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Abstract: This research project focuses on the optimization of the hybrid energy system together
with the assistance of thin-film coatings aiming to achieve self-sustainable food and crop storage
facilities which will run effectively with its own generated energy. An infrastructure will be de-
signed and constructed that will comprise a hybrid power generation system accompanied by
thin-film coated semitransparent and non-transparent construction materials for energy saving.
Thin-film low emissivity (Low-E) type coatings will assist the transparent or semitransparent con-
struction materials to reflect most of the infrared (IR-mostly heat) and UV spectra of sunlight
without interrupting the visible spectrum and will lead to saving energy consumption by reducing
the heat and lighting during day time

Keywords: coating; food and crop; hybrid energy; storage facility; sustainability.

1. Introduction

The present world is running on 16 trillion watts of power per year which is mostly
generated from fossil fuels. Among all users the residential and commercial consumers in
the building sector consume one-fifth of the world’s total delivered energy. In order to
reduce the carbon dioxide (COz) emissions as well as achieving an improved green globe,
the uses of renewable energy sources are well known. However, using only renewable
energy sources will not be the best solution for a fossil-fuel-free sustainable green world.
It seems that the combination of simultaneous energy-generation and energy-saving ap-
proach can help to redesign the pathways to build a new-sustainable world. Scientists,
physicists, engineers, and other researchers together with a large number of the world’s
population should work together to save the planet. This research proposal combines
two distinct research areas for achieving simultaneously energy generation and energy
savings for sustainable off-grid production of food and storage. The proposed approach
is to combine optimized hybrid power generation systems with coating materials applied
to transparent/semitransparent roofing sheets which can control the solar spectral radia-
tion into the storage facility and can control the heat out of the storage facility. Since this
is a research concept only and it is in an early stage, this paper cannot present any quan-
titative and qualitative or estimated data. We aim to deliver a comprehensive insight into
our research project.

the author(s). Distributed under a Creative Commons CC BY license.
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2. Background and Motivation

Grain losses are a fact of life for all farmers throughout the process of grain produc-
tion. This paper is concerned with grain loss post-harvest during storage and how this
can be mitigated. Post-harvest grain loss is one of the major causes of food insecurity for
small-holder farmers in developing countries. In most cases, the smallholder farmers ei-
ther in developing countries or in the rural farming and cultivation areas use conven-
tional grain storage structures using various effective storage processes. Hermetic storage
systems are an effective means of storing grain efficiently, minimizing grain loss without
the use of chemicals. By reducing grain storage losses and maintaining grain quality
through the use of a hermetically sealed system, food insecurity for small scale producers
will be reduced as profits will increase. Besides all other costs, these kinds of storage fa-
cilities have a massive budget for energy consumption to regulate and maintain adequate
temperature, relative humidity, ventilation, and air circulation [1-4]. In recent years, en-
ergy: cost efficiency has become one of the key factors for sustainable food and crop
storage facility, that stimulate scientist’s enthusiasm to introduce more off-grid,
self-sustainable energy-harvesting, and saving facilities.

Among the commercial consumers, the farming and food security section is one of
the main candidates that usage energy 24 hours in a day and all the year-round as well.
To cap the carbon dioxide concentration in the air at 450 ppm, it is necessary to reduce the
energy harvest from burning fossil fuels up to 3 TW within the next 25 years and produce
the rest of the required energy from renewable sources. Besides this, all the traditional
industrial renewable energy generation resources including photovoltaic (PV) solar
farms using huge land areas, impacting land-use efficiency [5-15]. Recently, a significant
number of research works have been projected to build an optimized hybrid power
generation system that can be a potentially cost-effective solution to reduce the budget of
electricity generation in developing countries and/or remote areas. Recent research re-
ports show that a hybrid power generation system can predominantly encompass more
than one renewable energy generation systems thus can lead developing an integrated
and sustainable approach to build a pathway towards a fossil-fuel-independent infra-
structure towards the green global demand [16-28]. Alternatively, thin-film coatings
mainly the low-emissivity (Low-E) type coatings can reduce either the heating-related or
the cooling-related or both (limited cases) electric energy usage in buildings. The low-E
coatings are typically structured as dielectric/metal/dielectric (DMD) multilayer thin
films deposited by various methods, promotes the strong and very wide-band reflection
of thermal infrared wavelengths. Recently energy harvesting PV glass windows (contain
thin-film coating) capable of on-site energy generation simultaneous with the function-
ality of tailoring the incident sunlight spectrum required for different crops that improve
production yields, can be useful for the design and building of innovative and
cost-effective greenhouses for horticultural industries [29-44].

In this research project, an advanced sustainable energy saving, and energy genera-
tion food and crop storage facility would be developed to compensate R & D efforts by
reducing energy consumption and/or provide on-site energy-generation storage facili-
ties, and eventually, that would be the key economic factor for the research area of
modern agricultural biotechnology and food safety. Figure 1 shows a graphical presen-
tation of a modelled storage facility that is proposed and outlined in this project proposal.
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Figure 1. (a) An example of proposed infrastructure that containing more than one power gener-
ating system together with thin-film coated roof materials, (b) A hybrid power genera-
tion/collection system diagram, and (c) An optical transmission of power through the thin-film
coatings deposited on the glass substrates, which shows that most of the UV and IR bandwidth of
the Sun spectrum (mainly heat) can be filtered by this type of coating structures without inter-
rupting the visible light. Note the advances of materials and their physical processing systems al-
low depositing large-scale size spectrally selective thin-film coatings on any substrate.

3. Approach and Methodology

This research will be based on the optimization of energy savings by thin-film
coatings, and renewable energy generation systems for reducing the cost of energy and
minimize the greenhouse gases. The optimization process required some input parame-
ters, such as meteorological data, load use of the particular located area, system config-
uration, energy system model, etc. This research methodology assists to minimize the
total system cost and reduced the production of CO2. For modeling of the component, the
Hybrid Optimization of Multiple Energy Resources (HOMER) software will be used for
simulation. The design and configuration of solar, wind, and other power generation
systems for the hybrid system includes.

1)  Select and Modelling of PV Arrays System,

2)  Select, Modelling, and optimization of other power sources like diesel,

3) Study the effective battery bank for storage,

4) Study the voltage mismatch and effect of shading effect on the losses of PV
systems,

5)  Study the cost-efficiency in terms of power generation and savings, and

6) Practical demonstration of the mini-scale cold-storage facility.
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4. Significance and Innovation of the proposed research concept

This proposed research project will be a novel, revolutionary, and highly promising
R&D direction in modern materials science and photonics, to help to develop and testing
an innovative and practical thin-film optical coating applicable to save heating and
cooling related energy together with the successful development of an optimized hybrid
energy generation system. The innovations in energy materials science and engineering
will also be beneficial to the construction industry. This research project includes the
following specific objectives:

1) Achieving an improved understanding of materials scientific properties relevant to
the design and fabrication of customized multiple low-emissivity (low-E) coating
type with precisely spectrally-controlled features.

2) Developing small-scale new highly durable optical coatings following environ-
mental (heat and humidity) exposure test.

3) Optimization of a stand-alone hybrid system using the HOMER software.

4) Developing and investigating the viability of multiple renewable energy generation
processes and development of an optimized hybrid system with minimum power
losses due to mismatch of high voltage and current.

5) Minimize the cost of consumed energy and reduce the pollution commission which
is mainly responsible for the greenhouse effect by using a hybrid (so-
lar/wind/diesel) system.

6) Minimize the system cost of stand-alone renewable sources by using a hybrid sys-
tem with the help of mathematical components that are required for modeling.

7) Optimization of solar, wind, and diesel with storage systems using a genetic algo-
rithm (GA) method.

The broader significance of this research project includes (i) promotion of national
research in nanomaterials related technology (ii) advanced understanding of applied
science in cutting-edge renewable energy technologies, and (iii) generation of knowledge
and intellectual property that will bring benefits to the researchers, industries, and
communities.

4.1 Expected outcomes of this research work

The expected outcomes of this research will advance the knowledge and practice in
the design of advanced coating assisted savings and hybrid models of renewable energy
generation system for cost-effective, stand-alone, and off-grid construction facilities for
food and crops storages. Particularly, the research will enhance knowledge through:

1) The study and characterization of a new hybrid energy generation system.

2) Study of energy savings with the assistance of thin-film based coatings from the
economic point of view.

3) Practically cost-effective, energy-generating and energy-saving storage (small size)
will be designed, constructed, tested, and validated for the future use in food and
crop industries as well as small and medium businesses.

4) The results of these R&D activities are expected to have a sustainable impact ex-
tending well beyond the current expansive food and crop storage facilities.

In addition, significant innovations are expected in food industries due to the in-
cremental demand for energy-savings towards obtaining net-zero facilities in the future.
The research results can be circulated through: (i) high-impact articles submitted to in-
ternational journals and conferences, (ii) general-interest on articles and media releases,
(iii) scientific articles presented in national and international seminars and conferences,
and (iv) interaction and engagement with industries. Moreover, this research project will
open the possibility of applying for many governments and industry-funded research
grants. Furthermore, the development of these new technologies will create a new mar-
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ket and will offer more job opportunities, requiring personnel for business management,
sales and marketing, administration, logistics, and manufacturing.

4.2 Project timeline and expectations

The expected outcomes of this proposed research project are divided into several
parts (considering the project time about two years) as elaborated below:

The first phase (P1): A rigorous literature review and gather up to date information
about existing and new renewable energy systems and advanced coatings (i.e., Low-E
type) will be conducted to find out the real issues, i.e., the research gap that needs to be
addressed or be upgraded for the benefit of the existing renewable systems, utilities and
consumers.

The second phase (P2): This period will be projected for comprehensive modelling
and optimization of hybrid power generation systems, together with the designing of
thin-film coatings (spectrally-selective). The simulation will be conducted using hybrid
energy system modelling using the HOMER software, and also modelling the coating
will be conducted using commercially available software such as OptiLayer Pro and
others. Then, the model-based simulation and experimental results will be analysed and
processed for documentation and research publications in high impact reputed journals.

The third phase (P3): The outcome of this phase is less rigidly defined as in the
previous Parts 1 and 2. In this part, investigation of detail the performance and analyses
will be followed for daily/weekly (average) updated data (i.e., power generation and
saving).

The fourth phase (P4): The outcome of this period is research publications that are
less rigidly defined as in the previous Parts. In this part, it is expected to publish the re-
search outputs in peer-reviewed high-quality journals (Q1) and leading national and in-
ternational conferences, workshops, and media releases (both locally and nationally).

4.3 Benefit and Communication results of this research

The research project will create the opportunity to establish and build capabilities to
conduct cutting-edge intelligent and smart energy system researches, simulation, and
building toward a more specialized research capability in smart food storage facilities. It
is expected that this research will be enriched through international partnership collab-
orations with overseas institutions and scholarly publications. Also, this work will con-
tribute to a large knowledge base and specialized research group for renewable energy
and sustainability of Off-grid systems which can offer expertise to industry as the re-
newable resources worldwide. This project will enable us to accomplish the following
major expectations in the future including (i) Development of Off-grid Hybrid Power
Generation and Saving Infrastructure, and (ii) Building National Research Capacity and
Priorities.

5. Conclusions

This section is not mandatory but can be added to the manuscript if the discussion is
unusually long or complex. This project will deliver a model for advanced crop storage
systems that will enable the generation of energy and the saving of energy in food stor-
age facilities and so assist remote area farmers and small/medium business holders. Pos-
sible future research publications are as follows:

% Design and optimization of off-grid stand-alone hybrid power generation systems
in conjunction with the use of coated materials for buildings.

% Feasibility study of optimized off-grid energy engineering for food storage facilities
in rural or coastal areas.
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% Case studies of hybrid power generation systems in conjunction with solar con-
trolled coated building materials for the practical demonstration through pilot
projects.

% Cost efficiency and payback period relationship studies for the practical imple-
mentation of an optimized hybrid power generation system in conjunction with
modern coated building materials.

So far we have conducted a slightly different research work (simulation based)
based on this concept and reported in a high impact journal “Sustainability” [45]. In the
reported article, we demonstrated the design and optimization of a thin-film coat-
ing-assisted, self-sustainable, energy-efficient and cost-effective off-grid hybrid (photo-
voltaic-battery-generator) power system suitable for advanced cattle farming in Bangla-
desh which is a new and forward-looking approach for sustainable development of the
livestock sector. Based on the simulation results, we recommended that energy engi-
neering together with the advanced building material coatings can be the model for
modern farming in any rural areas, and can help to reduce the carbon emission footprint
as well [45]. However, the practical demonstration of this work is an on-going research
program within our group depending on the availability of sufficient research funds.
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