-
cal property of the nickel-titanium plated material changed 
the stress by plating thickness and electricity density. 

3.4.4 THE RISING TIDE OF FLOATING 
SOLAR

After quick development in recent years, large-scale solar 
plants now face a difficult challenge: how to dedicate vast 
agricultural, natural or urbanizable land to the production of 
energy? At first, standard farmland was used. Then, poorer 
and less productive land, then, brownfield industrial areas 
were sought-out. These are in fact quite few, especially 
those suited for developing solar power. Finally, photovoltaic 
(PV) plants were built in deserts. Indeed, there is no lack of 
space. What is lacking, however, is a grid. New high-voltage 
lines are very costly and take time to plan and build, with 
many environmental obstacles to overcome. Therefore, in 
some countries such as China, we see large PV plants rapidly 
being built in deserts and far-off regions, which are either not 
connected or very poorly connected to the network. 

Power plants built on water do not compete with agriculture, 
the conservation of natural or wooded areas, or any other 
use of valuable spaces. At CIEL & TERRE, our floating plants 
are built exclusively on artificial water bodies. We prefer not 
to study projects on natural interior water bodies, unless their 
existence is directly threatened by evaporation or pollution, 
both of which floating PV can help to reduce. Nonetheless, 
countless man-made water bodies are available, particularly 
in Asia – from Japan to India. Many of these, used for irri-
gation, have existed for centuries. Modern reservoirs, such 
as industrial lakes, hydro dams, or water treatment ponds 
also show tremendous potential across Asia, the Americas, 
Europe, Africa, and the Middle East. 

Lorena Cseszlyar,
Sales & Office Manager,
Ciel & Terre USA Inc.

As a general rule, accessing the grid from such reservoirs 
is simple, their owners being either electricity users or pro-
ducers (hydroelectric dams). Reservoirs upgraded with our 
PV plants keep their initial function, and often even see it 
favored by the presence of these installations. Through 
careful site selection, floating PV can even enable aquacul-
ture, fishing, or some leisurely activities.

3.4.5 A GATE-STOP APPROACH TO SOLAR 
FOUNDATION DESIGN

Reduce risk and construction capital by focusing on project 
site compatibility as it relates to the minimum required em-
bedment depth for your tracker foundations. Follow a gate-
stop, stepwise process to assist in the prudent allocation of 
development capital while minimizing capital at risk.

Significant investment dollars were being wasted on poor 
site selection for the development of commercial and utility-
scale photovoltaic (PV) solar power plants. To maintain a 
competitive advantage, it was essential to develop a proto-
col which would optimize the prudent allocation of develop-
ment capital while minimizing capital at risk. In collabora-
tion with one of the largest owner/operators of solar power 
plants in North America we dissected the design and con-
struction process to focus on areas of significant risk and 
significant savings. One area identified as prime for con-
siderable savings and risk reduction was in the foundations 
associated with ground-mounted systems. Methods were 
explored to evaluate critical paths along the development, 
design and construction value chain. 

As it related to the foundations systems, each process was 
evaluated for improvement pertinent to two criteria; first, 
to reduce risk, and second, to save money. Ultimately, a 
process was developed to enhance the site compatibility 
evaluation with efficient and innovative desktop evaluation 
techniques. This technique relied upon information available 
within the public domain but also on historic data that could 
be used to establish confidence intervals for the information 
obtained from the public data sources. The historic data, 

Blair T. Loftis, 
Principal, VP, National Director of Power  
Generation & Transmission,
Terracon Consultants, Inc. 
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from other properties located proximal to the project sites, 
was used to develop informed design parameter scenarios 
indicative of the minimum pile embedment depth. Without 
obtaining any empirical site data, foundation assumptions 
could be evaluated to confirm project viability based upon 
theoretical design assumptions. This allowed for more expe-
ditious execution and a reduced scope for project site geo-
technical characterization and move more quickly to empiri-
cal testing (e.g. pile load testing) for design optimization. 

The eloquence of the approach being that each phase was 
iterative; thus allowing for a decision tree process of off 
ramps so that project sites could be abandoned before ex-
tensive capital was expended. Once vetted and approved 
the process was put to test on twelve approximately 75 
MWdc projects in the Southeastern U.S. The process was 
confirmed to reduce risk, and candidate projects were 
abandoned quickly so that new sites could be pursued that 
met compatibility and risk tolerance criteria. Following the 
completion of these twelve projects the process became 
the standard for this owner/operator and has since been 
adopted by several others. In conclusion, it is important to 
initiate a methodical and disciplined approach to site com-
patibility and foundation optimization. Following these basic 
principles will help to maintain a competitive advantage 
within the commercial and utility-scale solar market.

3.4.6 SITE SELECTION IN CONSIDERATION 
OF FROST HEAVE – HOW TO BEAT JACK 
FROST

INTRODUCTION:
Frost heave (ice jacking) requires three factors present to 
occur. If any one of them is missing, frost heave cannot 
occur. Proper geotechnical exploration of soils within the 
frost zone removed one of three factors and thus saved the 
client nearly $8M in steel pile material and installation costs.  

Blair T. Loftis, Principal, VP, National Director 
of Power Generation & Transmission, Terracon 
Consultants, Inc. 
Scott D. Neely, P.E., G.E., Principal, Senior  
Geotechnical Engineer, Terracon Consultants, Inc.
Stephen Kerlin, Project Manager, Power  
Generation & Transmission Sector

A developer was advancing the largest photovoltaic (PV) 
project ever to be constructed in the region. The region was 
known for harsh winters and frost action. Preliminary evalu- 
ations recommended that the foundation system for the 
horizontal single-axis tracker would need to be installed to 
at least 16-feet below grade. This estimate was a signifi-
cant setback as it added nearly $8M to the projected capital 
requirement for project construction. It was necessary to 
get a second opinion from Terracon and engage in an ex-
ercise to better understand the predominant causes of frost 
heave (ice jacking). An approach was developed to focus 
the characterization of the on-site soils with regard to those 
elements most critical to frost heave. Through a methodi-
cal sampling plan of the soils within the frost zone, the site 
was re-characterized and found to be at low risk to frost 
heave. As a result of this additional geotechnical analyses 
the foundations were optimized and reduced in length by 
40%. The project was back in the money and was success-
fully constructed. Following this successful approach the 
methodology has been adopted to characterize project sites 
anticipated to be susceptible to frost heave so that feasibil-
ity can be established, risk can be reduced, design can be 
optimized, and money can be saved. 

3.4.7 OPTIMIZING CONSTRUCTION 
QUALITY WITH PILE DRIVING PERFOR-
MANCE MONITORING

Pile Driving Performance Monitoring (PDPM) is a unique 
system for conducting quality assurance testing of founda-
tion piles in near real-time with the purpose of increasing the 

Blair T. Loftis, Principal, VP, National Director 
of Power Generation & Transmission, Terracon 
Consultants, Inc. 
Randall A. Reid, Senior Project Manager, Power 
Generation & Transmission Sector,  
Terracon Consultants, Inc.
Scott D. Neely, P.E., G.E., Principal, Senior  
Geotechnical Engineer, Terracon Consultants, Inc.
Justin Reynolds, Senior Staff Engineer, Materials 
Services,  
Terracon Consultants, Inc.
Joe Waxse, Senior Engineering Consultant,  
Geotechnical Services,  
Terracon Consultants, Inc.
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design acceptance proof testing for nearly 100% of installed 
foundation piles compared to the industry standard of 0.5 
to 1.0% frequency. The benefit is increased confidence by 
owners, investors, and contractors that installed pile foun-
dations meet design acceptance criteria.

When ground-mounted foundation piles for fixed or track-
ing photovoltaic (PV) systems are installed a percentage of 
the foundations must be tested to ensure they meet design 
specifications and performance criteria. Typically, only 
a relatively small percentage are required to be tested by 
the third-party quality assurance/quality control firm (e.g., 
usually no more than 1%, and often less than 1%). If the 
initial load testing does not pass performance criteria, then 
design specifications will require that an increased percent-
age of piles be tested. This can significantly impact the 
construction schedule. Further, owners and investors lose 
confidence if too many foundations fail testing and require 
remediation. There always remains the concern that those 
foundations that were not tested may not meet acceptance 
criteria if they were tested, but testing 100% of the foun-
dation piles would be infeasible. The concern is not limited 
to the owners/investors. Contractors who offer a “full wrap” 
performance warranty may have concerns that the design 
was not adequate for variable site conditions and their repair 
and O&M obligation may exceed what they had budgeted. 

Terracon Consultants, Inc., embarked on developing an in-
novative approach to evaluating 100% of the installed piles 
for testing. To accomplish this task the process needed to 
be automated. Accuracy and data reproducibility needed to 
be a priority. Access to the data in near real-time needed 
to be dependable so that piles which failed testing criteria 
could be remediated immediately. PDPM was developed to 
measure the pile driving resistance characteristics to esti-
mate the axial and lateral capacity of the driven pile. Re-
search and development was devoted to producing a pro-
totype instrument that attached to the mast of common pile 
driving machines. With sonic hammer position measure-
ment, hammer activation sensing and GPS location capabil-
ity, the drive energy expended for installing each pile was 
measured and correlated with axial and lateral pile capaci-
ties.

Through correlation of drive energy with proof test results, 
acceptance criteria is developed for each site to set thresh-
olds for proof testing “pass” and “fail” criteria. With pile 
displacement versus time measurements and our commu-

nications and GIS capabilities; the drive energy expended 
for installing each pile is measured, remotely retrieved, 
parsed and plotted in several ways to estimate pile-soil per-
formance and compare them to the site-specific threshold 
values. Data from the construction site is remotely uploaded 
daily so testing reports can be produced, including heat 
maps detailing spatially individual and areal trends in pile 
performance. These reports allow the contractor to perform 
traditional load testing of flagged piles that do not meet ac-
ceptance criteria, and those which fail proof testing can be 
remediated immediately. Ultimately, a driving performance 
record is established for virtually every foundation and each 
foundation that does not meet the threshold values is tested 
and remediated, if necessary, before project completion. 
Since development of the prototype, over 25 of these instru-
ments have been manufactured and installed on pile drivers, 
which have constructed some of the largest utility-scale 
PV projects in the U.S. In summary, PDPM assessment of 
virtually every installed pile provides owner/investors with 
greater confidence and contractors with less risk. 

3.4.8 REPAIR OF PV MODULES WITH DE-
FECTIVE CELLS USING MODULE REPAIR 
TECHNOLOGY (MRT)

In c-Si modules, one of the major causes of power degrada-
tion is the failure of an individual cell. In 2015, the annual 
production of photovoltaic (PV) modules was 50.6 GW. Ap-
proximately 1% of the modules were factory rejects, with 
majority of them having defective cells. This corresponds 
to 2 million modules (90% of which are c-Si modules). A 
typical c-Si module loses around 33% of its power because 
of one defective cell. In this study, we present the Module 
Repair Technology (MRT), an invention to electrically remove 
the cell from the module without physically disturbing it and 
restore the module’s power to 98% of its original power. 
For example, considering the power of a cell to be 4 W, the 

Srinath Nalluri, B. Eng (Mechanical Engineering), 
Research Assistant, Solar Energy Research  
Institute of Singapore
Dr. Yong Sheng Khoo, Head, PV Modules  
Development Group, SERIS
Chai Jing, Research Engineer, SERIS
Dr. Wang Yan, Cluster Director, PV Modules, 
SERIS
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power of a 60-cell module (240 W) would drop to 160 W due 
to one defective cell. Through MRT, the power of the module 
would increase to 236 W.

In a standard 60-cell c-Si module, the solar cells are electri-
cally connected in series. These sixty solar cells are usually 
divided into three sets (or “strings”) of twenty cells, each 
string being electrically connected in parallel with a bypass 
diode. The purpose of the bypass diode is to divert some 
electrical current around the string of cells it is in parallel 
with (i.e. to bypass the string) if for some reason that string 
of cells is unable to carry the full current being generated by 
the other cells in the module. Reasons why the string may 
not be able to carry the full current being generated by the 
other cells in the module include full or partial shading of 
one or more solar cells in the string, or one or more defective 
solar cells (like degraded cell, shunted cell or cracked cell) 
within the string. Full or partial shading of solar cells is usually 
a temporary phenomenon, and the bypass diode works as 
it is intended to for the duration of the shading. However, 
in the case of a defective solar cell (more than 40% loss in 
active area), the configuration of the bypass diodes leads to 
the situation where the other nineteen solar cells in the same 
string as the defective cell will never be able to provide their 
full power to the output of the PV module. The diode gets 
activated, permanently bypassing the whole string from the 
module. The module electrically becomes a 40-cell module 
and its power reduces by 33%. 

With Module Repair Technology, the defective cell would be 
electrically removed from the module without physically dis-
turbing it and the module’s power would be restored to 98% 
of its original power. 

The Module Repair Technology involves two major steps 
– interconnection process and sealing process. Firstly, the 
defective cells are located through electroluminescence 
imaging. During the interconnection process, the module is 
counterbored from the backsheet to the front busbars of the 
defective cell. The solder paste is filled into the hole and the 
front ribbons are soldered to the back ribbons. This creates 
a short circuit across the defective cell and it is bypassed 
from the module’s electric circuit. The next step is the sealing 
process. Post interconnection, plastic casings are fit around 
the holes using silicone and they are filled with the potting 
compound to seal the repaired site. This prevents moisture 
ingress and insulates the module’s electrical circuit.

The technology has been successfully tested on the factory 
reject modules. The power of a defective module was 163 
W. After repair, the power increased to 246 W (~98% of the 
original power). Furthermore, the repaired modules have 
been validated through various reliability tests – Thermal 
Cycling (TC200) to check the durability of the interconnec-
tion process, Damp heat (DH1000) test to check the dura-
bility of the sealing method and wet leakage current test at 
every step to check the insulation of the sealing method.  
The repaired modules successfully passed all the tests. 

This patented technology is going to bring a massive 
changeover, as currently modules with overlapping cells, 
shunted cells and defective cells are rejected at the factory 
or recycled at the early stage. Based on the market research, 
approximately 1% of the modules made are rejected in the 
factories due to various kinds of defects. With MRT, they can 
be repaired using this cost-efficient method and put into use 
for special research projects and resold as B-Class/C-Class 
panels. 

3.4.9 DESIGN OF A SUPERCRITICAL 
CARBON DIOXIDE BRAYTON CYCLE FOR 
SOLAR DISH CONCENTRATOR CLEAN 
ENERGY PRODUCTION

Innovative technology in clean solar energy with trivial water 
consumption is imperative to a successful solar energy ob-
jective. Initial testing of the UNLV experimental concentrated 
solar power system, designed with a supercritical carbon 
dioxide Brayton cycle, shows the potential for higher tem-
perature differences, leading to higher efficiencies than tra-
ditional cycles. This experimental system incorporates dry 
cooling, two internationally collaborative printed circuit heat 
exchangers, and nearly no need for cleaning, all moving 
solar technology toward meeting ambitious, water con-
scious, renewable energy goals.

Danielle Nobles-Lookingbill,  
PhD Candidate of Mechanical Engineering, 
NSF EPSCoR Solar Nexus in Nevada, Graduate 
Researcher, Nuclear Regulatory Commission, 
Nuclear Engineering Fellow, UNLV STEM Fellow,  
University of Nevada, Las Vegas
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OBJECTIVE
As we move toward energy independence and more ambi-
tious clean energy goals, solar energy research must push 
the efficiency limits of traditional energy generation systems. 
Increases in efficiency can be achieved by increasing the 
hot temperature of the power cycle. Recent research dem-
onstrates the potential for increased efficiency and a vastly 
smaller component size when supercritical carbon dioxide 
Brayton power cycles are used. To achieve the high working 
fluid temperatures needed for efficiency gains, concen-
trated solar and nuclear heat have been theoretically evalu- 
ated. This experimental research system, funded by the Na-
tional Science Foundation EPSCoR Solar Nexus in Nevada 
project, is designed to exploit the uniquely immense solar 
irradiance of the desert, coupling a solar dish concentrator 
with a supercritical carbon dioxide Brayton cycle to com-
pound the capacity for increased efficiency with trivial water 
consumption and decreased environmental and geographi-
cal footprints. 

METHODS 
Photographic flux mapping [1] was used to provide solar flux 
information leading to the custom design and on-site fab-
rication of the solar receiver. A custom air-cooled heat ex-
changer, with expansion capabilities for additional cooling, 
was designed and fabricated for heat rejection. To further 
increase efficiency, an internationally collaborative custom 
minichannel heat exchanger was added as a system re-
cuperator, and will be tested in both straight channel and 
zigzag channel geometries. The turbine and compressor 
unit exhibits a modular design to allow ease of desired ex-
perimental modifications. All components are mounted on a 
dish concentrating solar tracking system for on-sun experi- 
mental testing. 

RESULTS
On-sun experimental tests of the solar receiver and heat 
rejection systems have indicated system capability to both 
reach high temperatures and reject the heat required to 
achieve accelerated efficiencies. Fabrication issues sur-
rounding the machining of small turbomachinery have been 
resolved and solutions are described. A computational 
model of the receiver and rejection system, as well as the 
entire generation cycle has been created in Engineering 
Equation Solver (EES). 

CONCLUSION
This concentrated solar research system is a demonstration 
of the innovative component and system design needed 
to reach the next level in clean solar energy using trivial 
water consumption. The experimental and computational 
components support previous theories for the role of con-
centrated solar in clean power generation systems with in-
creased efficiencies. Significant decreases in component 
size compared to other power generation cycles provide the 
opportunity for decreased start-up capital commitments, particu- 
larly as supercritical carbon dioxide Brayton cycles move 
toward commercialization. 

[1] S. S. K. Clifford K. Ho, “A Photographic Flux Mapping 
Method for concentrating Solar Collectors and Receivers,” 
Journal of Solar Energy Engineering, vol. 134, November 
2012. 

3.4.10 ENSURING 25-YEAR SERVICE LIFE 
– PHYSICS OF FAILURE (POF)-BASED RELI-
ABILITY ASSESSMENT OF MICROINVERT-
ERS

OBJECTIVE
Microinverters are module-level power electronic (MLPE) 
systems that are expected to have a service life over 25 
years. The general practice for providing assurance in long-
term reliability under various climatic conditions is to subject 
the microinverters to suite of accelerated stress tests with 
two to three times the time duration recommended in IEC 
61215 or 62093 standards. Does simply doubling or tri-
pling the test duration specified in IEC61215/62093 stan-
dards sufficient meet 25 years? A microinverter that has 
failed this increased test duration tests may perform reli-
ably in the field. This could lead to the initial rejection of a 
reliable product. Likewise, a microinverter that passed the 
stress test with increased time duration may fail premature-
ly in the field, leading to the acceptance of a non-reliable 
or defective product. Bottom-line, a mere pass result from 
a stress test with extended time duration (with respect to 
IEC61215/62093) does not guarantee that the reliability re-
quirements will be met under intended use conditions unless 

Arvind Sarathi Vasan, 
Reliability and Quality Engineer,
Empower Micro Systems
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a relationship is established between conditions in the test 
and field. The objective of this presentation is to provide an 
answer to the above question by employing a scientific ap-
proach to correlate test to field-use conditions. 

METHODS 
To address the above-mentioned concerns with current ap-
proach for defining accelerated stress test requirements, a 
physics-of-failure (PoF)-based approach was employed in 
this study to correlate test to field-use under various climatic 
conditions. PoF is an approach to reliability assessment that 
employs a failure modes, mechanisms, and effects analysis 
(FMMEA) methodology and exploits a product’s life-cycle 
conditions, design geometries and material properties to 
identify stress distribution, postulate probable failure site, 
and prioritize failure mechanisms according to their severity 
and likelihood of occurrence. 

Once the dominant failure mechanisms are prioritized, ac-
celerated test conditions and duration are chosen by apply-
ing appropriate failure models that captures the underlying 
physical process driving the failure mechanism to provide 
an estimate of the time at which equivalent damage is ac-
cumulated under various environmental conditions. In this 
way, reliability test duration is chosen by correlating with the 
equivalent damage accumulated over a 25-year service life, 
instead of choosing randomly as in “2X or 3X” IEC61215. 

RESULTS 
A number of failure modes such as solder joint, photovoltaic 
(PV) connector-cable assembly, moisture-induced printed 
circuit board (PCB) failures and more will not be captured in 
accelerated stress testing if test duration is not correlated to 
the end field-use conditions. 

CONCLUSION 
The scope of IEC 61215 or 62093 identifies them as a design 
qualification and type approval standard. Despite this, the in-
dustry does use them as a base for designing their reliability 
test protocol. Standards-based qualification in the absence 
of the understanding of the correlation between the end use 
and test conditions can lead to ineffective qualification. 

3.4  MANUFACTURING AND PV SYSTEMS 

3.4.11 UTILITY-SCALE SOLAR – EMPIRICAL 
ANALYSES OF PROJECT COST, PERFOR-
MANCE AND PRICING TRENDS IN THE U.S.

2016 was a record year of utility-scale solar installations and 
we have gathered technical design specifications, capital 
costs, operations costs, performance data and power pur-
chase agreement (PPA) prices for 146 photovoltaic (PV) proj-
ects larger than 5MWAC that came online last year (bringing 
us to a total of 428 projects or 16,430MWAC – the most 
comprehensive database of U.S. PV systems). Our analy-
sis shows continued Capex decline to $1.7/Wdc or 2.2/
Wac, slightly increasing operations & maintenance (O&M) 
costs, average capacity factors of 27% among newly built 
installations, and PPA prices dropping to $30/MWh. At the 
same time solar wholesale energy value continues to erode 
in high penetration markets like CAISO to only $16/MWh, 
while lower penetration markets such as SPP can still offer 
average prices above $30/MWh. 

The objective of our annual investigation of industry develop-
ments in the utility-scale solar sector is to provide consistent 
high-quality data and analysis to keep the audience abreast 
of market trends at times of enormous industry growth. 

We do original primary data collection from the Energy In-
formation Administration, the Federal Energy Regulatory 
Commission, incentive programs and regulatory proceed-
ings on the state and federal level, interviews with devel-
opers, EPCs, and project owners, International Organiza-
tion for Standardization (ISO) electricity market data and 
35 interconnection queues around the county. As a result, 
we have the most comprehensive database on utility-scale 
solar projects larger than 5MWAc in the United States with 
442 projects that achieved a commercial operations date at 
the end of 2016, including technical design specifications, 
capital costs, O&M costs, project performance, and PPAs. 
The size of the database allows for a representative sample, 
robust summary statistics and ensures confidentiality of in-
dividual project data to the extent that it is non-public. 

Tracking c-Si installations have extended their lead in 2016 
annual installations as most ubiquitous technology choice 

Dr. Joachim Seel,
Scientific Engineering Associate,
Lawrence Berkeley National Laboratory
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and about 70% of all new installations now feature single-
axis tracking capabilities. The median utilized solar resource 
has continued to fall to 5.15 kWh/m2/day, following the 
market expansion to and increasing solar economic viabil-
ity in less sunny regions – tracking installations continue to 
be built primarily in higher-insolation regions, with fixed-tilt 
installations retracting increasingly to regions with less than 
5kWh/m2/day. After several years of growth in the oversizing 
of DC arrays relative to inverter capacity, the Inverter Load 
Ratio (IRL) has stabilized to 1.30 for fixed-tilt installations 
and 1.31 for tracking projects. Capital costs have declined 
to $1.7/Wdc or 2.2/Wac for the median 2016 projects, track-
ing projects command a $0.15/Wac premium over fixed-tilt 
projects. Thin-film projects had once again a competitive 
edge in upfront capital costs of $.05-.15/Wac over c-Si in-
stallations. Overall O&M costs increased slightly in 2016 to 
$18/kW-yr or 8$/MWh although this may be an artifact of 
a growing O&M sample in comparison to previous years. 
Average Net-Capacity Factors (AC) for new 2015 installa-
tions in the year 2016 were about 27%. Recently negotiated 
PPA data include several projects in the $40/MWh range with 
some going as low as $30/MWh, showing increased com-
petitiveness with natural gas generators, although growing 
solar penetrations continue to erode the value proposition 
in some markets such as CAISO (realized wholesale market 
energy revenue for solar declined in 2016 to $24/MWh and 
even just 16$/MWh in H1 2017). 

In conclusion, the unprecedented 2016 solar boom year has 
shown strong price declines in capital costs and PPA prices 
while new state markets have been opened to utility-scale 
solar. Continued competitive pressure exists however due 
to eroding wholesale prices in some organized markets and 
low wind PPAs.

3.4.12 THE DELIBERATE SIZE CHOICE FOR 
A PV MODULE

For decades thin film modules typically came in a variety 
of sizes, mostly determined by their bespoke manufactur-
ing technology, that never took into account the system and 
ecosystem of downstream application. This presentation will 

Nicholas Strevel, 
Director – Global Technical Sales,
First Solar, Inc.
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discuss the size, cost, and system related decisions which 
went into the development of the first “system optimized” 
size PV module. From new junction box architecture to a 
frame like no other module, First Solar’s Series 6 module is 
unique in many ways. A technical review into the aspects of 
cell count optimization for TCO layer resistivity, size optimi-
zation for installation efficiency, and novel frame designs. 
New approaches to large-area module production and other 
technology advances suggest thin film is gaining ground on 
its inherently superior cost and performance profiles. 

3.4.13 THE WEEE-RECAST IN THE EURO-
PEAN UNION: RECYCLING REQUIREMENTS 
FOR PRODUCERS AND DISTRIBUTORS OF 
SOLAR AND PHOTOVOLTAIC MODULES

Several years after the new EU WEEE (Waste Electrical 
and Electronic Equipment) Directive 2012/19/EU has been 
adopted in 2012, the implementation process has been fi-
nalized across Europe as the 28 EU Member States have 
transposed the amended and new legal requirements into 
their national laws. Due to the already existing diversity in 
the local set-up for management of WEEE and to the con-
siderable freedom of the Member States with regard to the 
implementation of new legal requirements, global acting 
companies producing or selling solar and PV modules 
across Europe are facing the challenge to keep track with 
changes, to integrate new legal requirements into their com-
pliance management system and to fulfill take-back obliga-
tions in their target markets. 

The presentation will provide a general overview of the 
WEEE-Directive outlining key aspects critical to the EU 
market access of US-based manufacturers and distributors 
of PV technology, this includes: 

 » Status of implementation of extended producer respon-
sibility legislation in the European Union; 

 » Producer definition: Who is the obligated party and 
therefore responsible to fulfil obligations arising from 
national WEEE regulations;

Johanna Terry,
Head of Legal,
1WEEE Services Corp. 
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 » The product scope: Are PV panels and accessories such 
as converters covered by the regulations; 

 » Producer’s and importers obligations: e.g. marking 
of products, registration requirement and recycling of 
end-of life products. 

The presentation will highlight differences in the legal re-
quirements for producers and distributors of PV modules in 
the different European countries. For example, it will outline 
whether PV modules are considered as B2C or B2B prod-
ucts and how collection and take-back of old devices can 
be organized.

The purpose of this presentation is to present the WEEE 
Directive from the perspective of producers and sellers of 
PV modules, to provide useful information regarding legal 
requirements and their practical implementation as well as 
give some advice on how to organize compliance with man-
datory legal requirements.

3.4.14 MANUFACTURING FOR PV AND 
BALANCE OF SYSTEM COMPONENTS – 
TECHNOLOGY IS THE WINNING SOLUTION

The aim will be to deliver to the audience the requirements 
and suggested methods to manufacture for the photovoltaic 
(PV) industry using highly advanced machinery, methods 
and processes; to create a case to stimulate thinking about 
how manufacturing for the PV and balance of systems 
markets has developed over the past ten years creating a 
vision for all attendees of how a technological manufactur-
ing plant and methods will benefit the industry as the con-
tinued drive of cost reductions and quality products grows 
in importance. 

I will demonstrate the theory of robotic, lineal and cell manu- 
facturing for the PV market by presenting a combination 
of visual aids, short videos, statistical studies and general 
observations from manufacturing facilities. The basic pre-
sentation in PowerPoint format will be concise and to the 
point comparing old school manufacturing technologies to 
modern forms using robotics, lineal and cell manufacturing. 

Mark Turley,
Owner, President,
Alexandria Aluminum – Projected Energy LLC 

I will develop cost models using old versus new manufactur-
ing technologies using generic examples. 

I believe the audience will quickly grasp the concepts presented 
along with stimulating a robust question and answer segment at 
the end of the presentation. Demonstrating modern advanced 
manufacturing techniques for the industry using short videos and 
visual aids will get the audience thinking about the products they 
use and source through conventional manufacturing channels. 

I believe the manufacturing sector has been ignored as the 
renewable market stormed ahead in the U.S. Many providers 
of PV modules and balance of system products have not 
fully examined and vetted their manufacturing channels. 
Volumes and complexities of required products have in-
creased within the PV market and the need to drive out costs 
continues to be a predominant factor. Using robotics, lineal 
processing equipment and cell manufacturing certainly will 
be a major development for adding capacity to the support 
structure for renewables. It is my conclusion that most of the 
audience in attendance will be exposed for the first time to 
the methods I describe above and the benefits to be drawn 
from using these methods. 

3.5.1 PERFORMANCE RATIO OF BIFACIAL 
SI PV MODULE APPROACHING TO IDENTITY 
UNDER BACKSIDE REFLECTION ENVIRON-
MENTS

A bifacial solar cell has a structure in which the rear elec-
trode is replaced with backside metal to use in bifacial pho-
tovoltaic (PV) module. Thus, it could capture multiple direc-
tions of light resources from both the front and back sides of 
the module which would be one of the best applications to 
roof-top and/or commercial power stations such as ground 
and floating PVs. 

3.5  INCREASING MODULE EFFICIENCY

Haelim Cha,
PhD Student,
Konkuk University
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In this paper, theoretical and experimental results are tested 
to estimate the amount of energy generated from the rear of 
bifacial photovoltaic module. After calculating the back side 
light amount, the estimated total power is then compared 
with real power output at the both sides of the module. The 
experiments have been performed using four different en-
vironments with different albedos. Theoretical prediction 
of the model shows maximum 5% and average 1.86% of 
errors from the measurement data, respectively. 

PR value of the crystalline Si PV module and triple junction 
a-Si thin film PV module were compared with the one of 
bifacial PV module under the same condition of concrete 
rooftop. From the results, it was confirmed that bifacial and 
a-Si thin film modules reveal 0.86 and 0.87 of PRs while 
crystalline Si module shows 0.78. On the other hand, mea-
surement standards for bifacial PV modules are not yet stan-
dardized globally, so the theoretical maximum output power 
is predicted based on the conventional cross-sectional 
photovoltaic module measurement standard. It shows then 
a very high initial performance ratio approaching to identity 
under the white painted roof top condition which is one of 
four conditions. It is important to notice that PR must be 
traced for possible long period by maintaining high perfor-
mance ratio to ensure reliable generation system. 

From the experiment, it is clear that the backside environ-
ment is an important factor to maximize both the PR and 
efficiency of the bifacial module which could be produced 
with simple replacement of reflection conditions. This 
system would clearly contribute to future zero energy envi-
ronments such as commercial and mini to micro grid power 
PV systems. 

3.5.2 IS YOUR AIR TEMPERATURE MEA-
SUREMENT TRULY MEETING THE IEC 61724 
ACCURACY SPECIFICATION?

Ambient air temperature is an essential operating condi-
tion parameter required for predicting changes in solar 
panel temperature, and thus panel efficiency. However, air 
temperature measurements often do not meet the recom-

Damon Nitzel,
Distributor & Technical Support,
Apogee Instruments, Inc.

mended accuracy standards. IEC standard 61724 requires 
that temperature sensors and signal conditioning electron-
ics have a measurement resolution of 0.1 C and a maximum 
uncertainty of ± 1 C. This study compares static, multi-plate 
solar radiation shields to fan-aspirated shields in summer-
time and wintertime conditions. Experimental data col-
lected for multiple shield models show that commonly used 
naturally-aspirated multi-plate solar radiation shields can 
often result in air temperature measurement errors as high 
as 2.5 C in summer over vegetation and as high as 7 C in 
winter over snow when compared to fan-aspirated radiation 
shields, with errors greater than 1 C being common when 
wind speed is less than 2 m s-1. These results are consis-
tent with previous studies and indicate that even if a sensor 
has an accuracy specification better than ± 1 C, in practice 
the air temperature measurement rarely meets this specifi-
cation when housed in a static, multi-plate shield. Therefore, 
we conclude that solar panel installations should switch to 
fan-aspirated radiation shields in order to meet the accuracy 
specification required by the governing bodies. 

3.5.3 IMPROVING CONCENTRATED PV 
THROUGH OPTICAL AND HEAT MANAGE-
MENT 

A novel, high efficiency solar module has been developed, 
optimized, validated and submitted for a patent. The module 
seeks to use both the visible and infrared red portions of 
the electromagnetic spectrum to gain optimal technical and 
commercial performance.

OBJECTIVE
The aim of this work is to reduce the levelized cost of elec-
tricity (LCOE) to or below grid parity without subsidy by sig-
nificantly improving conversion efficiency. In the U.S., grid 
parity is estimated between $0.07-0.12 per kWh.

METHODS 
Precise control over the optical and heat management is 
required to simultaneously optimize the overall system ef-
ficiency and LCOE. The process proposed is 510nano’s four 
step process: Capture, Concentrate, Collimate and Con-

Dr. Reginald Parker, 
President and Founder, 
510nano Inc.
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structively Convert. 

Capture – The system uses dual axis tracking which can 
provide up to 40% higher electricity generation than fixed 
tilt ground mounted systems.

Concentrate – A shaped Fresnel lens can improve light 
capture by 15% relative to a flat Fresnel lens. The struc-
ture and shape of the Fresnel lens allows the technology to 
accept direct and diffuse light at rates comparable to con-
ventional solar, and also enables up to 1500X light concen-
tration allowing higher conversion efficiency.

Collimate – The technology takes the concentrated light and 
collimates (makes parallel) the light beam. Collimation helps 
to control the size and uniformity of the light beam incident 
on each solar cell, prevents light from reaching unwanted 
areas of the circuit board where the solar cell is mounted 
and ensures that the light incident on the cell is uniform in 
intensity and color. These factors reduce operational failure 
of the solar cells, and ensures efficiency and performance 
over its life. 

Constructively Convert – The concentrated light is split into 
visible light and infrared radiation (IR). The visible light is 
directed to a custom III-V multi-junction tandem cell which 
converts up to 53% of the visible light into electricity. The IR 
is directed to an Antimonide based p-n junction cell which 
converts up to 30% of infrared radiation into electricity. Con-
ventional photovoltaic (PV) and concentrated PV (CPV) ef-
ficiency is reduced by the thermal effects of infrared range 
photons. IR increases the temperature of the cell, which 
reduces the efficiency by 10 to 25% on hot days. Because 
IR is directed away from the multi-junction tandem cell, the 
multi-junction tandem cell does not suffer from these losses. 
Furthermore, the IR light or “waste heat” is directed to the 
Antimonide based p-n junction cell wherein it is efficiently 
converted to electricity. 

RESULTS 
As a result of this collective approach of optimizing the optic 
and heat management of Solar VIA™, the modules are able 
to operate at a concentration ratio of up to 1500 suns and 
generate electricity at an average efficiency up to 40%. The 
simulated LCOE at 1 MW without subsidy is estimated at 
$0.05/kWh in Atlanta, GA. 

CONCLUSION 
Over a defined operating footprint, Solar VIA™ is estimated 
to produce up to 90% more electricity than current compet-
ing PV technologies. Furthermore, the technology’s installed 
cost is on par with conventional PV, as it uses commercial-
off-the-shelf mounting solutions. This makes installation and 
maintenance simple. The technology promises to achieve 
significantly lower LCOEs through increased scale, im-
proved manufacturing, and component optimization. 

3.5.4 SOLAR PV UPTIME AND FIELD SER-
VICES OPTIMIZATION – DRIVEN BY PREDIC-
TIVE ANALYTICS 

OBJECTIVE 
Digital solutions will play a key role in the future viability of 
utility-scale solar. Through analyzing data drawn from the 
infrastructure, we will be able to accelerate the learning 
curve of applying new technology and, in doing so, reduce 
the perceived risk. Profitability in a solar farm is dependent 
on two factors, availability and O&M expenditure, since the 
resource is free. The aim is to maximize availability by better 
managing O&M, as just one faulty part can take hours or 
even days to identify, locate and replace – which can have 
a heavy impact on plant availability. In the past, managing 
risk inevitably contributed to pushing up maintenance costs. 
With the use of digital tools, risk is managed, maintenance 
expenditure reduced while maximizing energy output. 

METHOD 
A Digital Services for Solar solution was developed with 
the intent of providing increased availability, more profit-
able growth while lowering risk and reducing cost for our 
customers. Performance improvement is achieved through 
predictive analytics integrated into a field service optimiza-
tion tool. 

The data brought into the predictive analysis were collected 
in two methods: via access to the supervisory control and 
data acquisition (SCADA) system’s data or via direct access 
to the inverter network. Within both cases, the connection 
with the digital solar tool is enabled via GE’s Field Agent. The 

Michael Saucier, 
Digital Sales Director, 
GE Power
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field agent can provide high fidelity data with 1 second or 
even finer sampling rates while maintaining the most strin-
gent cyber security requirements. 

RESULTS 
The prognostics algorithms were tuned to the specifics of 
the inverter and plant with 6 weeks of historical training data. 
The solar prognostics algorithms are then used to predict 
the system’s performance under normal operation condi-
tions. The system’s historical faults and malfunctions were 
analyzed to learn how much the system’s performance does 
deviate from their normal operation conditions when a fault 
occurs. A recent case study of the coolant pump thermal 
stress shows that the technology was able to predict a 
coolant pump fault 3 weeks before it occurred. 

CONCLUSION 
The predictive analytics allow proactive maintenance 
instead of fault reactive maintenance, which optimizes the 
system’s uptime and minimized unexpected maintenance. 
The predictive analytics also enables the user to plan their 
maintenance work more efficiently by prioritize the crucial 
maintenance work, postponed the relatively not urgent 
works, or combine several works on the same trip. A side 
from the predictive analytics, a field-leading service opti-
mization tool is also accessible on computers and mobile 
devices. Field technicians can access this tool while they 
are working on site. The feedback from the field technicians 
will be uploaded to the cloud to help enhance the predictive 
power of Digital Services tool. 

3.5.5 HIGH EFFICIENCY PHOTOVOLTAIC 
MODULE HIT® WITH NOVEL SILICON HET-
EROJUNCTION TECHNOLOGY

The silicon heterojunction (SHJ) structure adopted in Pana-
sonic’s photovoltaic module HIT® is recognized as one of 
the highest efficiency solar cells that has following advan-
tages over a conventional c-Si solar cell, (1) a high efficiency 
over 22% with high open circuit voltage (Voc) of more than 
720 mV, (2) higher power generation in practical use due 

Mikio Taguchi, PhD,
General Manager, Solar Systems Business  
Division,
Eco Solutions Company, Panasonic Corporation

to the world’s leading output temperature coefficient of 
-0.258%/°C, (3) a symmetrical cell structure essentially suit-
able for bifacial module. 

This unique structure features a very thin, non-doped amor-
phous silicon [a-Si:H(i)] layer inserted between p or n-type 
doped a-Si layer and n-type c-Si substrate. With the inser-
tion of a-Si:H(i) layer at the a-Si/c-Si heterojunction, surface 
recombination is drastically suppressed. We started our 
R&D activity on SHJ from 1990, and achieved a conversion 
efficiency of 20% with a small (1 cm2) cell in 1994. The de-
position of the high quality a-Si:H film is the key technology 
that has been cultivated through our long time experience 
on amorphous silicon solar cells started from 1975. 

Since then, we have continued to improve the conversion 
efficiencies of the SHJ solar cell with a practical size (>100 
cm2) and have broken the world record for several times. 
Especially, we have proved that the well surface-passivated 
solar cell can maintain the high efficiency with reducing the 
thickness of Si substrate down to less than 100 µm. We ob-
tained the efficiency of 24.7% with 98-µm-thick Si in 2013. 
Where, the surface recombination velocity at the a-Si/c-Si 
heterointerface was estimated as low as 1.4 cm/s and the 
excellent Voc of 750 mV was achieved. In addition, an inter-
digitated back contact structure was adopted with our SHJ 
cells to eliminate the shadow loss of front grid electrode and 
absorption losses of TCO and a-Si on front surface in our 
standard structure SHJ cell. With this structure, we obtained 
a new world record efficiency of 25.6% in 2014 (designated 
area, 143.7 cm2, confirmed by AIST). This broke the previous 
world record of 25.0% (4 cm2) after interval of 15 years and 
gathered much attention. We always led the high efficiency 
Si solar cell technology in this way.

Panasonic built its first production line of the HIT® in 1997, 
and has produced billions of cells with accumulating the 
experience of mass production for 20 years. The module 
technologies suitable for SHJ cells to obtain high efficiency 
and high reliability have been developed. We have adopted 
non-soldered, grooved tabbing wire for cell interconnection 
to utilize the light that strikes the tabbing wire from 2010. 
Further, we introduced the bifacial module to the market in 
2000 and did pioneered work from the early stage of our 
business. In 2012, Panasonic was commended “for devel-
oping and commercializing high-performance heterojunc-
tion solar technology (HIT®)” by the IEEE.

3.5  INCREASING MODULE EFFICIENCY
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Furthermore, to expand the use of the HIT®, we have de-
veloped technologies to laminate three-dimensional curved 
glass to match the automotive body design, achieving the 
installation of modules on the roof of the new Prius PHV 
released by Toyota Motor Corporation. Electrical energy 
generated from solar cells can be applied to the charging 
of driving power sources, thereby extending an EV’s travel 
distance per charge. 

Now, Tesla and Panasonic are preparing to start manufactur-
ing solar cells and modules at the Buffalo, New York factory.

We will continue to pursue technology development of our 
SHJ solar cells, aimed at realizing higher efficiency, lower 
costs and the more efficient use of resources, and will work 
towards mass production of the industry’s top level efficien-
cy and energy saving solar panels on the market.

3.5.6  AN ANALYSIS OF SOLAR HYBRID PHO- 
TOVOLTAIC/THERMAL (PV/T) TECHNOLOGY

OBJECTIVE
Demand for renewable energy sources, including solar, is 
growing rapidly due to market forces of pricing and avail-
ability. Displacement of costly fossil-fuel based technology 
provides environmental benefits of reduced CO2 emissions, 
significant job creation, and increased security of energy 
supply. Photovoltaic generation is cheaper than ever, but 
collects a small fraction – less than 20% – of available solar 
energy. In combination, hybrid photovoltaic (PV) and thermal 
collection in the same unit captures much higher efficiencies 
– up to 70% or more. Is solar hybrid technology ready to 
take a larger share of the growing renewable energy market? 

METHODS 
Research, review and analyze the history and current devel-
opment of hybrid solar photovoltaic/thermal (PV/T) systems 
and technology.

RESULTS AND CONCLUSION 
Analysis of PV/T system technology and economics, in-
cluding cost comparisons to existing technologies, shows 

Doug Williams, 
Founder & CTO,
PVT Energy Inc

favorable conditions for expansion of hybrid PV/T technol-
ogy. Further advantages are current governmental incentives 
intended to accelerate adaptation of new renewable energy 
technologies and an industry ripe for innovation – see Elon 
Musk’s solar PV roofing product. Unlike PV only, hybrid PV/T 
offers a comprehensive power plant solution for on- or off-
grid applications with zero fuel costs, zero carbon emissions, 
and significant return on investment. 
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