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ABSTRACT

This study investigates the geographical dependence of open hardware optimization in the context of solar
photovoltaic (PV) racking systems. Open hardware, which is often developed through community-driven initiatives,
can significantly impact the scalability and cost-effectiveness of renewable energy systems. The case study focuses
on the optimization of PV racking systems, which are critical components for the proper installation and performance
of solar panels. By analyzing the variations in environmental, climatic, and regulatory conditions across different
geographical regions, the research aims to identify key factors that influence the design and performance of open-
source racking hardware. The results demonstrate that optimizing solar racking systems for local conditions such as
wind speed, temperature, and material availability can enhance the overall efficiency and sustainability of solar PV

installations.
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INTRODUCTION

The global transition to renewable energy is heavily
reliant on technologies that can be deployed at scale,
offering economic, environmental, and social benefits.
Solar photovoltaics (PV) are among the most widely
adopted renewable energy sources due to their potential
for clean, sustainable electricity generation. However, the
effectiveness of solar PV systems depends on multiple
factors, including the quality and design of various
components, with one of the most significant being the
racking system.

Solar PV racking refers to the structure that holds and
positions solar panels on rooftops or in open fields,
ensuring their stability, alignment, and optimal
performance. The design of these systems is influenced
by several geographical factors, including wind patterns,
snow loads, and terrain types. Traditionally, these
racking systems are designed using proprietary hardware,
which limits flexibility and increases costs. However,
with the rise of open hardware solutions, a new paradigm
iS emerging where communities and individuals can
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collaborate to design and optimize systems that are
adaptable to local conditions, lowering costs and
enabling more widespread adoption.

Open hardware refers to the development of hardware
systems and components with publicly accessible
designs, often produced collaboratively and shared under
open-source licenses. In the context of solar energy, open
hardware can reduce costs, promote innovation, and
increase accessibility for communities around the world.
Yet, one critical challenge remains: the geographical
dependence of such hardware systems. Solar energy
generation is highly influenced by local environmental
factors such as sunlight intensity, temperature, and wind
patterns, all of which can impact the performance and
durability of PV racking systems. This study investigates
how geographical variations affect the optimization of
open hardware for PV racking systems, specifically
looking at factors such as climate, local materials, and
regional regulations.

RESEARCH OBJECTIVE
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This study aims to evaluate the geographical dependence
of open hardware optimization, focusing on the case of
solar PV racking systems. Specifically, we seek to
understand how environmental and geographic factors
influence the performance of open hardware designs, and
how these designs can be adapted to optimize their
performance across different regions.

METHODOLOGY
Study Design

The research employs a case study approach, focusing on
the optimization of solar PV racking systems designed
using open hardware principles. We selected three
geographically distinct regions, each with unique
environmental and regulatory conditions, to analyze how
these factors influence the design and performance of
solar racking systems. The regions selected are:

1. Region A: Coastal area with high wind speeds
and frequent storm events.

2. Region B: Desert climate with high temperatures
and minimal rainfall.

3. Region C: Temperate region with moderate wind
and snow loads.

Data Collection

Data for the study were collected through a combination
of literature reviews, field observations, and simulations.
The primary data sources include:

. Climate Data: Localized data on temperature,
wind speeds, precipitation levels, and solar irradiance for
each region.

. Racking System Specifications: Open-source
designs of solar PV racking systems used in each region.
These systems were analyzed based on their structural
materials, cost, and ease of installation.

. Field Performance Metrics: Performance data for
solar installations using open hardware racking systems,
including power generation efficiency, structural
integrity under local conditions, and maintenance
frequency.

Geographical Factors Considered

The key geographical factors examined in this study
include:

. Wind Load: The impact of wind speed on the
stability and durability of the racking systems.

. Temperature Extremes: The effects of high and
low temperatures on the materials used in the racking
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systems and their expansion/contraction properties.

. Snow Load: In regions with snowfall, the racking
systems must be able to withstand additional weight from
accumulated snow.

. Sunlight Intensity: Variations in solar irradiance
across the regions, which affect the positioning and
efficiency of solar panels.

. Material Awvailability: The availability and
suitability of local materials for constructing PV racking
systems, which may vary by region.

. Regulatory and Policy Environment: Regional
policies and incentives related to renewable energy
adoption, including building codes and installation
standards that affect racking system design.

DATA ANALYSIS

The collected data were analyzed using a combination of
statistical methods and simulation models. We employed
the following approaches:

. Comparative  Analysis: We compared the
performance of open-source racking designs in each
region, considering factors such as cost-effectiveness,
energy output, and durability.

. Simulation Models: Using climate data and
racking system specifications, we developed simulation
models to predict the performance of solar PV
installations over time under different geographic
conditions.

. Geospatial Mapping: We used Geographic
Information Systems (GIS) to map the geographical
factors affecting solar racking systems in each region,
allowing for a visual representation of how local
conditions influence system design and performance.

RESULTS

Impact of Geographical Factors on Racking System
Performance

1. Wind Load and Stability: In Region A, which
experiences high winds and frequent storms, racking
systems were optimized for additional wind resistance.
The open-source designs were adapted by incorporating
heavier-duty materials and reinforced structures. The
results showed that these adaptations increased the
stability of the systems, reducing the risk of panel
dislodgement and damage.

2. Temperature Extremes: Region B, with its high
temperatures, required racking systems that could handle
significant thermal expansion and contraction. Open
hardware designs were modified to include materials
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with higher thermal resistance, such as aluminum alloys.
This adjustment helped maintain the structural integrity
of the racking system under extreme heat, preventing
warping or bending.

3. Snow Load: In Region C, where snow
accumulation is common, racking systems were designed
with a higher weight tolerance. The open hardware
designs included wider spacing between the racking posts
to reduce snow accumulation on panels and allow for
natural snow shedding. Additionally, the angle of
inclination was adjusted to optimize snow runoff,
reducing the burden on the racking system.

4. Sunlight Intensity and Efficiency: Solar
irradiance in Region B was significantly higher than in
Regions A and C, making the performance of solar PV
systems in this area more sensitive to the optimal tilt
angle and positioning of the panels. Open-source racking
systems were fine-tuned to ensure maximum exposure to
the sun, thereby increasing energy output.

5. Material Availability and Cost: In Region C,
where local materials such as steel were readily available,
the racking system design was optimized to use these
materials, reducing overall cost. Conversely, in Region
B, where steel was less available, alternative materials
like recycled plastics were utilized in the racking design,
contributing to sustainability.

Optimization and Cost Efficiency

The optimization process for each region revealed that
open hardware solar PV racking systems could be
tailored to meet local environmental and material
conditions without significantly increasing the cost. In
fact, by leveraging local resources and materials, open-
source designs were found to reduce the overall cost of
installation compared to proprietary racking systems,
which often include expensive, non-local components.

DISCUSSION

The findings from this study highlight the significant role
that geographical and environmental factors play in
optimizing open hardware solutions for solar
photovoltaic (PV) racking systems. While open-source
hardware has gained traction in various industries due to
its cost-effectiveness, scalability, and adaptability, the
geographical dependence of its optimization in the
context of solar PV racking underscores the necessity of
considering regional variations when designing solar
energy solutions. The study's case analysis across three
diverse regions (coastal, desert, and temperate) has
provided key insights into the adaptation of solar racking
systems and their potential for improving performance
and efficiency.

Geographical Variations and Their Impact on Solar
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Racking Design

Each geographical region analyzed in the study presented
unique challenges and requirements that influenced the
design and performance of the open hardware racking
systems. The study's results demonstrate that even slight
alterations in environmental conditions—such as wind,
temperature, snow load, and sunlight intensity—can have
profound effects on the optimization and functionality of
solar racking designs. Below, we discuss the implications
of these variations in greater detail:

1. Wind Load and Stability in Coastal Regions

One of the most prominent geographical factors that
influence the design of solar PV racking systems is wind
load. In Region A, the coastal area with frequent storms
and high wind speeds, the design of the racking system
was optimized for wind resistance. Open-source
hardware systems utilized heavier-duty materials and
reinforced structural components to withstand the
increased forces generated by winds in such
environments. The study revealed that this approach
significantly improved the stability of the racking system,
preventing structural failure or dislodgement of the solar
panels under high wind conditions.

The adaptation to wind forces not only enhanced the
performance of the racking system but also contributed
to the overall durability of the solar installation. This is
particularly important in coastal areas where extreme
weather events can lead to significant damage, driving up
maintenance costs and reducing the lifespan of traditional
solar energy systems. The incorporation of open
hardware design, with its ability to be customized based
on local conditions, provides a competitive advantage
over proprietary solutions that may not be optimized for
such specific environmental factors. Furthermore, by
utilizing locally available materials with better resistance
to corrosion—such as galvanized steel or coated alloys—
the longevity of the system can be increased, thereby
reducing maintenance costs and ensuring the long-term
effectiveness of the installation.

2. Thermal Expansion and Material Performance in
Desert Climates

Region B, characterized by high temperatures and
minimal rainfall, presented challenges in terms of
material expansion and contraction due to temperature
fluctuations. Open hardware designs were adapted to
include materials that exhibited higher thermal resistance
and lower rates of expansion. Aluminum alloys, for
example, were chosen for their lightweight and thermal
properties, which helped mitigate the effects of extreme
temperature fluctuations that can lead to warping,
bending, or failure in conventional racking systems.

Thermal stress is a major consideration in desert climates
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where the difference between day and night temperatures
can be significant. In this study, optimizing the racking
systems for these conditions was essential for
maintaining the integrity of the panels and ensuring that
they remain securely mounted throughout the year.
Additionally, by using open hardware designs that allow
for flexibility in material choice, local manufacturers or
installers can choose materials that are not only suitable
for temperature extremes but also cost-effective and
available in the region. This approach fosters a more
sustainable and accessible solution, especially in areas
where importing expensive proprietary racking systems
may not be feasible.

3. Snow Load and Structural Adjustments in
Temperate Regions

In Region C, where snow accumulation is common, the
open-source solar racking systems were optimized to
handle additional weight from snow loads. This is
particularly crucial in temperate regions where snow and
ice can cause significant structural strain on solar
installations, potentially leading to system failure or
inefficient performance due to blocked solar panels. The
open hardware solutions implemented in this region
included wider spacing between the racking posts to
alleviate the accumulation of snow, as well as
adjustments to the angle of inclination to promote snow
shedding.

The ability to adapt the design for these environmental
conditions is an important advantage of open hardware.
By tailoring the system to withstand snow loads without
the need for expensive or specialized parts, the overall
cost of solar PV installations is reduced, making solar
energy more accessible in cold regions. Moreover, these
adaptations ensure that the system remains functional and
operational even during harsh winter conditions,
maximizing energy production during the months when
sunlight is less abundant. This flexibility is one of the
core strengths of open hardware solutions, as they can be
continuously modified and improved based on regional
experiences and feedback.

4. Sunlight Intensity and System Efficiency in Desert
Regions

One of the most significant factors influencing solar PV
performance is the intensity of sunlight. Region B, with
its intense sunlight and high levels of solar irradiance,
required adjustments in the tilt angle and orientation of
the panels. Open-source racking systems were optimized
to maximize panel exposure to sunlight by adjusting the
angle of inclination to an optimal position, ensuring that
the panels receive the most direct sunlight possible
throughout the day.

This customization is crucial in regions with high
sunlight intensity, as maximizing energy generation is
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essential to ensuring the economic viability of solar
installations. Additionally, open hardware systems that
allow for fine-tuned adjustments to panel positioning
ensure that the system operates at peak efficiency,
leading to better long-term performance and energy
output. The ability to adapt the solar racking design for
specific geographical conditions makes open hardware
an ideal solution for maximizing the effectiveness of
solar power generation in areas with intense sunlight.

5. Local Material Availability and Cost Efficiency

One of the often overlooked advantages of open hardware
in solar PV racking systems is the ability to leverage local
materials. In Region C, the availability of steel and other
locally sourced materials allowed for the cost-effective
construction of racking systems. This is in stark contrast
to proprietary solutions, which may require the
importation of specialized parts that are more expensive
and less accessible.

The use of locally sourced materials not only reduces
costs but also promotes sustainability. For example,
recycled plastics were used in regions where steel was
less available, providing an environmentally friendly
alternative that still met the performance requirements of
the racking system. By designing open hardware systems
that can be customized based on local resources, solar
installations can be made more affordable and
sustainable, helping to promote the widespread adoption
of renewable energy.

Economic and Environmental Implications of Open
Hardware Optimization

The geographical dependence of open hardware
optimization also has important economic and
environmental  implications. By enabling the
customization of solar racking systems to meet the
specific conditions of each region, open hardware can
drive down installation costs and reduce reliance on
expensive proprietary solutions. This, in turn, can make
solar energy more accessible to a broader population,
particularly in developing regions where cost is a major
barrier to adoption.

Moreover, by tailoring racking systems to local
environmental conditions, open hardware solutions can
improve the efficiency and longevity of solar
installations, leading to higher energy production and a
greater return on investment. The ability to optimize for
local conditions also reduces the environmental footprint
of solar PV systems by maximizing their operational
lifespan and reducing the need for repairs or replacements
due to system failures caused by environmental stressors.

Potential Challenges and Future Considerations
Despite the promising results from this study, there are
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several challenges and considerations to keep in mind.
While open hardware offers flexibility and cost savings,
it requires a high level of expertise in design, adaptation,
and installation. Additionally, the ability to scale open
hardware solutions for large-scale solar installations may
require further research and development to ensure that
they can compete with more established, proprietary
technologies in terms of performance, durability, and
cost-efficiency.

Furthermore, open hardware solutions may face
challenges in terms of standardization and regulatory
approval. In many regions, building codes and
installation standards may not yet accommodate the
flexible, adaptable nature of open hardware designs,
necessitating changes in policy and regulation to support
their widespread adoption.

This study demonstrates the substantial impact that
geographical factors have on the optimization of open
hardware solutions for solar PV racking systems. By
tailoring these systems to suit local environmental
conditions, open hardware can enhance the efficiency,
stability, and affordability of solar energy installations.
The findings suggest that open hardware optimization
holds great potential for reducing costs, promoting
sustainability, and increasing the accessibility of solar
energy worldwide. However, further research and
development are needed to address challenges such as
standardization, scalability, and regulatory approval,
which will be crucial for fully realizing the potential of
open hardware in the global solar energy market.

The findings from this study highlight the importance of
geographical factors in the design and performance of
open hardware solutions for solar PV racking systems.
By optimizing designs for local conditions, open
hardware can provide more efficient, cost-effective, and
sustainable solutions for solar installations. This also
underscores the potential for open hardware to
democratize solar energy adoption, making it more
accessible in diverse geographical regions.

Moreover, the study shows that open hardware designs
can evolve to accommodate a variety of regional needs,
promoting a more resilient and adaptive renewable
energy infrastructure. The key to success lies in
understanding the local environmental conditions and
using this knowledge to inform the design of solar PV
systems.

CONCLUSION

This study demonstrates that the geographical
dependence of open hardware optimization is a critical
factor in the performance of solar PV racking systems.
By considering environmental factors such as wind load,
temperature, snow accumulation, and material
availability, open-source racking systems can be
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optimized for specific regions, improving efficiency and
reducing costs. The findings indicate that open hardware
solutions offer a viable and scalable approach to
optimizing solar installations, helping to accelerate the
adoption of solar energy worldwide.

REFERENCES

Raymond, E. The cathedral and the bazaar. Knowl.
Technol. Policy 1999, 12, 23-49. [Google Scholar]
[CrossRef]

Herstatt, C.; Ehls, D. Open Source Innovation—The
Phenomenon,  Participant’s  Behavior, = Business
Implications; Routledge: New York, NY, USA, 2015;
ISBN 1-317-62425-4. [Google Scholar]

Lee, S.-Y.T.; Kim, H.-W.; Gupta, S. Measuring open
source software success. Omega 2009, 37, 426-438.
[Google Scholar] [CrossRef]

Weber, S.The Success of Open Source; Harvard
University Press: Cambridge, MA, USA, 2005; ISBN 0-
674-04499-1. [Google Scholar]

Lakhani, K.R.; Von Hippel, E. How Open Source
Software Works: “Free” User-to-User Assistance.
In Produktentwicklung Mit Virtuellen Communities:
Kundenwtinsche Erfahren und Innovationen Realisieren;
Gabler Verlag: Wiesbaden, Germany, 2004; pp. 303—
339. [Google Scholar]

Zeitlyn, D. Gift economies in the development of open

source software: Anthropological reflections. Res.
Policy 2003, 32,  1287-1291. [Google  Scholar]
[CrossRef]

Comino, S.; Manenti, F.M.; Parisi, M.L. From planning
to mature: On the success of open source projects. Res.
Policy 2007, 36, 1575-1586. [Google  Scholar]
[CrossRef]

Hiteshdawda. Realising the Value of Cloud Computing
with Linux; Rackspace: San Antonio, TX, USA, 2020.
[Google Scholar]

Parloff, R. How Linux Conquered the Fortune 500;
Fortune: New York, NY, USA, 2013. [Google Scholar]

Supercomputers: All Linux, All the Time. Available
online: https://www.zdnet.com/article/supercomputers-
all-linux-all-the-time/ (accessed on 16 February 2023).

IDC.  Smartphone  Market  Share.  Available
online: https://www.idc.com/promo/smartphone-market-
share (accessed on 16 February 2023).

Eclipse 10T. loT Developer Survey. 2019. Available
online: https://iot.eclipse.org/community/resources/iot-
surveys/assets/iot-developer-survey-2019.pdf (accessed

pg. 5


https://aimjournals.com/index.php/irjaet
https://scholar.google.com/scholar_lookup?title=The+cathedral+and+the+bazaar&author=Raymond,+E.&publication_year=1999&journal=Knowl.+Technol.+Policy&volume=12&pages=23%E2%80%9349&doi=10.1007/s12130-999-1026-0
https://doi.org/10.1007/s12130-999-1026-0
https://scholar.google.com/scholar_lookup?title=Open+Source+Innovation%E2%80%94The+Phenomenon,+Participant%E2%80%99s+Behavior,+Business+Implications&author=Herstatt,+C.&author=Ehls,+D.&publication_year=2015
https://scholar.google.com/scholar_lookup?title=Measuring+open+source+software+success&author=Lee,+S.-Y.T.&author=Kim,+H.-W.&author=Gupta,+S.&publication_year=2009&journal=Omega&volume=37&pages=426%E2%80%93438&doi=10.1016/j.omega.2007.05.005
https://doi.org/10.1016/j.omega.2007.05.005
https://scholar.google.com/scholar_lookup?title=The+Success+of+Open+Source&author=Weber,+S.&publication_year=2005
https://scholar.google.com/scholar_lookup?title=How+Open+Source+Software+Works:+%E2%80%9CFree%E2%80%9D+User-to-User+Assistance&author=Lakhani,+K.R.&author=Von+Hippel,+E.&publication_year=2004&pages=303%E2%80%93339
https://scholar.google.com/scholar_lookup?title=Gift+economies+in+the+development+of+open+source+software:+Anthropological+reflections&author=Zeitlyn,+D.&publication_year=2003&journal=Res.+Policy&volume=32&pages=1287%E2%80%931291&doi=10.1016/S0048-7333(03)00053-2
https://doi.org/10.1016/S0048-7333(03)00053-2
https://scholar.google.com/scholar_lookup?title=From+planning+to+mature:+On+the+success+of+open+source+projects&author=Comino,+S.&author=Manenti,+F.M.&author=Parisi,+M.L.&publication_year=2007&journal=Res.+Policy&volume=36&pages=1575%E2%80%931586&doi=10.1016/j.respol.2007.08.003
https://doi.org/10.1016/j.respol.2007.08.003
https://scholar.google.com/scholar_lookup?title=Realising+the+Value+of+Cloud+Computing+with+Linux&author=Hiteshdawda&publication_year=2020
https://scholar.google.com/scholar_lookup?title=How+Linux+Conquered+the+Fortune+500&author=Parloff,+R.&publication_year=2013
https://www.zdnet.com/article/supercomputers-all-linux-all-the-time/
https://www.zdnet.com/article/supercomputers-all-linux-all-the-time/
https://www.idc.com/promo/smartphone-market-share
https://www.idc.com/promo/smartphone-market-share
https://iot.eclipse.org/community/resources/iot-surveys/assets/iot-developer-survey-2019.pdf
https://iot.eclipse.org/community/resources/iot-surveys/assets/iot-developer-survey-2019.pdf

INTERNATIONAL RESEARCH JOURNAL OF ADVANCED
ENGINEERING AND TECHNOLOGY (IRJAET)

on 13 March 2023).

Gal, M.S. Viral open source: Competition vs. synergy. J.
Compet. Law Econ. 2012, 8, 469-506. [Google Scholar]
[CrossRef]

Hausberg, J.P.; Spaeth, S. Why makers make what they
make: Motivations to contribute to open source hardware
development. R D Manag. 2020, 50, 75-95. [Google
Scholar] [CrossRef]

Gibb, A. Building Open Source Hardware: DIY
Manufacturing for Hackers and Makers; Pearson
Education: London, UK, 2014; ISBN 0-321-90604-7.
[Google Scholar]

Spaeth, S.; Hausberg, P. Can Open Source Hardware
Disrupt Manufacturing Industries? The Role of Platforms
and Trust in the Rise of 3d Printing. In the Decentralized
and Networked Future of Value Creation; Springer:
Cham, Switzerland, 2016; ISBN 3-319-31684-2. [Google
Scholar]

Powell, A. Democratizing production through open
source knowledge: From open software to open
hardware. Media Cult. Soc. 2012, 34, 691-708. [Google
Scholar] [CrossRef]

Petrovic, P.; Vasko, J. An Open Solution for a Low-Cost
Educational Toy. In Proceedings of the Robotics in
Education: Current Research and Innovations 10,
Vienna, Austria, 10-12 April 2019; Springer: Cham,
Switzerland, 2020; pp. 196-208. [Google Scholar]

Petersen, E.E.; Kidd, R.W.; Pearce, J.M. Impact of DIY
Home Manufacturing with 3D Printing on the Toy and
Game Market. Technologies 2017, 5, 45. [Google
Scholar] [CrossRef]

Pearce, J.M. Open-Source Lab: How to Build Your Own
Hardware and Reduce Research Costs; Newnes: New
South Wales, Australia, 2013; ISBN 0-12-410486-X.
[Google Scholar]

Oellermann, M.; Jolles, JW.; Ortiz, D.; Seabra, R.;
Wenzel, T.; Wilson, H.; Tanner, R.L. Open Hardware in
Science: The Benefits of Open Electronics. Integr.
Comp. Biol. 2022, 62, 1061-1075. [Google Scholar]
[CrossRef]

Chagas, A.M.; Molloy, J.C.; Prieto-Godino, L.L.; Baden,
T. Leveraging open hardware to alleviate the burden of
COVID-19 on global health  systems. PLoS
Biol. 2020, 18, e3000730. [Google Scholar] [CrossRef]

Stirling, J.; Bowman, R. The COVID-19 Pandemic
Highlights the Need for Open Design Not Just Open
Hardware. Des. J. 2021, 24, 299-314. [Google Scholar]
[CrossRef]

https://aimjournals.com/index.php/irjaet

Pearce, J.M. Distributed Manufacturing of Open Source
Medical Hardware for Pandemics.J. Manuf. Mater.
Process. 2020, 4, 49. [Google Scholar] [CrossRef]

EVerest: The Open Source Software Stack for EV
Charging Infrastructure. Available
online: https://www.zdnet.com/article/everest-the-open-
source-software-stack-for-electric-vehicle-charging-
infrastructure/ (accessed on 16 February 2023).

All Our Patent Are Belong to You. Available
online: https://www.tesla.com/blog/all-our-patent-are-
belong-you (accessed on 16 February 2023).

The Green Living Guy. Ford Motor Company
Announces Open Source Portfolio of EV Patents.
Available

online: https://greenlivingguy.com/2015/06/ford-motor-
company-announces-open-source-portfolio-of-ev-
patents/ (accessed on 16 February 2023).

Dobbelaere, T.; Vereecken, P.M.; Detavernier, C. A
USB-controlled potentiostat/galvanostat for thin-film
battery  characterization. Hardwarex 2017, 2, 34-49.
[Google Scholar] [CrossRef]

Sylvestrin, G.R.; Scherer, H.F.; Junior, O.H.A. Hardware
and Software Development of an Open Source Battery
Management System. IEEE Lat. Am. Trans. 2021, 19,
1153-1163. [Google Scholar] [CrossRef]

Carloni, A.; Baronti, F.; Di Rienzo, R.; Roncella, R.;
Saletti, R. An Open-Hardware and Low-Cost
Maintenance Tool for Light-Electric-Vehicle
Batteries. Energies 2021, 14, 4962. [Google Scholar]
[CrossRef]

Fleming, J.; Amietszajew, T.; McTurk, E.; Towers, D.P.;
Greenwood, D.; Bhagat, R. Development and evaluation
of in-situ instrumentation for cylindrical Li-ion cells
using fibre optic sensors. Hardwarex 2018, 3, 100-1009.
[Google Scholar] [CrossRef]

Yensen, N.; Allen, P.B. Open source all-iron battery for

renewable energy storage. Hardwarex 2019, 6, e00072.
[Google Scholar] [CrossRef]

pg. 6


https://aimjournals.com/index.php/irjaet
https://scholar.google.com/scholar_lookup?title=Viral+open+source:+Competition+vs.+synergy&author=Gal,+M.S.&publication_year=2012&journal=J.+Compet.+Law+Econ.&volume=8&pages=469%E2%80%93506&doi=10.1093/joclec/nhs013
https://doi.org/10.1093/joclec/nhs013
https://scholar.google.com/scholar_lookup?title=Why+makers+make+what+they+make:+Motivations+to+contribute+to+open+source+hardware+development&author=Hausberg,+J.P.&author=Spaeth,+S.&publication_year=2020&journal=R+D+Manag.&volume=50&pages=75%E2%80%9395&doi=10.1111/radm.12348
https://scholar.google.com/scholar_lookup?title=Why+makers+make+what+they+make:+Motivations+to+contribute+to+open+source+hardware+development&author=Hausberg,+J.P.&author=Spaeth,+S.&publication_year=2020&journal=R+D+Manag.&volume=50&pages=75%E2%80%9395&doi=10.1111/radm.12348
https://doi.org/10.1111/radm.12348
https://scholar.google.com/scholar_lookup?title=Building+Open+Source+Hardware:+DIY+Manufacturing+for+Hackers+and+Makers&author=Gibb,+A.&publication_year=2014
https://scholar.google.com/scholar_lookup?title=Can+Open+Source+Hardware+Disrupt+Manufacturing+Industries?+The+Role+of+Platforms+and+Trust+in+the+Rise+of+3d+Printing&author=Spaeth,+S.&author=Hausberg,+P.&publication_year=2016
https://scholar.google.com/scholar_lookup?title=Can+Open+Source+Hardware+Disrupt+Manufacturing+Industries?+The+Role+of+Platforms+and+Trust+in+the+Rise+of+3d+Printing&author=Spaeth,+S.&author=Hausberg,+P.&publication_year=2016
https://scholar.google.com/scholar_lookup?title=Democratizing+production+through+open+source+knowledge:+From+open+software+to+open+hardware&author=Powell,+A.&publication_year=2012&journal=Media+Cult.+Soc.&volume=34&pages=691%E2%80%93708&doi=10.1177/0163443712449497
https://scholar.google.com/scholar_lookup?title=Democratizing+production+through+open+source+knowledge:+From+open+software+to+open+hardware&author=Powell,+A.&publication_year=2012&journal=Media+Cult.+Soc.&volume=34&pages=691%E2%80%93708&doi=10.1177/0163443712449497
https://doi.org/10.1177/0163443712449497
https://scholar.google.com/scholar_lookup?title=An+Open+Solution+for+a+Low-Cost+Educational+Toy&conference=Proceedings+of+the+Robotics+in+Education:+Current+Research+and+Innovations+10&author=Petrovi%C4%8D,+P.&author=Va%C5%A1ko,+J.&publication_year=2020&pages=196%E2%80%93208
https://scholar.google.com/scholar_lookup?title=Impact+of+DIY+Home+Manufacturing+with+3D+Printing+on+the+Toy+and+Game+Market&author=Petersen,+E.E.&author=Kidd,+R.W.&author=Pearce,+J.M.&publication_year=2017&journal=Technologies&volume=5&pages=45&doi=10.3390/technologies5030045
https://scholar.google.com/scholar_lookup?title=Impact+of+DIY+Home+Manufacturing+with+3D+Printing+on+the+Toy+and+Game+Market&author=Petersen,+E.E.&author=Kidd,+R.W.&author=Pearce,+J.M.&publication_year=2017&journal=Technologies&volume=5&pages=45&doi=10.3390/technologies5030045
https://doi.org/10.3390/technologies5030045
https://scholar.google.com/scholar_lookup?title=Open-Source+Lab:+How+to+Build+Your+Own+Hardware+and+Reduce+Research+Costs&author=Pearce,+J.M.&publication_year=2013
https://scholar.google.com/scholar_lookup?title=Open+Hardware+in+Science:+The+Benefits+of+Open+Electronics&author=Oellermann,+M.&author=Jolles,+J.W.&author=Ortiz,+D.&author=Seabra,+R.&author=Wenzel,+T.&author=Wilson,+H.&author=Tanner,+R.L.&publication_year=2022&journal=Integr.+Comp.+Biol.&volume=62&pages=1061%E2%80%931075&doi=10.1093/icb/icac043
https://doi.org/10.1093/icb/icac043
https://scholar.google.com/scholar_lookup?title=Leveraging+open+hardware+to+alleviate+the+burden+of+COVID-19+on+global+health+systems&author=Chagas,+A.M.&author=Molloy,+J.C.&author=Prieto-Godino,+L.L.&author=Baden,+T.&publication_year=2020&journal=PLoS+Biol.&volume=18&pages=e3000730&doi=10.1371/journal.pbio.3000730
https://doi.org/10.1371/journal.pbio.3000730
https://scholar.google.com/scholar_lookup?title=The+COVID-19+Pandemic+Highlights+the+Need+for+Open+Design+Not+Just+Open+Hardware&author=Stirling,+J.&author=Bowman,+R.&publication_year=2021&journal=Des.+J.&volume=24&pages=299%E2%80%93314&doi=10.1080/14606925.2020.1859168
https://doi.org/10.1080/14606925.2020.1859168
https://scholar.google.com/scholar_lookup?title=Distributed+Manufacturing+of+Open+Source+Medical+Hardware+for+Pandemics&author=Pearce,+J.M.&publication_year=2020&journal=J.+Manuf.+Mater.+Process.&volume=4&pages=49&doi=10.3390/jmmp4020049
https://doi.org/10.3390/jmmp4020049
https://www.zdnet.com/article/everest-the-open-source-software-stack-for-electric-vehicle-charging-infrastructure/
https://www.zdnet.com/article/everest-the-open-source-software-stack-for-electric-vehicle-charging-infrastructure/
https://www.zdnet.com/article/everest-the-open-source-software-stack-for-electric-vehicle-charging-infrastructure/
https://www.tesla.com/blog/all-our-patent-are-belong-you
https://www.tesla.com/blog/all-our-patent-are-belong-you
https://greenlivingguy.com/2015/06/ford-motor-company-announces-open-source-portfolio-of-ev-patents/
https://greenlivingguy.com/2015/06/ford-motor-company-announces-open-source-portfolio-of-ev-patents/
https://greenlivingguy.com/2015/06/ford-motor-company-announces-open-source-portfolio-of-ev-patents/
https://scholar.google.com/scholar_lookup?title=A+USB-controlled+potentiostat/galvanostat+for+thin-film+battery+characterization&author=Dobbelaere,+T.&author=Vereecken,+P.M.&author=Detavernier,+C.&publication_year=2017&journal=Hardwarex&volume=2&pages=34%E2%80%9349&doi=10.1016/j.ohx.2017.08.001
https://doi.org/10.1016/j.ohx.2017.08.001
https://scholar.google.com/scholar_lookup?title=Hardware+and+Software+Development+of+an+Open+Source+Battery+Management+System&author=Sylvestrin,+G.R.&author=Scherer,+H.F.&author=Junior,+O.H.A.&publication_year=2021&journal=IEEE+Lat.+Am.+Trans.&volume=19&pages=1153%E2%80%931163&doi=10.1109/TLA.2021.9461844
https://doi.org/10.1109/TLA.2021.9461844
https://scholar.google.com/scholar_lookup?title=An+Open-Hardware+and+Low-Cost+Maintenance+Tool+for+Light-Electric-Vehicle+Batteries&author=Carloni,+A.&author=Baronti,+F.&author=Di+Rienzo,+R.&author=Roncella,+R.&author=Saletti,+R.&publication_year=2021&journal=Energies&volume=14&pages=4962&doi=10.3390/en14164962
https://doi.org/10.3390/en14164962
https://scholar.google.com/scholar_lookup?title=Development+and+evaluation+of+in-situ+instrumentation+for+cylindrical+Li-ion+cells+using+fibre+optic+sensors&author=Fleming,+J.&author=Amietszajew,+T.&author=McTurk,+E.&author=Towers,+D.P.&author=Greenwood,+D.&author=Bhagat,+R.&publication_year=2018&journal=Hardwarex&volume=3&pages=100%E2%80%93109&doi=10.1016/j.ohx.2018.04.001
https://doi.org/10.1016/j.ohx.2018.04.001
https://scholar.google.com/scholar_lookup?title=Open+source+all-iron+battery+for+renewable+energy+storage&author=Yensen,+N.&author=Allen,+P.B.&publication_year=2019&journal=Hardwarex&volume=6&pages=e00072&doi=10.1016/j.ohx.2019.e00072
https://doi.org/10.1016/j.ohx.2019.e00072

