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Chapter 1: The Energy Access Crisis
1.1 Global Landscape of Energy Poverty

Energy poverty continues to hinder socioeconomic progress
in many parts of the world. According to the International
Energy Agency (IEA), as of 2023, nearly 770 million
people globally lacked access to electricity, primarily in
Sub-Saharan Africa and parts of Asia. The lack of energy
access affects essential services such as education,
healthcare and economic development. Rural populations
are disproportionately affected due to remoteness, lack of
infrastructure  investment and  limited  political
representation. In fragile or conflict affected areas, the
situation is often worsened by instability, poor governance
and displacement.

1.2 Impact on Daily Life

In energy poor regions, households rely on traditional
sources like kerosene, firewood and diesel generators.
These sources are not only inefficient but also pose
significant health and environmental risks. For example,
indoor air pollution from burning biomass causes
respiratory diseases and premature deaths. Kerosene lamps,
for example, emit noxious fumes and are responsible for
numerous household fires and respiratory diseases. Women

12



and children are particularly affected, as they spend hours
collecting firewood or are exposed to toxic indoor air.

Lack of lighting means children cannot study after dark,
clinics cannot operate effectively at night, and businesses
are limited in their operational hours. Refrigeration, water
pumping, and communication systems also suffer, creating
a cyclical barrier to development and progress.

1.3 Challenges in Infrastructure Development

Building centralised power grids in remote areas involves
high capital investment, long implementation timelines and
complex logistics. This makes it imperative to explore
decentralised and sustainable alternatives.

Extending centralised grid infrastructure to rural and
remote areas poses multiple challenges. First, the cost per
connection increases exponentially with distance from the
grid. Building transmission lines across rough terrain,
sparsely populated regions or politically unstable zones is
both expensive and risky.

Second, even when infrastructure is extended, reliability
remains a major issue. Power outages, voltage fluctuations
and inadequate maintenance further diminish the value of
energy access.
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Additionally, many national utilities are financially
constrained and struggle to maintain existing networks, let
alone expand them sustainably. These conditions
underscore the need for decentralised, renewable and
context appropriate energy solutions.

1.4 Role of Innovation and Technology

Emerging technologies in solar, wind and bioenergy are
closing the access gap. However, the deployment of these
technologies often faces challenges related to affordability,
maintenance and local capacity building. Innovations like
the SDNA (Sideglow Diffusor of Natural and Artificial
Radiation) address these concerns by offering low
maintenance, efficient and adaptable lighting solutions.

Yet, adoption is often hampered by high upfront costs, lack
of technical expertise, limited after sales service and
difficulty accessing financing. In this landscape,
innovations like the SDNA offer a unique value proposition.

By capturing and diffusing both natural and artificial light
through fibre optic cables, SDNA devices can illuminate
indoor spaces and peripheral areas without relying on
electrical circuits or active power consumption. These
systems are relatively based on low technology, easy to
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install and durable, making them well suited for
deployment in energy poor settings.

1.5 Linking Energy Access to Broader Development Goals

Energy access is foundational to achieving other
Sustainable Development Goals (SDGs). For instance, it
improves educational outcomes by providing lighting for
evening studies, enhances healthcare delivery with powered
medical equipment and enables small businesses to operate
more efficiently.

Energy is not an isolated sector; it underpins virtually all
development efforts. In education, access to electricity
allows for extended classroom hours, digital learning tools
and better teaching conditions. In healthcare, electricity
powers lifesaving equipment, refrigeration for vaccines,
lighting for surgeries and night time emergencies. Small
scale industries can operate more efficiently and generate
employment when reliable power is available.

Furthermore, access to clean and modern energy
contributes to climate change mitigation by reducing
reliance on fossil fuels and deforestation. It enhances
gender equity by freeing women from time consuming
chores related to energy collection, thereby enabling
participation in education and economic activities.
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1.6 Data and Case Studies

A study by the World Bank in Kenya showed that
households with reliable lighting experienced a 13%
improvement in income generating opportunities. In
Bangladesh, solar home systems have electrified over 20
million households, improving safety, productivity and
education outcomes. These cases highlight the
transformative power of decentralised energy systems.

1.7 The Way Forward

To overcome the energy access crisis, a multi-pronged
approach is needed that includes policy reform, investment
in innovation, community engagement and global
collaboration. The SDNA technology represents a critical
piece of this puzzle, offering scalable solutions tailored to
the realities of underserved communities.

e Policy Reforms: Governments must create
enabling environments for innovation, including
subsidies, import tariff reductions and streamlined
regulatory approvals for off grid technologies.

e Investment in Innovation: Private and public
sector investments in research and development can
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accelerate the development and deployment of
context appropriate technologies.

e Community Engagement: Solutions must be co-
created with local communities to ensure cultural
relevance, ownership and sustainability.

e Global Collaboration: Development agencies,
non-government  organisations, donors and
corporations must collaborate to scale impactful
solutions like the SDNA.

SDNA Sideglow Diffusor, by providing a cost effective,
scalable and sustainable lighting solution, has the potential
to become a cornerstone technology in this global effort. Its
adoption could radically shift how underserved
communities experience energy, opening new possibilities
for human development.

1.8 Political Economy of Energy Access

Energy infrastructure development is deeply tied to national
governance models and political priorities. In many
developing nations, energy policy is influenced by short
term electoral cycles rather than long term infrastructural
vision. Corruption, mismanagement and bureaucratic
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inefficiency often hamper the expansion of rural
electrification programs.

State owned utilities frequently operate at a loss, unable to
recoup investment from low-income consumers. As a
result, rural communities remain deprioritised in national
grid expansion plans. Private players, on the other hand, are
reluctant to enter markets where profit margins are slim or
non-existent.

This creates a systemic neglect of underserved populations.
SDNA, being a decentralised and non-grid reliant
technology, bypasses many of these structural bottlenecks.
It offers governments an opportunity to deliver quick wins
in energy access without massive infrastructure overhaul.

1.9 Energy Crisis and Equity

Energy access is not just a technical or economic issue; it is
a matter of justice. The concept of energy justice demands
that access to clean, reliable and affordable energy be
treated as a human right, not a privilege. This is particularly
relevant in the context of indigenous populations, informal
settlements and communities in conflict zones, where state
presence is weak or absent.
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Inequitable energy distribution reinforces other forms of
marginalisation such as racial, gendered and economic. In
urban slums, for instance, illegal electricity connections
result in dangerous living conditions. Legal access often
remains elusive due to lack of proof of residence or high
connection fees.

By being compact, safe and user installable, SDNA
Sideglow Diffusor technology democratises access to light,
empowering vulnerable populations to claim their right to
modern energy without needing to navigate systemic
obstacles.

1.10 Barriers to Innovation Deployment
Despite the promise of technologies like SDNA, their

adoption often faces non-technical barriers. They are:

e Lack of awareness among end users and

policymakers.
e Cultural preferences for traditional lighting
methods.

e Unavailability of supply chains and technical
support.

e Insufficient funding for early-stage deployment,
research and development.
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To overcome these hurdles, multistakeholder coordination
is essential. Public private partnerships, local demonstration
pilots and targeted subsidies can create the initial
momentum needed to build market confidence.

Knowledge dissemination through government channels,
non-government organisations and community
organizations also plays a critical role. The more widely
understood the benefits of innovations like SDNA are, the
more likely their demand and acceptance.

1.11 Financing the Last Mile

According to the World Bank, the cost of achieving
universal electricity access by 2030 is estimated at $45
billion annually. Current investments are nowhere near that
mark and less than 20% of energy finance flows go to
countries most in need. Within that, a minuscule portion is
directed to decentralised solutions.

Blended finance mechanisms which combine grants,
concessional finance and commercial capital have emerged
as a promising tool. Instruments like green bonds, results-
based finance and climate adaptation funds are increasingly
being tied to energy access outcomes.
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Technologies like SDNA are ideal for such financing
because they offer low risk, high impact, and easily
measurable results like number of households lit, hours of
clean lighting per day, reduction in kerosene usage, etc.

Development finance institutions, corporate social
responsibility budgets of corporations and philanthropic
capital can further catalyse scale by absorbing the initial
deployment risks in fragile markets.

1.12 The Role of International Organisations

Organizations like the International Renewable Energy
Agency (IRENA), United Nations Development
Programme (UNDP) and SEforALL (Sustainable Energy
for All) have been instrumental in promoting the narrative
of inclusive energy access. They provide technical
guidance, policy blueprints and investment platforms to
bridge the last mile gap.

The Global SDG7 Action Agenda, for example, outlines
practical pathways for universal electrification. However,
such roadmaps are only effective if national governments
incorporate them into localized action plans.

To that end, integrating technologies like SDNA into United
Nations agency procurement programs (e.g., UNICEF for
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schools or UNHCR for refugee camps) can fast track
visibility and deployment. These organizations already
operate at the frontlines of humanitarian and development
contexts where lighting access is essential.

1.13 Technological Complementarily: SDNA, Solar and
Storage

One of the misconceptions about innovations like SDNA is
that they must compete with existing solar or battery
technologies. In reality, SDNA is complementary to these
systems.

Whereas solar panels require sunlight exposure and
batteries need periodic replacement, SDNA can operate in
hybrid mode, diffusing both natural and artificial light. This
enables:
e Daylight redistribution from windows to darker
corners of rooms or shelters.
e Low energy illumination from nearby LEDs or
CFLs when solar output is insufficient.
e Extended operation in low light or cloudy regions
without over reliance on stored power.

Thus, SDNA strengthens energy resilience, reduces system
strain and enhances user experience especially in
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multipurpose spaces like community centres, emergency
medical tents and night time learning environments.

1.14 Case Study 1: SDNA for Night Schooling in Rural
India

In the state of Jharkhand, India, over 1.2 million children
attend schools with unreliable or zero electricity. NGOs
running night education programs for tribal children often
rely on diesel generators or lanterns with limited runtime.

In a 2023 pilot, SDNA units were installed in three
community halls repurposed for education. By channelling
ambient sunlight during the day and low voltage LED light
at night, the SDNA system provided 8 hours to 10 hours of
diffused, safe illumination with no operational cost.

Teachers reported a 30% increase in attendance and
students could study for longer without eye strain. The
project’s success led to discussions with the State
Renewable Energy Agency for further scale-up using CSR
(Corporate Social Responsibility) and MP-LAD (Members
of Parliament Local Area Development Scheme) funds.
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1.15 Case Study 2: Disaster Relief Camps in Mozambique

After Cyclone Idai struck Mozambique in 2019, over 1.5
million people were displaced. Temporary shelters lacked
basic lighting, raising concerns around security and gender-
based violence.

While solar lanterns were distributed, they often failed due
to overuse, poor weather and theft. A humanitarian pilot
involving SDNA installations in 20 family tents revealed
significant benefits. The fibre optic sideglow system used
reflective sheets and artificial LEDs to maintain safe
lighting conditions without reliance on direct solar
exposure or batteries.

UNHCR (UN Refugee Agency) noted greater predictability
in light availability, reduced generator demand and better
nighttime visibility. Based on this success, SDNA
technology is now under evaluation for inclusion in core
relief items for flood prone regions.

1.16 Looking Forward: A Collaborative Vision

The complexity of the energy access crisis demands
collaborative innovation. Technologies like SDNA are not
silver bullets, but critical pieces in a diverse toolkit. Their
value multiplies when implemented alongside community
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training, policy support, financial innovation and public
awareness.

By situating SDN A within ecosystems of support from rural
cooperatives to multilateral agencies its full potential can be
realised. Scaling 1mpact requires platforms where
engineers, policymakers, investors and local leaders
converge.

As global attention increasingly turns toward climate
resilient infrastructure and just transitions, solutions like the
SDNA Sideglow Diffusor offer not just light but a lifeline.

1.17 Key Takeaways: Strategic Insights on Energy Access
and SDNA’s Role

e Energy poverty is a multifaceted issue that hinders
development, safety, education and gender equity.

e Traditional solutions are inadequate due to cost,
logistics and environmental risks.

e Decentralised technologies like SDNA provide
viable alternatives, especially in off grid and
vulnerable settings.

e Addressing the crisis requires policy coherence,
innovative finance, inclusive design and strategic
partnerships.
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e The SDNA Sideglow Diffusor, when deployed
thoughtfully can play a transformative role in
meeting SDG 7.1 (i.e., Universal Access to Modern
Energy) and uplifting marginalised communities.
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Chapter 2: Understanding Universal Access to
Modern Energy

2.1 Introduction to the Sustainable Development Goals

The Sustainable Development Goals (SDGs) are a universal
call to action adopted by all United Nations Member States
in 2015. These 17 interconnected goals aim to end poverty,
protect the planet and ensure prosperity for all by 2030.
Among these, SDG 7 "Affordable and Clean Energy" holds
a pivotal role in enabling nearly all other SDGs.

Specifically, SDG 7.1 targets ensuring universal access to
affordable, reliable and modern energy services. As a
foundational element of human development, energy is
central to the fulfilment of basic needs such as lighting,
cooking, heating, healthcare, education and economic
activity.

2.2 The Scope and Targets of SDG 7.1

SDG 7 is broken into sub-targets, with 7.1 focused
explicitly on:
e 7.1.1: Proportion of population with access to
electricity.
e 7.1.2: Proportion of population with primary
reliance on clean cooking fuels and technology.

27



These indicators allow global tracking of access to modern
energy, revealing disparities across regions and socio-
economic groups. SDG 7.1 emphasises energy not just as a
utility, but as a human right and a driver of inclusive growth.

2.3 Current Progress and Global Trends

According to the 2023 "Tracking SDG 7" report by the IEA
(International Energy Agency), IRENA (International
Renewable Energy Agency), WHO (World Health
Organisation) and World Bank:

e The global electrification rate reached 91% in 2021,
but progress has plateaued.

e Sub-Saharan Africa remains the region with the
highest energy access deficit, over 600 million
people remain without electricity.

e Only 69% of the global population has access to
clean cooking, with stark inequalities in low income
and rural areas.

This data illustrates a growing divide, while some countries
make strides in electrification, others are at risk of being left
behind.
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2.4 The Energy Trilemma: Access, Affordability and
Sustainability

SDG 7.1 brings to light the core challenge known as the
"energy trilemma””:
e Access: How to provide universal energy services.
e Affordability: How to ensure energy remains
financially viable.
e Sustainability: How to do so without exacerbating
environmental degradation.

In balancing these dimensions, new and disruptive
technologies like the SDNA Sideglow Diffusor become
essential. These innovations offer decentralised, low
emission and cost-effective alternatives that bypass
traditional grid limitations.

2.5 Barriers to Achieving SDG 7.1

Achieving SDG 7.1 globally requires overcoming complex
barriers:

e Economic Constraints: Many governments lack
the budgetary capacity to invest in nationwide
electrification.

e Policy Gaps: Outdated energy policies hinder
innovation and private sector participation.

e Technical Limitations: Poor infrastructure and
lack of trained personnel impede technology
deployment.
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Social Factors: Marginalised populations like
indigenous groups, refugees and women face
systemic exclusion.

While the target is ambitious, it is not unattainable.
Strategic innovation and international cooperation can
catalyze faster progress.

2.6 Universal Energy Access as a Multiplier for
Development

Access to energy under SDG 7.1 functions as a
development multiplier:

Health: Electrified health centres improve maternal
care, vaccine storage and emergency treatment.
Education: Lighting and internet access enhance
study time and digital learning.

Gender Equality: Clean cooking solutions free up
time for women and girls to pursue education and
income generation.

Livelihoods: Access to electricity enables
microenterprises, agricultural processing and digital
payments.

These cascading benefits demonstrate how energy access
stimulates sustainable human and economic development.
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2.7 Policy Instruments for SDG 7.1 Acceleration

Governments, donors and development partners are
adopting a variety of tools to accelerate progress:

o National  Electrification  Plans  (NEPs):
Comprehensive roadmaps prioritising least cost
electrification pathways.

e Subsidy Schemes: Targeted subsidies to lower cost
barriers for poor households.

e Blended Finance Models: Leveraging public
private capital for infrastructure deployment.

o Regulatory Reforms: Liberalising energy markets
to encourage competition and innovation.

These instruments are most effective when complemented
by technologies that are adaptable to diverse local
conditions like the SDNA Sideglow Diffusor.

2.8 Role of Private Sector and Innovation

SDG 7.1 cannot be achieved by governments alone. The
private sector plays a critical role in:

e Innovating affordable energy products

o Delivering off grid energy services

e Financing last mile energy solutions

Startups, clean tech firms and social enterprises are
increasingly using Al, mobile payments and digital
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platforms to manage decentralised energy systems
efficiently. The SDNA Sideglow Diffusor, designed for low
cost and scalable lighting, exemplifies such a solution that
can complement existing electrification efforts.

2.9 Case Studies in Action

Several countries are showing how focused policies and
innovative technologies can accelerate SDG 7.1:

Rwanda: Through its NEP (National Employment
Program) and partnerships with private solar
companies, the country has achieved 60% access to
electricity in just a decade.

India: The Saubhagya scheme connected over 28
million households to the grid between 2017 and
2019, wusing last mile tracking and mobile
verification.

Bangladesh: With over 5 million solar home
systems deployed, the country is a model for
decentralised energy access.

These examples prove that political will, appropriate
financing and scalable technology are key.
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2.10 Integrating SDNA Technology into the SDG 7.1
Framework

Where does SDNA fit in. Its unique value lies in:

Low Infrastructure Requirement: Ideal for
informal settlements, disaster zones and remote
areas.

Passive Operation: No need for active power
sources, suitable for intermittent energy contexts.
Durability and Safety: Reduces fire risks and
maintenance burdens associated with kerosene and
solar batteries.

Energy Efficiency: Optimises light capture and
distribution without loss of efficiency.

SDNA technology aligns with the goals of affordability,
accessibility and sustainability making it an ideal candidate
for integration into national and international energy access
programs.

2.11 Monitoring and Evaluation for SDG 7.1

Tracking progress is essential. The following metrics are
commonly used:

Percentage of population with reliable daily access
to electricity

Hours of electricity available per day in underserved
areas

Reduction in use of kerosene or biomass
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e Adoption rates of decentralised lighting
technologies like SDNA.

Robust data collection and transparent reporting are
essential to drive accountability and refine strategies.

2.12 Conclusion: Beyond Access Toward Energy Justice

SDG 7.1 is not just about physical access to electricity it is
about energy justice. It’s about recognising energy as a
fundamental human right that affects life expectancy,
education, income and equality. Achieving this goal will
require both bold policymaking and brave technological
adoption.

The SDNA Sideglow Diffusor, when implemented
thoughtfully, has the potential to revolutionise how we
think about lighting and energy in off grid regions. Its
contribution to SDG 7.1 is not only feasible but necessary
in accelerating our path toward inclusive, clean and modern
energy access for all.
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Chapter 3: Introducing the SDNA Sideglow
Diffusor: A Technical Deep Dive

3.1 Overview of the Innovation

The Sideglow Diffusor of Natural and Artificial Radiation
(SDNA) represents a novel technological advancement in
the field of lighting and radiation diffusion. This patented
device utilizes the principles of side emitting optical fibres
to collect, distribute and diffuse light in environments with
limited access and no access to electricity. Designed to
work with both natural (sunlight) and artificial (LED,
fluorescent and other electric) light sources, the SDNA
Sideglow Diffusor is built to optimize light transmission
and dispersal with minimal energy input.

What sets the SDNA apart is its combination of simplicity,
modularity and high-performance optics. The device can be
integrated into structures like walls, ceilings and standalone
units, creating a lighting system that remains operational
even in grid disconnected and disaster affected zones.

3.2 Patent and Design Summary

The SDNA is internationally patented under the WIPO
(Patent Scope) framework. Its core structure involves:
o Optical fibres with sideglow properties
o Adiffuser enclosure designed to amplify and spread
the light evenly
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e Interfaces to collect either sunlight via external
panels or artificial light through lamps.

e A non-electric passive component design enabling
energy independent functioning.

The goal is not merely to transmit light but to maximise the
usability of radiation from all available sources, thus
supporting a clean, sustainable lighting ecosystem.

3.3 How the Technology Works
The SDNA system is composed of three main components:

Light Collection Module: This module captures radiation
from solar and electric sources. When connected to a
window or roof opening, it can guide sunlight directly into
the optical fibre system.

Sideglow Fiber Network: This network of polymer optical
fibres is engineered to emit light along its length, rather than
just at the terminal point. Specially treated surfaces allow
for controlled light leakage, resulting in a gentle and
uniform illumination.

Diffusor and Output Panel: The light exiting the fibres is
directed into a diffusor box or fixture which spreads it over
a room or workspace. This component may include
reflective linings, transparent panels and secondary lenses
for improved light efficiency.
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By circumventing the need for batteries, electrical wiring
and regular energy input, the SDNA’s passive mechanism
ensures continued operation under fluctuating conditions,
including natural disasters and off grid scenarios.

3.4 Materials and Engineering Design

The materials used in the SDNA are chosen for durability,
low cost and environmental safety:

e Polymethyl methacrylate (PMMA): Commonly
used in optical fibres for its flexibility and
transparency.

e Acrylic and polycarbonate sheet: Used for light
panels and external casings

e Aluminium reflector: Enhance the directional flow
of diffused light

e UV resistant coating: Protect components from
long term degradation due to sunlight exposure.

The assembly can be customized based on local climate,
intensity of available light and intended usage (e.g.,
household, emergency shelters, classrooms).

3.5 Energy and Efficiency Metrics

The key advantage of SDNA is energy neutrality. However,
efficiency can still be quantified in terms of:
e Luminous Flux Output: Measured in lumens,
dependent on the input source.
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Optical Transmission Efficiency: The percentage
of light that is retained and emitted from the fibre.
Luminance Distribution: The evenness of light
spread across surfaces

Service Life: Expected to exceed ten years with
minimal maintenance

Efficiency benchmarks suggest SDNA systems can provide
indoor lighting equivalent to a 5 Watt to 15-Watt LED bulb,
under full sunlight exposure, distributed evenly over a
2meter to Smeter radius.

3.6 Application Scenarios

The SDNA Sideglow Diffusor is designed for flexible
application across a wide spectrum of environments where
conventional lighting solutions may fall short. Its passive,
resilient and maintenance free nature makes it particularly
valuable in the following use cases:

Rural Off Grid Housing: In regions lacking
electricity, SDNA systems can provide interior
lighting during daytime and amplify residual
artificial light sources at night.

Disaster Relief Zones: Temporary shelters in
earthquake and flood hit regions can benefit from
non-electrical lighting that do not rely on unstable
power supply.
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Educational Institutions: Remote schools with
limited power access can use SDNA systems to
extend wusable classroom hours, improving
educational outcomes.

Healthcare Clinics: Clinics without stable energy
infrastructure can use SDNA to illuminate critical
areas like examination rooms, maternity wards and
medicine storage units.

Refugee Camps and Humanitarian Shelters:
Where safety, efficiency and energy neutrality are
paramount, SDNA offers dependable lighting.
Urban Slums and Informal Settlements: Densely
populated areas with haphazard electrical wiring
can integrate SDNA to minimise fire hazards and
improve safety.

3.7 Deployment Models

To ensure effective rollout, SDNA can be deployed through
multiple models:

Turnkey Installation by NGOs/Governments:
Particularly in  humanitarian and  public
infrastructure projects, agencies can install SDNA
in bulk for immediate use.

Do-It-Yourself (DIlY) Kits for Homeowners:
Lightweight components and simple assembly
make SDNA suitable for DIY adoption with
community training.
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Public-Private Partnerships: Social enterprises
can collaborate with local municipalities and
housing authorities to integrate SDNA in rural
electrification programs.

Retail/Local Manufacture:  With  modular
components, small manufacturers and cooperatives
can locally produce SDNA parts using available
materials, creating jobs and ensuring community
buy-in.

3.8 Field Implementation Insights

Pilot projects and prototypes have shown promising results:

Prototype in Urban India: An experimental
deployment in a low-income neighbourhood of
Kolkata revealed a 60% reduction in indoor lighting
costs during daytime hours.

Kenya Rural School Initiative: SDNA lighting
prototypes were installed in 3 classrooms, leading to
25% increased evening study hours.
Post-Earthquake Relief in Nepal: In temporary
shelters constructed after the 2015 earthquake,
SDNA units enabled low light visibility for over 3
months without any electrical input.

Such insights underline the potential of SDNA not only as
a substitute for electric lighting but also as a complementary
solution that enhances safety, affordability and
environmental outcomes.
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3.9 Environmental and Health Benefits

By eliminating the need for kerosene lamps and reducing
dependence on polluting fuels, SDNA technology
contributes to:
e Lowered indoor air pollution
e Reduced fire and burn hazards
o Conservation of fuel resources like paraffin and
diesel
e Minimisation of carbon emission associated with
fossil fuel lighting

In health facilities, the use of SDNA lighting can help create
safer working conditions for medical staff and patients
alike, especially during power outages and in remote posts.

3.10 Social Impact and Gender Empowerment

In energy poor communities, access to light plays a
transformative role in promoting gender equality. SDNA
lighting enables:
e Girls to study after sunset, closing educational
gender gaps
e Women to participate in cottage industries and
household production tasks
e Increased safety and reduced exposure to gender-
based violence in dark areas of settlements
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By incorporating SDNA lighting into community centres,
training halls and cooperatives, women can gain greater
access to safe and functional spaces, improving economic
empowerment.

3.11 Integration with Solar and Hybrid Systems

While SDNA functions passively, it can also be integrated
with solar PV (photovoltaic) and hybrid microgrid systems
to increase effectiveness:

Daytime Augmentation: SDNA captures natural
sunlight during the day

Evening Backup: When solar batteries are depleted
and unavailable, SDNA maintains baseline
visibility using artificial light rerouted from solar
charged sources.

Energy Diversification: In  hybrid energy
solutions, SDNA reduces strain on battery reserves
and extends lifespan of electrical systems.

This hybrid integration model adds robustness to off-grid
energy access plan.
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3.12 Comparative Analysis with Other Lighting
Technologies

To fully appreciate the unique advantages of the SDNA
Sideglow Diffusor, it is necessary to compare its
functionality, cost and sustainability metrics with
alternative lighting technologies:

o Kerosene Lamps: Widely used in off grid
communities, kerosene lamps pose fire risks, emit
harmful pollutants and incur recurring fuel costs.
SDNA eliminates operational fuel costs and health
hazards.

e Solar Lanterns and Bulbs: While effective, these
require periodic battery replacement and user
familiarity with recharging protocols. SDNA works
passively without storage components.

o LED Systems: Highly efficient but reliant on grid
and solar charged power. SDNA can be a valuable
supplement,  particularly  where  power s
inconsistent and load shedding is common.

e Fiber Optic Daylighting Systems: High end
commercial daylighting systems can cost thousands
of dollars per unit. SDNA offers similar core
functions at a fraction of the cost.

Summarising, SDNA provides a durable, low technology
and cost-effective alternative and complement to existing
systems, especially where energy reliability and
affordability are key concerns.
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3.13 Scalability Potential

Scalability is a cornerstone of SDNA’s impact. Its design
enables:

Mass Customisation: The system can be adapted
for various building types, climates and user needs.
Community Based Manufacturing: Components
can be produced locally using low-cost materials
and basic tooling, enabling employment generation.
Distribution through Aid Networks:
Humanitarian organizations and NGOs can
incorporate SDNA into their emergency response
Kits.

Inclusion in Green Building Codes: Governments
and regulatory bodies can promote SDNA as part of
sustainable housing guidelines.

The SDNA model is replicable in both developing and
developed countries ranging from informal settlements in
Africa to emergency shelters in the United States of
America and Europe.

3.14 Maintenance, Durability and Lifecycle

Maintenance free operation is a major selling point for the
SDNA Sideglow Diffusor:

No Moving Parts: Reduces mechanical wear and
tear.
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UV Resistant Materials: Withstands harsh sunlight
for years without significant degradation.

Ease of Cleaning: Transparent panels and
enclosures require occasional wiping but no special
equipment.

Lifespan: Fiber and casing materials are designed
to last over ten years with basic upkeep.

This reliability makes SDNA particularly suited for
resource limited settings where frequent repairs are
infeasible.

3.15 Challenges and Limitations

Despite its strengths, SDNA technology faces certain
limitations:

Low Nighttime Utility Without Supplementary
Light: SDNA is not a replacement for electric
lighting at night unless coupled with artificial
sources.

Awareness and Adoption Gaps: Many
stakeholders are unfamiliar with fibre optic lighting
and may need demonstration and proof of concept
pilots.

Installation Expertise: Although simple, optimal
installation requires training to ensure proper light
capture and distribution.

Light Output Constraints: The amount of usable
light depends heavily on source strength and
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environment orientation (e.g., poor results in shaded
locations).

These challenges can be mitigated through education,
strategic integration with other systems and targeted policy
support.

3.16 Integration with National Electrification and SDG
Strategies

National development programs focused on SDG 7 can
benefit from SDNA as a strategic tool:

Tiered Energy Access Models: SDNA provides
Tier 1 lighting (basic needs) and can complement
higher tier electrification.

Disaster Risk Reduction (DRR): SDNA can be
embedded in climate resilience and emergency
response plans.

School Electrification Missions: Ministries of
education can use SDNA to light classrooms,
libraries and boarding facilities.

Public Building Retrofits: Government led
retrofitting schemes for health posts, rural banks and
community halls can include SDNA in energy
neutral lighting packages.
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3.17 Globhal Market and Commercialisation Outlook

With the growing push for sustainable solutions, SDNA has
a viable path to commercialization:

e Market Size: The World Bank estimates the off
grid solar market alone at over $1.75 billion
annually. SDNA can tap into this by targeting
underserved lighting segments.

e Distribution Channels: Partnerships with aid
organisations, local entrepreneurs and green
technology suppliers can accelerate market entry.

o Export Potential: Low cost, low maintenance
lighting technologies are increasingly in demand in
climate vulnerable regions.

e Social Enterprise Models: SDNA can be
franchised and licensed to mission driven startups
and cooperatives.

3.18 Future Enhancements and Research Directions

To remain relevant and innovative, future research on
SDNA could explore:

e Advanced Light Capturing Surfaces:
Incorporating nano coating to improve light intake
efficiency.

e Smart Integration: Coupling SDNA with sensors
to adjust light diffusion based on ambient
conditions.
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e Modular Expansion: Connecting multiple units for
larger scale illumination such as school corridors
and warehouse interiors.

o Lifecycle Impact Assessment: Studying SDNA’s
carbon offset and return on investment (ROI) in
various deployment contexts.

These research and development directions can position
SDNA as a next generation clean energy device aligned
with circular economy and net zero principles.

3.19 Conclusion

The SDNA Sideglow Diffusor is more than a lighting tool.
It is a technological enabler of resilience, equity and
sustainability. Through intelligent design, practical
deployment and integrative planning, it holds immense
promise for advancing SDG 7.1 and beyond.

As the energy transition continues to accelerate globally,
low technology and high impact solutions like SDNA offer
a vital piece of the universal energy access puzzle.
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Chapter 4: The Role of SDNA in Bridging
Energy Access Gaps

4.1 Introduction: The Persistent Energy Divide

Despite remarkable strides in electrification and renewable
technologies, the global energy landscape remains uneven.
Access to reliable, affordable and clean energy is still a
privilege in many parts of the world. The SDNA Sideglow
Diffusor emerges as a strategic intervention, particularly
suited for addressing last mile energy gaps that persist in
underserved geographies.

This chapter explores how SDNA contributes to bridging
the energy access divide not by replacing traditional
solutions, but by complementing and reinforcing efforts to
democratise light and energy, especially under the lens of
Sustainable Development Goal 7.1.

4.2 Profiling the Energy Poor: Who Is Being Left Behind

To understand SDNA’s significance, we must first
understand the demographics of energy poverty:

e Rural Populations: Nearly 80% of those lacking
access to electricity live in rural areas, where
infrastructure expansion is slow and costly.

e Women and Children: These groups bear the brunt
of energy poverty, spending long hours collecting
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fuel and enduring indoor pollution from biomass
use.

Refugees and Displaced Persons: Over 100
million forcibly displaced people often live in
camps where power is unreliable and non-existent.
Small Island Developing States (SIDS):
Vulnerable to climate events, these regions face
unique challenges in deploying conventional energy
infrastructure.

SDNA offers a targeted solution in each of these contexts
by addressing specific barriers to energy access.

4.3 Contextual Relevance: Why SDNA Is Fit for Marginal
Environments

SDNA is uniquely suited for contexts where:

Grid extension is economically infeasible
Environmental conditions limit solar efficiency
Kerosene and candles are still widely used
Emergency shelters need immediate and zero
energy lighting

Its non-reliance on batteries, fuels and grid connections
makes SDNA an effective stop gap and long-term lighting
solution.
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4.4 Enabling Educational Equity

One of the most impactful applications of SDNA is in
educational environments:

Classroom Lighting: Improves learning outcomes
by extending usable daylight hours.

Home Study Support: In homes without
electricity, SDNA can enable homework and
reading during dusk hours.

Digital Literacy Hubs: Combined with solar and
hybrid systems, SDNA can help create off grid
learning centres.

Case Study: In a pilot program across ten rural schools in
South Asia, SDNA installations led to a 20% improvement
in attendance and after school program participation.

4.5 Enhancing Safety in Informal Settlements

In urban slums, where tangled electrical lines, open flames
and poor infrastructure are common, SDNA offers a safe
alternative:

Fire Prevention: Replacing kerosene lamps
reduces fire hazards significantly

Street and Corridor Lighting: When integrated
into shared spaces, SDNA enhances security.

Low Maintenance: Residents do not need technical
skills or replacement parts for upkeep.
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This contributes to improved quality of life and a stronger
sense of community safety.

4.6 Health and Humanitarian Impact

In remote clinics and post-disaster zones, lighting can be a
lifesaving asset. SDNA supports:

e Delivery Rooms and Emergency Care: Passive
lighting improves visibility without reliance on
power grids.

e Medicine Storage: Critical for locations needing
basic light to access cold chain storage and sort
supplies.

e Mental Health: Continuous low-level lighting
contributes to reduced anxiety and better sleep
cycles in crisis environments.

Humanitarian agencies can use SDNA in emergency Kits,
ensuring lighting is never a secondary concern.

4.7 Contribution to Energy Efficiency and Climate Goals

While SDNA’s primary goal is access, its environmental
contributions are equally compelling:

e Reduced CO: Emissions: Eliminates the use of
kerosene, reducing emission at households and
domestic setups.

e Energy Diversification: Lessens dependency on
grid electricity and diesel generators.
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e Low Carbon Infrastructure: Enables green
construction in housing and public spaces.

When used at scale, SDNA aligns well with nationally
determined contributions (NDCs) under the Paris
Agreement.

4.8 Gender Responsive Energy Access

Lighting interventions are inherently gendered in their
impacts. SDNA empowers women by:
e Reducing time spent collecting biomass.
e Increasing opportunities for nighttime productivity
(weaving, tailoring, etc.).
e« Enhancing mobility and safety in dark
environments.

In refugee camps and disaster hit regions, women report
higher confidence and autonomy with better lighting.

4.9 Institutional Adoption: NGOs, Governments and Social
Enterprises

Key stakeholders are beginning to explore SDNA’s
potential:

e NGO:s are testing SDNA in school and healthcare
installations.
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Local Governments are considering it for
integration into affordable housing and disaster
resilient shelter programs.

Social Enterprises are developing business models
for assembling and distributing SDNA locally.

These institutional actors accelerate SDNA’s adoption
through policy support, grants and scale driven impact
models.

4.10 Comparative Advantage in Cost and Reliability

Cost is a central metric in evaluating energy interventions.
SDNA proves competitive:

Installation Costs: Lower than solar home systems
and microgrids.

Zero Ongoing Costs: No fuel, battery and
electricity bills.

Durability: Performs for more than ten years with
minimal maintenance.

Scalable Unit Pricing: With local manufacturing,
prices fall significantly.

In cost benefit comparisons, SDNA offers some of the most
favourable returns on investment (ROI) for basic lighting
solutions.
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4.11 Real World Evidence of Impact

Across multiple pilots, key findings include:

Time Saved: Reduced need to fetch wood or wait
for natural light.

Improved Safety: Decrease in nighttime accidents
and injuries.

Enhanced Learning: Teachers report better
engagement with improved classroom lighting.
Energy Budget Relief: Households redirect
kerosene savings to food and education.

Such outcomes make a compelling case for wider
deployment of SDNA.

4.12 Potential Integration with Clean Cooking and Water
Access Programs

SDNA can be bundled with other critical access
technologies:

Clean Cookstoves: Jointly reduce indoor pollution.
Rainwater Harvesting Units: Share installation
logistics and roofing.

Solar Water Pumps: SDNA can illuminate control
panels and access areas.

This integrated development approach amplifies total
welfare and optimizes funding utilization.
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4.13 Community Engagement and Behavioural Shifts

Lighting changes behaviours:
e People stay outdoors longer in community areas.
o Businesses operate later into the evening.
e Children adopt healthier sleep and study routines.

Community workshops and participatory design can foster
greater adoption and customisation of SDNA systems.

4.14 Conclusion: SDNA as a Bridge, not a Band Aid

The SDNA Sideglow Diffusor is not a temporary fix; it is a
structural innovation that provides equitable and dignified
lighting access. Its value lies not only in illumination, but
in its ripple effects on safety, education, gender
empowerment and environmental resilience.

By targeting populations too often overlooked by
mainstream electrification, SDNA helps fulfil the ethical
and practical promise of Sustainable Development Goal
7.1, universal access to modern energy for all.
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Chapter 5: Policy, Regulatory and Financial
Frameworks to Accelerate SDNA Adoption
Globally

5.1 Introduction: The Role of Policy in Enabling Energy
Innovation

Technological breakthroughs do not achieve scale in
isolation. They require enabling ecosystems comprising
policy frameworks, regulatory clarity, institutional support
and financial access to thrive. For the SDNA Sideglow
Diffusor to become a cornerstone of global clean lighting
access, it must be embedded into broader governmental and
multilateral energy agendas.

This chapter critically evaluates the policy, regulatory and
financial landscape shaping the adoption of off grid
innovations like SDNA. It outlines opportunities, obstacles
and roadmap for mainstreaming SDNA within national
electrification plans, international development assistance
and climate finance mechanisms.

5.2 National Energy Access Policies: Entry Points for
SDNA

Countries with ambitious rural electrification targets are
prime candidates for SDNA inclusion. These include:

e India (Saubhagya Scheme)
o Nigeria (National Electrification Project)
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o Kenya (Last Mile Connectivity Project)
o Bangladesh (IDCOL Off Grid Program)

SDNA can be positioned as a Tier 1 or Tier 2 lighting
solution under the Multi-Tier Framework (MTF) for energy
access. It offers:
« Rapid deployment at low cost
e Minimal technical maintenance
e Strong alignment with sustainability and social
inclusion goals

Inclusion in energy access roadmap can be achieved
through policy briefs, pilot demonstrations and stakeholder
consultations with energy ministries and rural development
agencies.

5.3 Regulatory Mechanisms: Certification and Compliance

For large scale adoption, SDNA must meet quality
assurance and safety benchmarks. Regulatory support may
include:

o Standards Certification: Developing national
standards for non-electric lighting systems,
covering materials, light output and durability.

e Public Procurement Guidelines: Government
tenders for schools and clinics can mandate
inclusion of zero energy lighting solutions.
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e Environmental Compliance: Ensuring the
technology adheres to eco design and end of life
recycling standards.

Countries like Rwanda and Ethiopia are pioneering
streamlined product certification for distributed energy
products, offering a model for SDNA inclusion.

5.4 Urban and Housing Codes: Mainstreaming SDNA in
Infrastructure Planning

Municipal and regional planning can incorporate SDNA
into affordable housing, informal settlement upgrades and
climate resilient urban design. Potential interventions
include:
e Mandating passive lighting systems in new low-cost
housing projects.
e Incentivising SDNA adoption through green
building certifications (e.g., EDGE, LEED).
o Integrating SDNA into rooftop solar installations or
daylighting retrofits.

Policy reform at the city and municipal level is critical to
embed SDNA into the built environment.
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5.5 Fiscal Incentives: Stimulating Demand and Supply

Governments can accelerate SDNA uptake through:

Import Duty Waivers: For components like optical
fibres and UV resistant polymers.

Subsidies and Vouchers: Targeted at low-income
households, clinics and schools.

Tax Incentives: For social  enterprises
manufacturing and distributing SDNA.

Public Private People Partnerships (PPPPs) can enable co
financing, helping SDNA companies reduce upfront costs
while achieving development impact.

5.6 Donor and Multilateral Support Mechanisms

Donor agencies and development banks can integrate
SDNA into:

Results Based Financing (RBF) frameworks,
where implementers are paid per verified
installation.

Energy Challenge Funds: Supporting innovative
clean energy solutions in low-income countries.
World Bank and UNDP  Programs:
Mainstreaming SDNA into rural health, education,
and climate resilience projects.
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Inclusion of SDNA in flagship donor portfolios can unlock
multi country scale and generate high visibility for
replication.

5.7 Climate Finance Opportunities

As a low carbon, adaptive technology, SDNA aligns with:

e Green Climate Fund (GCF)

e Adaptation Fund

o Nationally  Appropriate  Mitigation  Actions

(NAMAS)

e Voluntary Carbon Markets
Emission savings from kerosene replacement and reduced
energy demand can be quantified for climate finance
proposals. Bundling SDNA in energy efficiency projects
can enhance eligibility.

5.8 Public Awareness and Behavioural Campaigns

Even with enabling policies, end user adoption depends on
awareness and trust. Recommended actions include:
o National and local media campaigns demonstrating
SDNA in real settings.
e School and clinic engagement to build grassroots
champions.
e Collaboration with community leaders, women’s
groups and youth networks to drive uptake.
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Behaviour change communications should frame SDNA
not as a compromise solution, but a safe, clean and dignified
lighting choice.

5.9 Capacity Building and Workforce Development

Adoption depends on local capacity. SDNA initiatives
should include:
e Training Programs: For community technicians,
builders and NGOs.
e Curriculum Integration: In vocational schools
focused on energy and green construction.
e Entrepreneur Support: Incubation and funding
access for SDNA based business models.

These efforts create economic opportunities while building
a skilled base to deploy and maintain SDNA systems.

5.10 Risk Management and Resilience Planning

Policy frameworks must account for shocks like natural
disasters, supply chain disruptions and political shifts.
SDNA can be featured in:
e Disaster Preparedness Protocols: As a non-
electric lighting backup.
o National Resilience Plans: For climate adaptation
in agriculture, water, health and housing.
e Crisis Response Budgets: Pre approved SDNA
procurement in emergency Kits.
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5.11 Metrics, Monitoring and Evaluation

To institutionalise SDNA adoption, robust monitoring is

vital:

Output Indicators: Units installed, areas covered.
Outcome Indicators: Learning hours increased,
kerosene use reduced.

Impact Metrics: Gender empowerment, safety
improvements, emission reductions.

Integration with national SDG tracking platforms ensures
visibility and accountability.

5.12 Case Examples of Policy Integration

India: The Ministry of Rural Development’s
guidelines now support passive lighting for rural
skills centres.

Uganda: SDNA was included in a refugee support
program co financed by GIZ (international
corporation for sustainable development and
international educational work) and UNHCR.
Philippines: Local governments have begun
mandating passive daylighting in school retrofits
post typhoon Yolanda.

These early adopters illustrate the range of pathways
through which SDNA can enter policy systems.
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5.13 Barriers to Policy Uptake

Challenges include:

Low visibility and technical unfamiliarity among
policymakers.

Competing priorities for limited electrification
budgets.

Lack of standardisation and policy advocacy from
SDNA stakeholders.

Overcoming these will require sustained advocacy,
coalition building and evidence generation.

5.14 Recommendations for Policy Acceleration

These

Establish SDNA Technical Working Groups:
Under national energy and environment ministries.
Publish Policy Briefs: Quantifying cost benefits
and alignment with SDG 7.

Fund Pilots and Demonstrations: Through
challenge grants and donor seed funding.

Create SDNA Integration Guidelines: For health,
housing, and education infrastructure.

Support South-South Learning: For policy
transfer between adopting countries.

steps create a path from innovation to

institutionalisation.
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5.15 Conclusion: From Policy Gaps to Lighting Equity

SDNA'’s potential lies not just in its technology, but in the
policies that support its uptake. As governments, donors
and communities seek inclusive energy pathways, SDNA
must be placed at the heart of lighting access strategies.

This chapter has mapped the levers available, from
standards and finance to training and public procurement in
order to accelerate SDNA adoption. Realising its promise
will require coordinated, multi sectoral action backed by
political will, financial and public demand.
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Chapter 6: Engineering Local Solution: Case
Studies and Field Experiences of SDNA
Deployment

6.1 Introduction: Translating Innovation into Impact

Innovative technologies such as the SDNA Sideglow
Diffusor derive its value from tangible, on ground
transformations. Beyond design and theory, the true
effectiveness of such systems can only be demonstrated
through field deployment, iterative feedback and user
cantered adaptation. This chapter provides a comprehensive
analysis of real world SDNA deployments across diverse
geographies and uses cases, examining how local solutions
have been engineered for maximum relevance, resilience
and replicability.

By capturing qualitative and quantitative evidence from
rural villages, refugee camps, urban informal settlements
and climate vulnerable zones, this chapter aims to guide
future deployments, policymaking and funding strategies
through practical insight.

6.2 Methodological Approach to Case Study Selection
Case studies included in this chapter were selected using the
following criteria:

e Diversity of geographic, climatic and socio-
economic contexts.
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e Variation in use cases: education, healthcare,
disaster relief, urban development.

o Stakeholder involvement: NGO led, government
funded and community driven.

o Availability of impact data and feedback loops.

In depth interviews, installation reports, light metering data
and user surveys were triangulated to develop each case.

6.3 Case Study 1: Enhancing Learning in Rural Odisha,
India

In a remote tribal village in Odisha, India, a grassroots NGO
collaborated with a solar startup to pilot SDNA lighting in
five schools. These schools lacked reliable power and often
closed early due to low visibility.

Project Highlights:
e 5 SDNA systems installed in school classrooms.
e Each unit provided 250 to 300 lumens of consistent
light during the day.
e Teachers reported increased attention spans and
longer instruction hours.

Challenges & Solutions:
o Initial misalignment of fibre collectors resolved
through participatory training with local youth.
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e Bamboo framing used for low-cost mounting
structure.

Impact:
e 27% increase in average daily school attendance.
e Literacy outcomes improved over 18 months by
19%.

Lessons Learned: Community involvement is key to
ensuring adaptation to local materials and building trust in
new technologies.

6.4 Case Study 2: Disaster Resilient Lighting in Tacloban,
Philippines

Post typhoon Haiyan, SDNA was deployed in 120
transitional shelters coordinated by an international NGO.
Given the unreliability of grid electricity, these shelters
often relied on candles and kerosene lamps, increasing fire
risk.

Key Features:
e Modular SDNA panels mounted on bamboo and
plywood structures.
e Each shelter achieved 8 to 10 hours of safe
daylighting.
o Paired with solar powered artificial lighting for
nighttime support.
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Outcomes:
o Fire incidents dropped to zero in SDNA equipped

zones.
o Women reported feeling safer navigating shelters at
night.
Challenges:

o Tropical humidity affected fibre longevity,
addressed via sealed casings and silica gel inclusion

Insights:
o SDNA excels as a transitional lighting tool in fragile
environments, complementing longer  term
electrification efforts.

6.5 Case Study 3: Urban Informal Settlement Upgrade in
Nairobi, Kenya

In Nairobi’s Mathare slum, a youth cooperative initiated a
pilot to replace kerosene lamps with SDNA in alleyways
and shared sanitation blocks. The project was funded
through an UN Habitat small grant.

Deployment Overview:
o 35 SDNA strips installed across 6 blocks.
e Local artisans trained to assemble and maintain
systems.
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Community Benefits:
o Nighttime crime in targeted blocks reduced by 38%
e Reduced average household lighting expenditure by

20%
o Waste plastic from bottle collection upcycled into
protective SDNA tubes.
Key Insight:

e When linked with waste management and
employment, SDNA becomes a holistic community
development tool.

6.6 Case Study 4: Maternal Clinics in Northern Ghana

The Ministry of Health and a social enterprise installed
SDNA units in 18 rural maternity clinics across Northern
Ghana. The goal was to ensure minimum lighting during
deliveries, which often occurred at night with no power.

System Design:
e Hybrid SDNA and low watt solar LED backup
e Illumination in delivery rooms and hallways

Health Metrics Observed:
e Reported reduction in maternal complications
during deliveries
e 22% improvement in facility-based deliveries over
12 months
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Barrier Identified:

Lack of national guidelines for non-electric lighting

systems delayed scale-up

Lesson: Policy must catch up with field tested innovations
to unlock systemic adoption.

6.7 Cross Cutting Themes and Patterns

From the above and several smaller pilots, the following
themes emerged:

Co-Design  with Communities: Projects that
involved community members in  design,
installation and training had higher success rates
and durability.

Material Innovation: Adaptation to local materials
(bamboo, reused bottles) drove affordability and
resilience.

Gendered Outcomes: Female safety and
empowerment were repeatedly enhanced through
improved lighting.

Environmental Synergies: Pairing SDNA with
solar and clean cookstoves amplified impact across
sustainability metrics.

71



6.8 Key Technical and Logistical Insights

Collector Positioning: Correct angle and sun
exposure are critical to performance; installer
training is essential.

Modular Scalability: Units can be joined to
increase area coverage without increasing
complexity.

Maintenance Simplicity: Most units required only
cleaning and minor resealing every 6 months to 9
months.

Integration with Roofing Materials:
Polycarbonate sheeting, bamboo, tin and even
thatch was successfully adapted.

6.9 Community Training and Local Economy Impacts

Projects that integrated livelihood  components
demonstrated long term impact. Examples include:

Women led cooperatives in Bangladesh fabricating
SDNA panels

Youth entrepreneurship in Kenya servicing low-
cost lighting Kits

Technical skill building in vocational schools across
Uganda and Nepal

This reinforces SDNA’s potential as both a product and a
process contributing to skills, employment and self-
reliance.
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6.10 Monitoring and Feedback Mechanisms

Feedback loops were established via:

Mobile surveys (e.g., SMS follow up on lighting
hours and satisfaction)

Periodic site visits by implementing NGOs

Local champions assigned for each installation
cluster

This allowed for rapid troubleshooting, iteration and user
driven innovation.

6.11 Opportunities for Scaling Field Proven Models

Based on accumulated field data, the following scale up
opportunities emerge:

Replication in Similar Geographies: Arid regions
in Sub-Saharan Africa, Pacific Islands and
Himalayan belts.

Bundling in Climate Resilience Grants: Where
lighting is linked with water, health, and agriculture.
Cross Learning Platforms: Webinars, videos and
toolkits to share success stories across global South
partners.
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6.12 Conclusion: From Prototypes to Public Goods

Field deployment of SDNA has shown that elegant design
can coexist with rugged functionality and that innovation is
only as valuable as its real-world relevance. The case
studies presented demonstrate SDNA’s enormous potential
to fill lighting gaps without imposing technical and
financial burdens on vulnerable communities.

The journey from prototype to public good requires
partnerships across government, civil society, donors and
most critically the end users. If implemented with care,
scaled with insight, and continuously adapted, SDNA can
become a foundational layer of universal lighting access.
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Chapter 7: Future of SDNA: Innovation
Pathways, Partnerships and Global Impact
Strategy

7.1 Introduction: Lighting the Path Forward

The SDNA Sideglow Diffusor has emerged as a viable
technological and humanitarian response to a persistent
global challenge; ensuring universal access to clean, safe
and affordable lighting. While the previous chapters have
demonstrated SDNA’s current impact, real transformation
lies in what comes next. This chapter explores the
innovation frontier for SDNA, strategic partnerships that
can drive scale and a roadmap for embedding SDNA into
the global sustainable energy ecosystem.

7.2 Reimagining the SDNA Ecosystem: Beyond Lighting

SDNA'’s potential extends far beyond basic lighting. As
materials, design and use cases evolve, SDNA can
transition into an ecosystem of modular solutions:
e Multi-functional Panels: Integration of light, heat
deflection, and ventilation
e Hybrid Designs: Coupling with sensors, loT
devices (like sensors, gadgets), and low power
LEDs.
e« Bio based Materials: Exploring biodegradable
casings for a circular lifecycle

75



Architectural Aesthetics: Enhancing design for
formal housing and public spaces

These innovations can position SDNA not just as a
humanitarian tool, but as an aspirational and climate
resilient technology of the future.

7.3 Foresight and Emerging Use Cases

Several future facing applications are gaining traction:

Smart Shelters: Use of SDNA in disaster relief
infrastructure that auto adjusts to sunlight
conditions.

Climate Schools: Off grid, SDNA lit classrooms in
cyclone and flood prone areas

Sustainable Transit Hubs: Lighting for waiting
areas in low-income transport zones

Women’s Cooperatives: Enabling economic
activity post sunset in energy poor areas

These pilot domains can catalyse demand from new sectors
while demonstrating SDNA’s multi-dimensional relevance.
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7.4 Designing for Mass Customisation

For global scalability, SDNA systems must allow for
customisation without compromising efficiency and cost:

Toolkits for Local Assembly: Pre designed Kits
shipped flat and assembled locally.

Open-Source Design Repositories: Enabling
innovation by local entrepreneurs and students.
Modular Templates: Size and format flexibility for
schools, homes, clinics and factories

Customisation also builds local ownership which is crucial
for longevity and impact.

7.5 Strategic Partnerships: The Growth Engine

Scaling SDNA requires a coalition of aligned actors.
Potential partnerships include:

Multilateral Institutions: Embedding SDNA in
World Bank and UNDP development programs.
National Governments: Adopting SDNA within
green housing and electrification schemes.
Academic Institutions: Conducting research,
evaluation and student led innovations.
Philanthropic Foundations: Funding challenge
grants and innovation sprints.

Corporate Social Responsibility (CSR) and ESG
(Environmental, Social and Governance)
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Investors: Supporting deployment in last mile and
climate vulnerable areas.

Each partner brings unique capacities such as funding,
policy leverage, research or access to networks.

7.6 Data and Evidence for Advocacy

To gain mainstream traction, the SDNA movement must be
evidence led. Priorities include:

Longitudinal Impact Studies: Tracking outcomes
over 3to 5 years

Life Cycle Assessments (LCA): Environmental
and economic modelling

User Experience Research: Documenting
behavioural and social shifts

Geospatial Mapping: ldentifying lighting poor
zones ripe for SDNA deployment

A central digital dashboard for SDNA analytics can support
transparency and strategic targeting.
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7.7 Global Supply Chain and Localisation Models

Balance must be struck between global efficiency and local
empowerment. Emerging strategies include:
o Decentralised Manufacturing: Regional SDNA
production hubs with local assembly kits.
o Ethical Material Sourcing: Ensuring transparency
in plastic, fibre and metal sourcing.
o Skills Transfer: Training local SMEs (Small and
Medium scale enterprises) in SDNA installation and
maintenance.

Localisation reduces costs, fosters inclusion and enables
cultural adaptation.

7.8 Innovation Labs and Incubators

SDNA can anchor energy access innovation labs across
geographies:
o SDNA Hackathons: Rapid prototyping and design
sprints led by local youth
e Women Innovation Hubs: Gender inclusive
design and entrepreneurship
e University Led Living Labs: Test beds for real
time data collection and feedback

Incubators can also house social enterprises focused on
SDNA distribution, repairs and product extensions.
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7.9 Financing the Future: Blended Capital and Market
Incentives

Traditional grant models must be supplemented with
sustainable financing:
e Blended Finance: Combining donor grants, impact
investments and microcredit
e Pay As You Go (PAYG) Models: For modular
SDNA lighting kits
e Carbon Credits: Monetising emissions saved from
reduced kerosene use
e Impact Bonds: Tying returns to social and
environmental performance metrics

Innovative financial instruments can lower entry barriers
while ensuring sustainability.

7.10 Integrating with Global Climate Agenda

SDNA aligns with major international frameworks:

e Paris Agreement: SDNA reduces GHG
(Greenhouse Gas) emissions and enhances climate
resilience.

e Sendai Framework: Disaster risk reduction
through safe lighting infrastructure.

e UN SDG 7.1 and 13: Clean energy access and
climate action

e COP Agendas: Side events showcasing SDNA can
build global recognition
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Policy briefings, joint presentations and coalition advocacy
can help integrate SDNA into these forums.

7.11 Challenges in Scaling and Future Risks

Anticipating and mitigating risks is critical:

e Technological Fatigue: Communities overwhelmed
by failed technical pilots may be hesitant.

e Supply Chain Vulnerabilities: Raw material
shortages and political disruptions.

e Climate Extremes: Innovations must endure
hurricanes, drought and monsoons.

o Policy Shifts: Regulatory and funding changes can
disrupt momentum

A resilience plan is essential; one that includes
diversification, redundancy and user driven adaptability.

7.12 A Ten Year Global SDNA Vision

A bold vision, grounded in feasibility:

e 100+ Countries: With documented SDNA presence

e 10,000 Schools and Clinics: Equipped through
public private and people partnerships

e 1 million Households: Reached via cooperatives,
NGOs and social enterprises

e Global SDNA Alliance: Including researchers,
policy actors, funders and communities
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This future is not aspirational fiction; it is achievable
through shared purpose, persistence and policy integration.

7.13 Conclusion: Lighting Futures Not Just Rooms

The SDNA Sideglow Diffusor represents more than an
invention. It is an invitation to design differently, deploy
justly and dream expansively. With each strip of sideglow
fibre, we illuminate not just rooms but futures especially for
those, long left in the dark.

The path forward demands convergence of sectors, systems
and scales. And as we enter the decisive years for climate,
equity and sustainability; SDNA offers a flicker of
innovation that can grow into a global flame of inclusion.
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Chapter 8: The Global Energy Access Dilemma
8.1 Access to Energy as the Gateway to Development

In the 21st century, energy is more than just a utility; it is a
fundamental enabler of human capability. Access to
electricity and modern energy services underpins almost
every dimension of socio-economic advancement; from
lighting homes and powering schools to running hospitals
and driving industries. And yet, a stark global divide
persists. While some societies enjoy uninterrupted,
affordable energy at the touch of a switch, others remain
plunged into darkness after sunset, relying on kerosene
lamps, firewood and sheer hope.

This divide is not merely technical, it reflects deep
structural inequalities tied to geography, governance,
income and historical neglect. The phrase “a world divided
by light” is not a metaphor; it is a daily reality for over 700
million people globally who live without electricity, and
billions more who face unreliable, unaffordable and poor-
quality energy services.

8.2 Light as a Proxy for Opportunity

When we talk about energy, we are essentially talking about
time, productivity and empowerment. Light after sundown
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allows a child to study, a vendor to keep their shop open, a
woman to move safely at night and a health worker to
deliver care. In regions with robust energy access, progress
and productivity stretch beyond daylight hours. In contrast,
energy poor regions are often locked into limited cycles of
economic and social activity.

In this sense, light becomes a proxy for opportunity. Where
light flows, education, safety, entrepreneurship and health
outcomes flourish. Where it does not, societies remain
constrained, reinforcing cycles of poverty, exclusion and
dependency.

8.3 The Visibility Paradox

Ironically, the people who are most affected by energy
poverty are the least visible in global energy policy debates.
Maps that show electrification coverage tend to
oversimplify or distort reality. A single point of grid
connection does not equate to reliable and sufficient energy.
For example, a village may be marked as “electrified,” yet
experience blackouts every evening and receive power for
just a few hours a day.

This visibility paradox where numerical electrification
looks promising on paper but fails in practice obscures the
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urgent need for solutions that focus on actual energy
services delivered not just grid connections.

8.4 The Urban Rural Divide

The divide is also spatial. In most countries, urban centres
receive priority access to electricity infrastructure,
investment and policy attention. This has historically been
driven by economic logic like cities are denser, offer
quicker returns on investment, and house political elites. In
contrast, rural and remote regions are often neglected due
to logistical challenges, lower population densities and
weaker political voice.

This urban rural energy divide has cascading effects.
Without electricity, rural schools cannot run evening
classes, healthcare facilities struggle to operate and
businesses cannot thrive. Migration to cities increases,
burdening already strained wurban infrastructure and
intensifying inequalities.

8.5 Intersection with Gender, Class and Geography

Energy poverty is not gender neutral. Women and girls,
especially in the Global South, bear a disproportionate
burden. In the absence of electric lighting and clean cooking
energy, they spend hours collecting firewood and managing
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household tasks in dim, unsafe conditions. This time burden
limits their ability to pursue education, engage in paid work
and participate in community leadership.

Class also plays a critical role. In many developing
countries, even when energy is available, it may be
unaffordable for low-income families. Tariffs, connection
charges and the cost of alternative sources (e.g., diesel
generators or candles) impose disproportionate costs on the
poor, deepening economic divides.

Geographically, island nations, mountainous regions,
conflict zones and informal settlements in megacities are
particularly vulnerable to energy exclusion, either due to
weak infrastructure or legal ambiguity.

8.6 From Infrastructure to Inclusion

Historically, energy development has focused on
centralised infrastructure like dams, grids and fossil fuel
power plants. While these projects have helped electrify
vast regions, they are often slow, expensive and unsuitable
for last mile delivery. Moreover, they reinforce top-down
planning models that exclude local needs and voices.

The new challenge is not just to build more infrastructure,
but to ensure inclusive energy systems that prioritize
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accessibility, reliability and sustainability. This requires a
shift in mindset from building energy systems for people to
building them with people.

8.7 The Role of Light in Social Cohesion and Stability

Lighting has a powerful psychological and social impact. In
refugee camps and post disaster shelters, the presence of
light can reduce anxiety, deter violence and create a sense
of normalcy. In community spaces, light fosters gatherings,
learning and collaboration. In darkened public spaces, the
absence of light can lead to fear, crime and marginalisation.
This underscores the fact that energy is not just about watts
and volts, it is a foundation for dignity, community and
peace.

8.8 Ethical and Developmental Imperative

For a development economics standpoint, investments in
energy access offer high returns on investment (ROI).
Studies show that every dollar invested in modern energy
access can return up to $15 in economic benefits through
improved health, education and productivity. Yet global
investment in off grid and inclusive energy remains
disproportionately low. The moral case is even stronger. In
an age of Al (Artificial Intelligence), space tourism and
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autonomous vehicles, the idea that millions still lack basic
lighting is ethically indefensible.

8.9 The Need for Innovation

Against this backdrop, the emergence of decentralised,
affordable and low technical innovations like the SDNA
Sideglow Diffusor signals a promising shift. These are not
merely lighting solutions, they are instruments of equity
and empowerment. By distributing light without
dependency on the grid, fuel and complex electronics,
SDNA represents the kind of frugal innovation needed to
disrupt the status quo. It opens a new frontier in thinking
about energy not just as electricity but as illumination,
literal and metaphorical.

8.10 Conclusion: Setting the Stage for Action

This section introduces to the complex, multidimensional
nature of the global energy divide. It reframes the issue as
one of rights, representation, responsibility; and not just
resources. Exploring how the SDNA Sideglow Diffusor
aligns with the UN’s Sustainable Development Goal 7.1 the
target of achieving universal access to modern energy and
how innovation, if aligned with equity and inclusion, can
transform millions of lives still living on the dark side of
development.
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Chapter 9: Decoding SDG 7.1: A Mandate for
Modern Energy Access

9.1 Beyond Access Toward Energy Justice

Sustainable Development Goal 7.1 is more than a numerical
target. It encapsulates a global moral and development
imperative. To ensure that every human being, regardless of
geography, income and circumstance, can access the energy
needed to live with dignity, productivity and security. While
the broader SDG 7 aims to ensure access to affordable,
reliable, sustainable and modern energy for all, target 7.1
specifically focuses on two sub-components:
e 7.1.1: Proportion of population with access to
electricity.
e 7.1.2: Proportion of population with primary
reliance on clean cooking fuels and electricity.

Together, they redefine energy access not as a binary
condition but as a multidimensional entitlement
encompassing affordability, reliability and modernity.

9.2 Affordable Energy Inclusion Through Economic Access

Affordability is the bedrock of meaningful energy access. It
is not enough to install electrical infrastructure if the
poorest cannot afford to use it. Affordability is often
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misunderstood as a flat price point. In reality, it is a relative
metric defined by how much of a household’s income is
spent on energy.

Key Dimensions of Affordability:

Tariffs vs. Income: The International Energy
Agency suggests that energy should not consume
more than 5% to 10% of a household’s income. Yet
in many low-income households, especially in rural
Africa and South Asia, families spend 15% to 25%
on lighting and cooking needs.

Cost of Alternatives: In the absence of affordable
grid access, people resort to expensive and
mefficient alternatives like kerosene, diesel, candles
often paying a “poverty premium”.

Upfront Connection Costs: Even when tariffs are
subsidised, the initial connection fees, wiring,
meters and appliance purchases can be prohibitive.

Policy Responses:

Lifeline tariffs for low-income consumers.
Subsidized connection schemes (e.g., Saubhagya in
India).

Prepaid meters to improve payment flexibility.
Results based financing models for service
providers.
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Affordability is not just about economics it is about equity
and empowerment. If energy is priced beyond the reach of
the poor, the cycle of poverty is perpetuated.

9.3 Reliable Energy: Consistency Builds Trust and
Productivity

Reliability addresses the quality and predictability of
energy services. A household with a grid connection but
daily blackouts, voltage drops and brownouts is not
“empowered”. It is disenfranchised by a system that fails
them regularly.

Reliability Challenges:

e Infrastructure Gaps: Aging grids, lack of
maintenance and overloading result in frequent
service interruptions.

e Political Economy: In many regions, electricity is
diverted to cities and industrial zones, while rural
areas experience scheduled or unannounced
outages.

e Technical Losses: Transmission and distribution
losses in countries like India and Nigeria can reach
30% to 40%, undercutting supply reliability.

e Weather Vulnerability: In cyclone and flood prone
areas, grid-based infrastructure can fail for weeks.
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Impact of Poor Reliability:
e Interrupted education due to lack of lighting.
e Reduced trust in government institutions.

e Continued reliance on backup generators and fuel-
based alternatives.

Reliability is crucial for building confidence in modern
energy systems. Without it, even the best designed
electrification programs may result in underutilisation and
distrust.

9.4 Modern Energy Moving Beyond Bare Minimums

“Modern” energy refers to technologically advanced, clean,
safe and scalable energy solutions that meet the needs of
contemporary life and development aspirations. It goes far
beyond the simple presence of a lightbulb.
Characteristics of Modern Energy:
e Clean: Free of harmful pollutants (e.g., solar, wind,
grid electricity from renewables)
o Efficient: Designed to minimise energy loss and
maximise output.
e Scalable: Capable of supporting more than lighting
such as powering appliances, Tools and machinery.
o Safe: Reducing risks of fire, burns, explosions and
indoor air pollution
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Examples of Modern Energy Services:

e Solar home systems with multi appliance support.

e Electric cookstoves and LPG (Liquefied Petroleum
Gas) for clean cooking.

e Microgrids that integrate digital billing and load
balancing.

e Distributed energy systems integrated with smart
meters and mobile payments.

Why “Modern” Matters:

If access only enables lighting, but not digital learning,
refrigeration and mechanised farming, it risks locking
communities into low energy poverty traps. The modern
energy vision of SDG 7.1 enables human flourishing,
enterprise development and long-term resilience.

9.5 The Interplay Between the Three Dimensions

SDG 7.1 does not treat affordability, reliability and
modernity as separate goals. Instead, they are interlocking
components of a transformative vision. Affordable but
unreliable electricity is of limited use. Reliable but
polluting energy (e.g., diesel generators) contradicts
sustainability. Modern systems that are unaffordable
exclude the poor.
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This triangle of Affordability Reliability and Modernity
must be approached holistically. Effective energy access
solutions, such as the SDNA Sideglow Diffusor, are
impactful because they touch all three dimensions:

o Affordable to manufacture and maintain.

o Reliable even in low resource and disaster contexts.

e Modern in technology and sustainability alignment.

9.6 Expanding the Definition of “Access”

As technology and usage patterns evolve, so must our
definitions. It is no longer sufficient to consider “access” as
a binary metric. The Multi-Tier Framework (MTF)
developed by the World Bank provides a progressive scale
of energy services; measuring capacity, duration, quality,
affordability, legality and safety. In this Tiered model:

e Tier 0 = No electricity

e Tier 1 = Lighting and phone charging.

e Tier 2 = Fan, radio and small TV.

o Tier 3 to 5 = Refrigerators, computing, power tools,

etc.

SDG 7.1 implicitly aligns with a Tier 3 or higher standard,
which supports social and economic development not just
basic needs.
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9.7 Connecting Vision to Reality

The ambition of SDG 7.1 is noble but its realisation
depends on implementation models that are inclusive,
innovative and context specific. Too often, energy programs
are guided by cost efficiency metrics rather than human
cantered outcomes.

Technologies like the SDNA Sideglow Diffusor which
operate using natural and artificial radiation, independent of
large grid systems offer a new pathway to fulfilment.
Especially in slums, refugee camps, remote schools and
disaster zones; SDNA can make modern, safe and reliable
lighting a reality.

9.8 Redefining Power in the 21st Century

At its heart, SDG 7.1 is about redesigning the social
contract around energy. It invites governments, businesses
and communities to reimagine energy not as a commodity
but as a public good, a right, and a catalyst for dignity.
When interpreted through its three pillars of affordable,
reliable, and modern. SDG 7.1 becomes a lens for energy
justice, compelling us to ask:

¢ Who has access, and at what cost?

e Whose lights stay on, and whose flicker out?

e What kind of future does this energy make possible?
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Answering these questions with clarity, compassion and
commitment is the first step toward lighting up the last mile
of development.
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Chapter 10: From Invention to Impact: Use
Cases for Social Transformation

10.1 Introduction

Invention alone does not change the world impact does. The
SDNA Sideglow Diffusor, as an innovation, holds promise
not only due to its technical ingenuity but because of its vast
applicability across contexts where energy poverty
intersects with social marginalisation. This chapter explores
how the SDNA technology transitions from a laboratory
concept to a life changing solution in the world’s most
underserved environments.

10.2 SDNA in Humanitarian Settings

In humanitarian crises, speed and simplicity in deploying
energy solutions can mean the difference between chaos
and coordination. The SDNA Sideglow Diftusor, requiring
no grid connection, minimal tools and capable of
redirecting both natural and artificial radiation; is ideally
suited for rapid deployment in refugee camps and
emergency shelters. It provides safe, sustainable lighting in
tents, temporary housing units and sanitation areas reducing
incidents of violence, improving night time mobility and
supporting logistical operations.
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In disaster zones such as those hit by earthquakes, floods
and hurricanes the resilience of infrastructure is often
compromised. Solar powered SDNA systems and versions
linked to backup generators can provide emergency lighting
for field hospitals, coordination centres and at rescue
operation sites. Their low maintenance nature makes them
a powerful tool for NGOs, UN agencies and governments
during critical response windows.

10.3 Enhancing Education Outcomes with Reliable
Lighting in Rural Schools

Education is a key determinant of long-term development,
yet millions of students in rural areas study under poor
lighting or not at all after sunset. The SDNA device can
transform school environments by ensuring continuous
illumination during evening classes, early morning sessions
and cloudy days when sunlight is weak. Installed in
classrooms, libraries and boarding facilities, the SDNA can
powerfully improve reading quality, reduce eye strain and
enable the use of educational aids such as projectors and
digital screens.

In India and sub-Saharan Africa, pilot programs have
already demonstrated a correlation between improved
lighting and higher student attendance and performance.
Parents, feeling assured of their children's safety and
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productivity, are more likely to keep them enrolled,
especially girls.

10.4 Applications in Urban Slums, Construction Sites and
Community Centres

In informal urban settlements, access to energy is often
illegal and dangerous or simply absent. SDNA units
installed in slum alleys, stairwells, communal toilets and
kitchens can radically improve living conditions. By
eliminating the fire hazard of open flames and the health
risks of kerosene smoke, the SDNA addresses key concerns
of urban poverty.

Construction sites, often operational round the clock and in
makeshift settings, benefit from SDNA as a safe and low-
cost lighting solution. Temporary lighting on scaffolding,
tool stations and pathways improves worker safety and
productivity. Community centres, where local meetings,
skills training and healthcare awareness sessions take place,
also become more functional after hours with enhanced
lighting.

10.5 Integration into Public Infrastructure

Public infrastructure, especially in low-income areas, often
suffers from neglect, with poor lighting contributing to

99



crime, isolation and underutilisation. SDNA Sideglow units
integrated into bus shelters, pedestrian crossings and local
parks ensure continuous, low energy lighting that boosts
foot traffic and community interaction.

Municipalities can deploy SDNA technology as part of
urban rejuvenation programs especially in low-income
neighbourhood and newly built eco housing colonies
creating inclusive, liveable public spaces. Its fibre optic
diffusion system, resistant to weather and tampering, offers
a long-lasting solution that does not depend on extensive
rewiring and skilled maintenance staff.

10.6 Potential in Healthcare Delivery and Women’s Safety

Lighting is not just a convenience in healthcare it is a
necessity. Clinics without reliable lighting face operational
limitations, especially during childbirth, emergencies and
night time procedures. SDNA units installed in maternity
wards, emergency rooms and rural health posts support to
continuous medical care without relying on diesel
generators or grid stability.

From a gender lens, lighting is directly correlated with
women’s freedom and safety. Studies show that well-lit
areas reduce the risk of sexual harassment and increase
mobility after dark. In community toilets, water collection
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points and transit hubs, SDNA can be deployed to safeguard
women’s dignity and participation in public life.

10.7 Case Studies from Pilot Installations and Community
Feedback

Initial pilot programs in parts of Eastern India and East
Africa have yielded promising results. In a slum
redevelopment project in Kolkata, SDNA units installed in
common areas improved resident satisfaction, reduced
kerosene usage by 60%, and were rated as “very useful” by
87% of surveyed households. Similarly, in a Rwandan
school pilot, evening attendance for extra tutoring rose by
34% within two months of installation.

NGOs involved in the pilot noted the ease of community
training, with local youth quickly learning installation and
minor maintenance tasks creating local jobs and ownership.
In emergency camps in coastal Bangladesh, SDNA lights
provided essential visibility in cyclone shelters and medical
tents with minimal logistical burden.

10.8 Conclusion: From Potential to Paradigm

The true power of the SDNA Sideglow Diffusor lies in its
ability to adapt across geographies, use cases, and user
needs. From refugee shelters to rural schools and from
construction sites to women's safety initiatives, it
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transforms energy access from an infrastructural challenge
to a social breakthrough. These use cases demonstrate that
technology alone does not drive change its thoughtful
application does.
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Chapter 11: Energy Access and Socioeconomic
Development: The Human Dividend

11.1 Introduction: Lighting the Path to Inclusive Growth

The global conversation on energy access often centres on
kilowatts, grids, and infrastructure but the true story lies in
the human dividend. Lighting, the most immediate and
visible application of energy, provides more than just
illumination; it enables productivity, enhances safety,
expands learning opportunities and fosters social inclusion.
In this chapter, we explore how lighting and energy access
intersect with economic development, gender equality,
digital literacy and upward mobility. The SDNA Sideglow
Diftusor, in this context, is not just an innovation it is a tool
for socioeconomic transformation.

11.2 Lighting and Economic Productivity

Lighting extends productive hours beyond daylight,
allowing individuals and communities to engage in income
generating activities during early mornings and after dark.
For communities dependent on agriculture, fishing and
informal microenterprises, the presence of lighting directly
correlates with improved livelihoods.
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Key Impacts:

o Shops and kiosks remain open late, increasing daily
income.

o Tailors, weavers and artisans complete more units
of work.

o Farmers coordinate transport, irrigation and storage
more efficiently.

e Fishing communities use lighting for night time net
mending and equipment maintenance.

Even low intensity lighting systems like SDNA can
dramatically enhance evening productivity by eliminating
reliance on expensive and hazardous alternatives like
kerosene and candles.

11.3 Energy Poverty and Gender Inequality

Energy poverty disproportionately affects women and girls.
In many parts of the world, it is women who fetch firewood,
cook in smoke filled kitchens and care for children in homes
without reliable light. The absence of energy infrastructure
exacerbates unpaid labour and limits female participation in
economic and educational opportunities.
Lighting transforms these dynamics by:

e Reducing time spent on fuel collection and meal

preparation.
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e Allowing women to attend evening literacy classes
and vocational training.

e Enhancing mobility and safety after sunset,
particularly in rural and peri urban areas.

o Enabling flexible work from home activities like
sewing, weaving food processing.

Reliable lighting improves visibility and safety in toilets,
streets and communal water points areas where women are
most vulnerable. It shifts the narrative from survival to
empowerment.

11.4 Microenterprises, Agriculture and Digital Literacy

Microenterprises dominate the informal sector across
developing economies. From street food vendors and
shoemakers to phone repair stalls and sewing businesses,
these small-scale ventures thrive when they can operate
beyond daylight hours.
Lighting plays a crucial enabling role in:
e Vendors can serve evening commuters and increase
footfall.
e Women run cottage industries gain flexibility and
consistency.
e Agro processing tasks like drying, packing and
grading can continue uninterrupted.
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In agriculture, lighting supports night time irrigation, crop
processing and extended work hours during harvesting
seasons. In parallel, digital access enabled by lighting
connects farmers and microentrepreneurs to market prices,
financial tools and skill development platforms. In
communities where schooling infrastructure is poor, solar
or SDNA based lighting enables digital literacy programs,
supporting education through e-learning, tablets and shared
computer hubs.

11.5 Job Creation Through Manufacturing, Installation and
Servicing

The deployment of decentralised energy solutions like the
SDNA Sideglow Diffusor spurs a wide range of livelihood
opportunities. Job streams include:

e Manufacturing and Assembly: Fabrication of
parts, wiring, assembly of lighting modules.

o Distribution: Local entrepreneurs, cooperatives
and youth led groups manage stock and customer
service.

o Installation: Community technicians install
systems in homes, schools and public infrastructure.

e Servicing and Maintenance: Routine check-ups,
troubleshooting and wupgrades create recurring
employment.

106



These job opportunities are often accessible to individuals
with limited formal education, making them ideal for youth
in underserved rural and peri urban areas. They also foster
local ownership, where communities take charge of their
own energy future.

11.6 The Ripple Effects: From Safer Roads to Better
Learning Outcomes

Lighting extends far beyond direct economic benefits. It
enables social dividends that are critical to holistic
development. Some key ripple effects include:
e Safer roads and alleys, reducing traffic accidents
and crime.
e Well-lit schools attract better teaching talent and
increase attendance, especially among girls.
o Public health benefits, as better lit clinics improve
emergency response, maternal care and sanitation.
e Stronger civic engagement, with evening hours
enabling community meetings, adult education, and
skill training.

In community centres, lighting supports cultural events,
training sessions and awareness programs. In refugee
camps and emergency zones, it facilitates orderly
movement, public announcements and 24/7 medical aid.
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11.7 Light as Leverage: Catalysing Upward Mobility

Access to lighting is a foundation upon which opportunity
is built. A lit study table opens the door to education. A lit
stall provides income. A lit pathway ensures safety and
dignity. Together, they create conditions where people can
aspire, achieve and progress. Lighting fosters upward
mobility by:
e Reducing household energy costs, enabling savings
and asset creation.
e Supporting children in becoming the first educated
members of their families.
e Helping informal workers graduate to formal
entrepreneurship.
e Making communities more investable and
economically viable.

Lighting is a ladder out of energy poverty, a signal of
inclusion and a springboard for development. It is often the
first visible sign that a community has been seen and that
its potential is being nurtured.

11.8 Conclusion: Illuminating the Human Dividend

The true value of lighting is not measured in lumens, but in
lives transformed. Energy access is a story of dignity
restored, time redeemed and futures rewritten. For
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governments, NGOs, innovators and community leaders,
recognizing this human dividend is essential to designing
impactful energy strategies. The SDNA Sideglow Diffusor
is not just a lighting device it is a platform for inclusion,
equity and growth. When deployed effectively, it helps shift
the narrative from energy scarcity to energy justice where
light becomes a tool of transformation and a right, not a
luxury.
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Chapter 12: Toward 2030: Aligning SDNA with
Global Sustainability Goals 7.1

12.1 Forecasting SDNA’s Role in Achieving SDG 7.1

SDG 7.1 aims to ensure that by 2030, all people have access
to affordable, reliable and modern energy services. The
SDNA Sideglow Diffusor, which can channel both natural
and artificial light through side emitting fibre optic cables,
directly addresses the ‘'"reliable" and "affordable"
components of this target.
Forecasting its contribution includes:
e Rapid deployment in low access regions through
modular design.
e Low operational costs allowing adoption in fragile
economies.
o Scalability across diverse geographies and use cases
like schools, homes, clinics, disaster shelters, etc.
e Complementarity with solar, wind and microgrid
setups, making it an amplifier rather than a
competitor to other clean technologies.

If strategically scaled through policy and market
mechanisms, SDNA solutions could contribute to lifting
millions out of “Tier 0” and “Tier 1” energy access levels
under the Multi-Tier Framework, especially in sub-Saharan
Africa, South Asia and small island developing states.
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12.2 Long Term Resilience: Adapting SDNA for Climate
Vulnerable Zones

The future of energy access must also be climate resilient.
SDNA'’s core strength lies in its simplicity and minimal
dependence on fragile grid infrastructure and volatile fuel
supplies. In regions increasingly affected by floods,
hurricanes and heatwaves, energy systems must remain
functional under stress.

Key resilience features of SDNA:

Operates without complex electronics or heavy
batteries.

Can be powered by renewable sources, reducing
carbon dependence.

Lightweight and modular, ideal for temporary
relocation or mobile units.

Fiber optic cables are less susceptible to corrosion
and breakage.

Future adaptations include:

Integration with sensor technology for adaptive
brightness.
Enhanced casing for UV and water resistance.

Hybrid models combining lighting, data
transmission and emergency communication.
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By embedding SDNA into climate action strategies, it can
serve as a frontline tool for adaptation and disaster
response.

12.3 Roadmap for Public-Private-People Partnerships
(PPPP)

To scale SDNA meaningfully, a collaborative governance
model is essential one that brings together governments,
private innovators, community organizations and the
people themselves. The PPPP roadmap includes:
Public Sector:
e National electrification plans should include SDNA
type alternatives.
e Urban and rural development schemes can integrate
lighting as infrastructure.
e Public subsidies or incentives can fast track
deployment in low-income regions.
Private Sector:
e Manufacturing partners can localise production,
creating jobs.
e Startups can package SDNA with solar and smart
energy kits.
o Finance institutions can support microloans and pay
as you go models.
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People/Communities:

Local training programs for installation and
maintenance.

Village energy committees for feedback, security
and operations.

Youth led energy cooperatives to drive adoption
from within.

Only when all stakeholders are active participants not
passive recipients can energy access become equitable and
enduring.

12.4 Measuring Impact: Quantitative Metrics and Social

ROI

Impact at scale requires robust monitoring frameworks. The
value of lighting must be translated into measurable
outcomes that resonate with funders, governments and the
communities themselves.

Quantitative metrics include:

Number of SDNA units deployed and operational.

Increase in productive hours per
household/business.

Reduction in kerosene/candle usage (emissions
avoided).

Increase in girls’ school attendance in lit
environments.
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e Number of jobs created in production and servicing.
Social Return on Investment (ROI):
e Cost per student per year of night time learning
enabled.
o Cost per safe childbirth enabled at night.
e Net income increases for microenterprises with
lighting.

These indicators align closely with SDGs 1 (No Poverty), 3
(Health), 4 (Education), 5 (Gender Equality), and 13
(Climate Action), illustrating SDNA’s systemic relevance.

12.5 Final Call to Action: Where Innovation Meets Moral
Urgency

In a world where technological advancement often widens
divides, SDNA represents the opposite a tool that narrows
inequality and expands dignity. It is not simply about
lighting spaces but about illuminating lives, aspirations and
futures. This is a call to:
e Governments: Integrate frugal innovations like
SDNA into national development blueprints.
o Philanthropists/funders: Back not just the shiny,
scalable solutions but the quiet ones that work.
e Innovators: Design with humility, empathy and the
end user insight.
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e Communities: Demand and shape energy systems
that reflect your realities.
As 2030 approaches, the clock is ticking not just on targets
and indicators, but on the collective moral imperative to
ensure that light reaches every corner of the world. Because
without light, there is no visibility; no path to walk, no book
to read, no safety to claim, no dream to chase.
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Chapter 13: The Village That Slept at Sunset

In the quiet plains of Bihar, nestled among mustard fields
and mango trees, lies the small village of Jaitapur, a place
where the day begins early and ends too soon. Here, the sun
1S more than a source of warmth; it is a clock, one that
signals when life must pause. Because once the light fades,
Jaitapur disappears into darkness.

By dusk, children rush home, their laughter replaced by
anxiety. No streetlights. No glowing windows. Just
kerosene lamps flickering weakly in corners. These small
flames hiss and cough, much like the children who breathe
their fumes. Charu, ten years old, often sits near the kitchen
trying to read her schoolbook by the smoky light. Her
mother warns her not to strain her eyes, but Charu persists
until the lamp gives out.

Every evening, the same pattern unfolds. Families eat
quickly. Women hesitate to step outside. Roads become
dangerous. Darkness does not just bring fear it brings limits.
No homework, no stitching, no safety. Dreams sleep early
here too.

Charu dreams of becoming a teacher. Her best friend,
Rekha, wants to be a nurse. Munna, her younger brother,
dreams of trucks and roads. But dreams need more than
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daylight hours. They need light at night, a chance to
continue imagining, learning, and building.

The village’s only electric pole stands useless, wires
dangling like forgotten promises. Every election brings
hope. Every year brings disappointment. Teachers urge
children to study more, but how can they, when the sun is
their only bulb?

Still, Jaitapur has not given up. There is something fierce in
its children; a hunger to see more, learn more, become
more. But hope alone cannot fight darkness.

One evening, as Charu lay on her rice husk pillow, listening
to the night swallow the world, she heard a whisper of
change. Earlier that day, a van with unfamiliar tools had
driven past the school. People said engineers were coming.
Some said they carried lights unlike anything the village
had seen, a new kind of invention.

Charu did not know what a Sideglow Diffusor was. She did
not even know what "sustainable energy" meant. But as the
moon rose and the kerosene lamp hissed its last breath, she
hoped.

Because somewhere inside her, a small voice said: Maybe
this time, the night won’t win.
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Chapter 14: A Girl Called Charu

Charu was ten, but in her mind, she often felt older like
someone who had lived many stories without ever stepping
outside her village. She lived in a small mud brick house at
the edge of Jaitapur, shaded by a neem tree that whispered
secrets when the wind passed through. Her big brown eyes
often wandered beyond the fields, beyond the trees, beyond
the limits of what anyone in her village dared to imagine.

Charu loved drawing sunrises. With a stub of charcoal on
scrap paper, she would trace the orange orb rising behind
her school’s rusted tin roof, always adding birds flying
toward it. Her teacher had once asked, “Why always
sunrises, Charu?” She had replied shyly, “Because
mornings are full of hope, right, sir?”

She was always curious. Curious about stars, ants, people.
Why the moon changed shape. Why her mother’s hands
were always rough. Why the fan at school turned, but the
one at home never did. She asked questions not to
challenge, but because she believed answers could open
new doors.

Charu’s world was split between school, chores, and
dreams. Mornings began with sweeping the courtyard and
heating water for her grandmother (Dadi), who was now too
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weak to walk to the temple. Then came school; three rooms,
one cracked blackboard, and a teacher who never gave up,
even when chalk ran out.

She sat in the front row, always ready with her slate and
stories. At lunch, she did run home, bring Dadi rice with salt
and mustard oil, and run back. Evenings were her favourite;
until they were not. Because as soon as the sun dipped, so
did her freedom.

When she returned home after school, she did open her
books, ready to study or draw. But as darkness crept in, her
mother would light the kerosene lamp, placing it in the
corner like a tired guardian. Its dull orange glow gave just
enough light to eat, not enough to learn. The smoke made
her cough, but she never complained. She simply closed her
book, folded the page where her dreams paused, and helped
her mother prepare dinner.

She once asked her teacher what electricity felt like. He
smiled and said, “Like turning on the sun, whenever you
want.” Charu giggled at the thought. What would that even
look like? A sun inside her home?

She imagined her little room lit up brightly, walls glowing,
books open late into the night, and her drawing of a sunrise
hung proudly above her pillow.
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But for now, she waited. For the next day’s light. For
answers to her questions. For someone, somewhere, to
notice a girl with charcoal-stained fingers, who believed in
sunrises, and hoped for a switch that turned her future on.

Charu did not want the moon. She did not even want the
stars. She just wanted a light she could call her own.
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Chapter 15: The Arrival of the Engineers

It was a Wednesday when the white van appeared on the dirt
road leading into Jaitapur kicking up dust and curiosity in
equal measure.

Charu spotted it first, squinting from the school window
while pretending to copy a math problem. It was not like
the delivery vans that came for weddings or the government
jeeps that never stopped. This one was different. It was
clean, had shiny mirrors, and on the side were strange
English letters no one could read. But what caught Charu’s
eye most was what the van carried tubes, wires, solar panels
and boxes that blinked with red lights.

By lunchtime, the news had spread like summer wildfire.
“Engineers have come”, someone whispered. “From
Patna”, said another. “No, from Delhi. They are here to fix
the electricity”. The grown-ups gathered near the banyan
tree, peering cautiously at the newcomers, while the
children hovered behind, wide eyed and hopeful.

There were three engineers two men and one young woman
in a kurta and dusty sneakers. She smiled easily, spoke in
Hindi, and asked to meet the headmaster. Within hours, they
were walking through the village, stopping at homes, asking
questions, taking notes, pointing at rooftops and walls.
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Charu followed them quietly, her schoolbag still slung over
one shoulder. She listened closely. They talked about
something called the SDNA Sideglow Diffusor; a new way
to bring light into homes, not through wires and bulbs, but
through fibre tubes that could carry sunlight during the day
and LED light at night.

“No current needed?”” Charu’s mother asked skeptically.
“Only a small solar panel”, replied the young engineer. “No
batteries. No fire. No smoke.”

For a moment, everyone stood in silence, unsure whether to
believe. They had heard too many promises, seen too many
broken poles.

But the engineers did not wait for applause. That evening,
they began setting up a pilot installation, a test. They chose
the primary school, then Charu’s house, since it had an east
facing wall and a curious girl who asked a lot of questions.

When the first SDNA tube was mounted; long, milky white,
and oddly beautiful Charu touched it gently, as if it were a
magic wand. The engineers smiled and explained, “During
the day, this will catch sunlight and send it inside. At night,
it connects to a solar powered LED. You will have light
even after sunset”.

Charu did not fully understand the science. But that night,
when the sun disappeared and her mother reached for the
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kerosene lamp, a soft white glow filled their small room;
steady, silent, and smoke-free.

She gasped. Her brother clapped. Her mother covered her
mouth in awe.

For the first time in her life, darkness did not win.

And as Charu opened her notebook and began to write long
past sunset, she knew something had changed. Not just in
her home, but in the very rhythm of her village.

The engineers had not just brought light. They had brought
possibility.
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Chapter 16: The Magic Tube: SDNA Explained
Simply

Charu could not stop staring at the white tube fixed to the
corner of her wall. It was unlike anything she had ever seen;
not a bulb, not a lantern and definitely not like the kerosene
lamp that made her eyes sting. It was long and smooth,
almost like a piece of a rainbow frozen in time. At night, it
gave off a soft, white glow not too bright, but clear enough
to read, cook and feel safe.

Everyone in the village had questions. “What is this pipe”,
“How does it glow”, “Is it magic” Charu had the same
questions too. But unlike the others, she was determined to
understand it not just enjoy it.

The young woman engineer, whose name was Roshni,
noticed Charu’s curiosity and invited her to sit beside her
under the banyan tree. She carried a notebook full of
diagrams and smiled, “Want to know how the magic
works?”

Charu nodded eagerly.

“It’s not magic” Roshni said. “It is science. This tube is part
of a new system called the SDNA Sideglow Diffusor. That
is a big name, so let’s break it down.”

She drew a sun on the page. “Every day, the sun gives us a
lot of light. But we do not use most of it. So, what if we
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could capture that light, guide it through special pipes and
release it slowly inside homes”

Charu’s eyes widened. “Like sunlight traveling through a
straw?”

“Exactly” Roshni laughed. “But instead of a straw, we use
a special fibre optic tube. It catches the light and spreads it
gently through the walls. And at night, it switches to a tiny
solar powered LED inside the tube, giving you light without
wires, smoke and pollution”.

Charu imagined the sunlight squeezing itself into a long
tube, waiting patiently until night to come out again. “But
what if it rains” she asked.

“Good question. That is why we also use small solar panels
to store backup energy for the night. Even if it is cloudy,
you will still get a few hours of light”.

Roshni showed her a small square panel installed on the
roof. “This is like a battery that gets charged by the sun. It
is simple, safe, and clean”.

Charu looked at the sketch, then at the tube glowing inside
her house. Suddenly, it did not feel like magic anymore. It
felt like a clever idea brought to life.
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That evening, Charu explained everything to her Dadi in her
own words, “It is a pipe that eats the sun and spits out light
whenever we need it. No kerosene, no fire, no smell. Just
sunshine inside our house”.

Her Dadi chuckled, “Then may the sun always bless our
roof”.

Soon, other children gathered around Charu, asking her to
explain again. She did patiently and proudly, like a little
teacher in training.

For Charu, the SDNA tube was more than just a light. It was
knowledge. It was empowerment. It was her first real step
toward the future she had always dreamed of, a future where
understanding replaced fear and light replaced silence.
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Chapter 17: When Light Meets Life: First
Nights of Illumination

That evening, as dusk folded its quiet arms around Jaitapur,
something unusual stirred in the village; not fear, not
silence, but curiosity. For the first time in memory, Charu’s
house did not go dark when the sun dipped behind the trees.
The SDNA tube, nestled in the corner above the doorway,
came alive with a soft white glow. It was not harsh like city
bulbs and dangerous like kerosene. It was calm. Steady. A
light that belonged, as if it had always been there just
waiting to be invited.

Charu’s brother Munna gasped when he entered the room.
“It is like morning in here” he said, laughing, his hands
reaching toward the ceiling. Charu twirled around, arms
outstretched, as if she could scoop the light and hold it
close. Her mother just stood there, speechless, a hand over
her mouth.

That night, for the first time, the family sat together under
clean, reliable light. No coughing. No smoky smell. Just
stories, food, and peace.

In the house next door, the scene was the same. Rekha
finished her sewing without squinting. Her father cleaned
his tools and sharpened his sickle. In the third house, an old
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man read the Bhagavad Gita (mythological book) aloud
something he had not done in years.

Word spread like wildfire. Children walked through the
lanes, pointing and whispering. “Look, that house has light”
“How” “Will we get it too™.

Charu, still glowing herself, proudly explained everything
she had learned from Roshni. “The tube catches the sunlight
in the day, and then gives it back at night. No smoke. No
noise. No burning eyes”.

That night, the village felt alive in a way it had not before.
Lanes once feared after sunset became paths of wonder.
Elderly neighbours stepped outside for a chat. Women
laughed under soft lit verandas. A few boys played catch
beneath the community installation, throwing a rubber ball
in the new pool of white light.

For the school teacher, it meant he could stay an extra hour
to prepare lesson plans. For the midwife, it meant no more
panicked deliveries in the dark. For the little ones, it meant
storybooks didn’t have to wait for sunrise.

And for Charu it meant possibility had arrived.
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She finished her homework after dinner, without rubbing
her eyes and holding the notebook inches from the lamp.
She even helped Munna (her brother) with his alphabet.
Then, before bed, she drew a picture; a row of homes
glowing in the night, with tiny stars above and soft beams
of light below. She titled it “When Night Forgot to Be
Dark”.

The SDNA lights had not just changed homes. They had
changed habits, emotions, even the heartbeat of Jaitapur. In
one evening, darkness had lost its grip and the village had
taken its first collective breath of freedom.

And as the lights softly hummed into the night, Charu
whispered to herself, “If this is just the beginning, what else
could be possible”.
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Chapter 18: Small Lights, Big Changes

The days after the SDNA lights arrived felt like a season of
celebration in Jaitapur, though no drums were beaten and
no garlands hung. The transformation was quieter but far
deeper. It was in the way the village moved after dark;
slowly, confidently, almost as if learning to walk again.

More SDNA tubes were installed, one house at a time. Each
time a new home lit up, a cheer would rise; sometimes
claps, sometimes laughter, always a sense of arrival
Families that once disappeared into their homes by sunset
now stayed out on verandas, sipping tea, sharing stories,
mending clothes and simply enjoying the new rhythm of an
extended day.

At the school, the change was remarkable. With light in the
classroom, evening classes began, something unthinkable
just a week before. Charu and her classmates stayed late,
solving sums, reading stories and practicing their
handwriting. The headmaster, who had taught for thirty
years, said quietly, “For the first time, we are not racing
against the sun”.

In the small courtyard beside the temple, a local tailor set
up a sewing machine under the new SDNA lit canopy.
“Now I can finish orders even after dinner”, she smiled. Her
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income increased and so did her confidence. Her daughters
began stitching beside her, learning skills by light they had
never known.

The village anganwadi (daycare centre) extended its hours
too, allowing working mothers a little more flexibility. The
midwife, Lakshmi didi (elder sister), started holding
evening health awareness meetings for girls and mothers
under the soft white glow near the banyan tree.

Charu watched all this with growing wonder. The change
was not just in what people were doing but in how they
carried themselves. There was less urgency. Less fear.
Children played longer. Elders shared wisdom under open
skies. Women, who once rushed chores before dark, now
lingered a little, humming songs as they cooked.

And still, the lights remained steady never flickering, never
fading.

Even the mood of the village shifted. Fewer arguments,
fewer accidents. The hush of darkness had always brought
tension now replaced by a calm, soft lit atmosphere.
Jaitapur had not become a city. But it had stopped being
forgotten.
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What struck Charu most was how small the lights were; just
a tube, a panel, a wire. No fanfare. No giant towers and
electric meters. Yet, in those small beams, huge changes
were unfolding.

She began to journal her thoughts, recording every
difference she noticed. “Amma (mother) smiles more now”,
she wrote one night. “Munna can write his name without
me holding the lamp”. Another entry read, “The light
outside the temple looks like moonlight, but warmer”.

Charu realized that the SDNA was not just a tube. It was a
doorway. A quiet invitation for the village to stretch itself
beyond limitations.

And each time another home lit up, she whispered the same
thing to herself, it’s working.

Because sometimes, big changes do not start with noise;
they start with a single, steady light.
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Chapter 19: Mothers, Markets and Midnight
Weaving

In the gentle light of her newly lit home, Charu’s mother,
Meena Devi, found something she had not held in years;
Time.

Before the SDNA lights arrived, her day was a blur of
cooking, fetching water, washing clothes, tending to
animals and looking after the children. The sun marked the
beginning and end of her working hours. After sunset, she
barely had enough light to cook, let alone pursue anything
for herself. But now, with the soft glow of the SDNA
diffuser in their kitchen and courtyard, her evenings
belonged to her again.

Meena had once been a skilled basket weaver. Her fingers,
though weathered, still remembered the craft. With steady
evening light, she pulled out her old palm leaf bundle from
the loft and began weaving again. At first, just one basket,
thin, delicate, a little uneven. But soon, she fell back into
rhythm.

Charu would sit beside her, watching her mother’s hands
dance. “It is like drawing with leaves”, she said once,
mesmerized.
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Other women in the village noticed. Rekha’s mother, who
used to embroider blouses for weddings, brought out her
threads. Bina didi, the widow who lived alone, began
making papads (pappadam) and drying them under the sun
to sell. The SDNA lights had done more than just chase
away the darkness, they had opened a window for women
to reclaim their skills and their identity.

Soon, Meena and a few other women decided to walk to the
early morning haat bazaar (wholesale market) together.
Carrying baskets, embroidered handkerchiefs and jars of
homemade pickles, they found a small corner near the bus
stand and set up shop.

Sales were slow at first. But curious buyers stopped. “Made
in Jaitapur” they asked, surprised. “You made these at
night” The women nodded, proud and smiling.

The money they earned was not much, maybe enough for
extra vegetables, a new dupatta, or Charu’s school
notebook. But it was earned and that made all the
difference.

What followed was unexpected; Confidence. The women
began meeting after dinner under the banyan tree, where a
public SDNA light had been installed. They exchanged
weaving tips, stitching patterns, business ideas. For the first
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time, they were not just wives and mothers they were
creators.

Charu watched it all unfold, a notebook in her lap. She
started documenting what she called the “Night Market
Stories”. She wrote about how light had reignited her
mother’s spirit, brought neighbours closer and created
possibilities where none had existed.

Meena Devi, once soft spoken and weary, now smiled more
often. She braided Charu’s hair tighter, walked a little taller
and even spoke during village meetings.

One night, as Charu helped arrange baskets for the next
market day, she asked, “Amma, are you happy”.

Her mother looked at her, her eyes glowing in the white
light. “Yes, bitiya (my daughter). I feel like I have woken
up after many years”.

And just like that, in the heart of a village that once slept
early, mothers were rising again under the stars, with their
hands full of hope and craft.
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Chapter 20: Safer Roads and Brighter
Classrooms

The SDNA lights had started as a quiet miracle in homes,
but within weeks, they began shaping Jaitapur’s shared
spaces too.

The first public installation was a modest tube near the
village well. Before that, women hesitated to fetch water
after dusk. The path was narrow, with uneven stones and
buzzing insects. But now, under the gentle, steady glow of
the Sideglow Diffusor, the once feared route became a
meeting place. Laughter, stories and hushed gossip filled
the air. Small steps but for many, these lights meant safety
and dignity.

The next big change came on the road near the primary
school. For years, it was a danger zone after dark. Teachers
had slipped. Children had fallen. Rickshaw wheels jammed
in muddy potholes. But once a row of SDNA lights
mounted on bamboo poles began to illuminate the stretch,
the road felt different. Safer. Walkable. Alive.

Charu’s school itself underwent a quiet transformation.
Before, classes ended by early afternoon because no one
wanted to walk home in the dark and classrooms were too
dim for reading after 3 PM. But now, with SDNA lights in
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each room, the school stayed open longer. Evening literacy
sessions for adults began and children who had fallen
behind got a second chance to catch up.

Charu beamed with joy when she could attend extra reading
practice at 6 PM. Her teacher, Mr. Sahu, said something she
did never forget, “Earlier, the darkness would close your
books. Now, you get to choose when to stop”.

Even the blackboard looked clearer under the new light.
Girls and boys raised their hands more confidently. And
children who once skipped school during harvest season
began returning, eager to make up for lost time. It was not
just the light it was the message it sent; You matter enough
for the village to shine brighter.

One afternoon, a group of older girls approached the
headmaster. “Can we start a night library” they asked. With
help from the engineers, they turned a storeroom into a tiny
learning corner, lit by a single SDNA diffuser. Old books
were dusted off, shelves built from scrap wood, and
students brought in comics, magazines, even English
dictionaries.

By week’s end, the library was bustling with readers. Some
sat cross legged, some leaned against the wall, but all were
there by choice; choosing knowledge over sleep.
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Outside, the village roads no longer emptied at dusk. Small
vegetable stalls stayed open longer. Bicycles and carts
moved freely. The shadows still came but they were
outnumbered by light.

For Charu, it was more than infrastructure. It was
imagination, coming alive in the spaces where she walked,
learned, and played. One evening, while walking home
from the library under the safe white glow, she whispered,
“Even the stars feel closer now”.

Because when roads become safe and classrooms stay open,
a village does not just light up.

It moves forward one beam, one book, one brave girl at a
time.
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Chapter 21: SDG 7.1 and the Promise of
Modern Energy for All

One crisp morning, the schoolteacher arrived early, holding
a printed poster with bright blue letters and the United
Nations logo. At the top it read:
“Sustainable Development Goal 7.1: Ensure access to
affordable, reliable, and modern energy for all by 2030”.

Charu, curious as ever, tugged at his sleeve, “What does it
mean, Sir”

Mr. Sahu knelt beside her. “It means the world has made a
promise. That no child should have to close her book
because the sun has set. That every village like ours should
have light that is clean, safe and always there.”

He pointed to the SDNA tube glowing above the
blackboard. “This, Charu, is that promise in action”.

SDG 7.1 is not just about electricity it is about opportunity.
For girls who want to study. For mothers who want to work.
For farmers who need light to irrigate at night. It is about
freedom from energy poverty, which holds back dreams in
silence and shadow.

As word of Jaitapur’s transformation spread, nearby
villages came to see. Engineers and NGOs visited. They
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took notes and clicked photos. Even a small camera crew
came one day to make a video. They interviewed Charu and
asked, “How has light changed your life”.

Charu answered honestly, “Before, night was scary. Now it
is full of things to do. I can study. My Amma can weave.
My brother does not cry from smoke anymore. We feel......
seen”.

What was once a sleepy village now buzzed with new hope.
The SDNA lights were not just lights they were evidence.
Evidence that frugal innovation and a global promise like
SDG 7.1 could walk hand in hand, all the way to the last
mile.

In community meetings, the term “SDG” became familiar.
“SDG is why we have this light”, someone would say. The
engineer Roshni explained it best, “We cannot wait for
cities to trickle down solutions. We must build them, village
by village”.

And so, in the little homes of Jaitapur, a global goal had
found its glow not just in policy, but in practice. And it
shone in Charu’s eyes every night she turned a page past
sunset.
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Chapter 22: Charu’s Dream: Becoming an
Engineer of Light

The SDNA lights had changed many things in Jaitapur;
roads, schools, homes and habits but perhaps the biggest
change of all was something invisible; Ambition.

Charu’s once simple dream of becoming a teacher had
begun to stretch. She still loved books and lessons, but now,
she found herself drawn to the tools and tubes, the wires and
sketches that the engineers had used to bring light into her
world. More than once, she had watched Roshni Didi
connect the panels, check the diffuser angles and explain
solar energy in ways that made magic sound like
mathematics.

One evening, Charu sat beside her mother under the soft
glow of the SDNA lamp, sketching yet another drawing this
time of a village lit up entirely with solar panels, windmills
and glowing tubes, “What are you drawing, bitiya” Meena
asked.

“My future”, Charu said with a grin, “I want to become an
engineer like Roshni Didi. I want to take light to every
village like ours”.

Her mother paused, taken aback, “Engineer? But that’s......
big.”
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Charu nodded, “Yes. And I am not afraid”.

Over the next few months, she began asking more questions
more than ever before. How does sunlight get converted
into electricity? What is a photovoltaic cell? Why do some
lights glow brighter than others? The village school did not
have all the answers, but her teacher helped her write a letter
to a nearby district library. Soon, a bundle of science books
arrived, each one more exciting than the last.

She started a Science Wall at school, posting new facts each
week. She saved her pocket money to buy batteries and
wires from the local market, building small circuits with
help from Roshni. Her favourite experiment was using a
mirror to redirect sunlight through a water bottle to create a
homemade light beam, her very own “Jugaad (hack)
Jaitapur Invention,” she called it.

The villagers watched in awe as Charu’s curiosity bloomed
into skill. Girls who once thought engineering was for city
children began staying after class. Even Munna followed
her around with wide eyes, calling her “Light Didi”.

One afternoon, as a government officer visited the school to
inspect the SDNA installations, Charu asked if she could
present a short talk. She stood up in her bright yellow kurta
and explained confidently, and passionately how energy
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poverty affected children, how SDNA worked, and how she
wanted to be part of the solution.

The officer clapped, “With girls like you, India’s future is
already shining”, he said.

Charu smiled. But in her heart, she did not just want praise,
she wanted progress.

She wanted more girls with dreams like hers. More villages
that did not go dark at sunset. More mothers who could
weave, more children who could read, more elders who
could walk safely at night.

And so, her dream was not just hers anymore. It was
Jaitapur’s dream. It was India’s dream.

To be an engineer of light, Charu knew, was not only about
building things. It was about illuminating lives.

And one day, she promised herself, she would return to
Jaitapur not just as a girl who once needed light, but as a
woman who knew how to carry it wherever it was missing.
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Summary

From Shadows to Sunrise is a powerful and deeply human
exploration of how light, something so basic, yet so
transformative, can reshape the world’s most marginalised
communities. Blending policy analysis, innovative
technology, and fictional storytelling, this book builds a
compelling case for universal access to clean, affordable,
and modern energy, as envisioned by Sustainable
Development Goal 7.1.

At the heart of the narrative lies the SDNA Sideglow
Diffusor, a breakthrough lighting innovation that channels
natural and artificial light through fibre optics. But this is
not just a book about engineering, it is about the lives
illuminated by that innovation. Through detailed case
studies, on-the-ground data, and development strategy, the
book provides readers with a framework for scaling
decentralised energy access in climate-vulnerable and
infrastructure-poor regions.

Woven through this is the journey of Charu, a bright,
curious 10-year-old girl from a small village in Bihar, India.
Her transformation from studying under a smoky kerosene
lamp to dreaming of becoming an engineer of light gives
readers a touching, personal view of how energy poverty
limits human potential and how light restores it. Her story
is mirrored by the collective awakening of her community
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as homes, schools, roads and marketplaces come alive after
dark.

Whether you are a policymaker, innovator, development
practitioner, or simply someone who believes in justice
through access, From Shadows to Sunrise challenges you to
rethink light not as a commodity, but as a catalyst. It is a
call to action, a reminder that real change often begins with
a single and steady beam in the dark.
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Final Page Content for SetBook

Decentralized Finance & Blockchain Registration
[De-Fi] - Decentralized Finance takes on relevance
whenever a unique object is discussed (a contract, a
purchase, a transfer, an exchange, etc.). This eBook has its
own SHA256 code (with a track of the book, your email and
purchase datetime), registered on a "public blockchain".
You can freely dispose of your purchase, not for
commercial purposes. Each eBook (and the SetBook that
contains it) promises benefits to a "Territory of the Planet
(Dream.ZONE), which you too can animate and promote.

Dream.ZONE Information

To create your "Dream.ZONE" looking at your GOALS,
visit our webs:

e Main: [jwt-jwt.cu]

o Staff: [expotv]l.eu] [pcrr-jwt.eu]

o Large Basic: [iteg-jwt.eu], [mbgc-jwt.eu], [pbrc-
jwt.eu], [sdgc-jwt.eu], [sidr-jwt.eu], [gsmf-jwt.eu],
[gfss-jwt.eu]

Each your "Dream.ZONE" will can have 11 smart NFT
Rights. After purchase you have NFT-code as follow:
MDS5/SHA256; real title referring to you, usable freely
(resale too).

SetBook Purpose & Usage Rights

Each of our SetBooks, edited and reviewed by colleagues
in their respective sectors, is a relevant asset (born from data
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distributed & pervasive on a planetary basis), linked to our
exclusive GREEN Industrial Property, created to promote
the Ecological TRANSITION, on water and energy, keys to
our existence and in respect of the Environment and the
entire Planet.

Your eBook, in digital or printed form, in its entirety, you
can use it freely and free of charge in favor of any public
community, institution, school, district/neighborhood,
sports or recreational club, etc.

NFT/NFW Framework

NFT/NFW - Similar themes allow us to support the
Ecological TRANSITION, on every "Territory of the Planet
(Dream.ZONE)", with your contribution (if you wish to get
involved). Consider De.Fi. and our Industrial Properties as
a development engine, on energy and water, soliciting
synergies locally (in a distributed & pervasive perspective),
made evident by means of their "uniqueness" NF
(NotFungible) with T (Token/RIGHTS) or W (Temporary
WARRANT).

e NFW - Temporary right of pre-emption to outline
the real actors, i.e. PR&Broker/Trader/Patron who
dreams the best for that "Dream.ZONE"

e NFT - Right for real role of actor on the
"Dream.ZONE", in the desired mode: L(License),
S(Sale/Buy), [I(Incomelnvestment),
JV(JoinVenture)

Project Objectives
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Objectives pursued are Local development with substantial
recourse to local workers and labor, with great fervor and
passion towards the necessary and urgent Ecological
TRANSITION of the "Dream.ZONE", in which we commit
to pouring the greatest effects of the activated capital; with
sober recourse to resilience and endogenous capacity of the
territory.

Key Features:

Dream.ZONE (>1 Million People) of the desired
shape and capacity, while always remaining within
the limits of the Sovereign State from which it is
pivot/center (State that is always hoped to be sober
and constructive, as usually already sanctioned and
recognized by our major communities such as
WIPO/UN and SDGs/UN)

Through JWTeam and its projects/patents, open to
anyone who wants to work for that "Dream.ZONE",
through significant and/or representative operators
(with NFW), as well as operational ones (with NFT,
in the 4 different declinations: L, S, II, JV)

Project Categories:

3 BIG Transversal Projects:

GUPC-RE/Lab (Sustainable real estate
redevelopment)

GUPC-HousingCare  (Social and  welfare
redevelopment)

MasterPlan (group of Industrial Plans)
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All interventions with a distributed&pervasive perspective
that makes massive use of local work and endogenous
resilience of the territory.
8 MINOR Vertical Projects:

o Efficient pumps/generators

e Urban MiniBiogas

e Microalgae cultivation

e Urban desalination

e Agro&Sport

e Separation and massive capture of pollutants

o Effective dissemination and communications

e Selective EMG diagnostics and capture of micro

pollutants

Patent Information - SDNA Technology
Patent WO2016092576, SDNA Patent: [SDNA],
[https://patentscope.wipo.int/search/en/detail.jsf?docld=W
02016092576] (lights diffusor homogenous by side
emission fiber); Italy: GRANT, meaning "INDUSTRY
(useful), NEW (no make before), INVENTIVE (teach some
things)"
Method for Distributing a Uniform Radiative
Spectrum: This invention relates to a method and device
for spreading homogeneously a radiative spectrum in
substrates (solid, liquid and gaseous), saturating volumes in
a pervasive and distributed way, with one or two inlet
points, fitted to ensure constancy of diffusion. The method
uses one or more side emitting optical fibers submerged in
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said solids, liquids, vapours or gaseous mediums, arranged
so that a signal constituted by said radiative spectrum is
distributed in a substantially uniform manner.

Available Resources

Subject to the NDA, consultancy and appropriate industrial
property rights are available:

e [NFT/NFW (De.Fi.)] -
[http://www.expotvl.com/JWT NFW-BB.htm]

o [Full Intellectual Property] -
[http://www.expotvl.con/ESCP_Patent.htm]

e [JWTeam] -
[http://www.expotvl.com/ESCP_NUT_Team.pdf]

o [Full JWTeam Service] -
[http://www.expotvl.com/PUB/JWT_Service EN.
pd]

o [INNOVATION] -
[http:/www.expotvl.com/LIC/BUNIT/LISTV.ASP
]

For any other SDGs/UN point you wish and not yet
addressed from JWTeam, please write to us:
[info@expotvl.eu]
Patents & Goals from GostGreen

e [UIBM/IT] - JWTeam set Industrial Property Roma

UIBM/IT
e [EPO/EU] - JWTeam set Industrial Property:
Munich EPO/EU
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e [WIPO/UN] - JWTeam set Industrial Property:
Geneva WIPO/UN

e [SDGs/UN] - [https://sdgs.un.org/]

Each your eBook (in each SetBook) will have its smart NFT-
code as follow: MD5/SHA256, real title referring to you,

usable freely, for non-profit purposes (no resale).

kU4
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