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0.4 ABSTRACT 

The roofing industry is booming, with an ever-growing demand for roofing services. However, 

it’s also a highly manual industry that’s not very sustainable. There are many challenges that the 

industry faces, such as high labor costs, expensive and inefficient materials and difficult access to 

roofs. This is where Zero Roofing comes in to offer a solution. Zero Roofing is an innovative 

company that designs and develops sustainable solutions for the roofing industry by using 

advanced technologies to create a “zero footprint” approach. They provide a range of options for 

materials, including recycled plastics and carbon fiber composites, which can be used on top of 

existing roofs or within new construction projects. Their products are designed to last longer than 

their competitors' without the use of harmful chemicals or other toxic substances. By using these 

solutions, Zero Roofing has been able to reduce labor costs by up to 50%, significantly decrease 

material costs due to reduced waste, and increase production rates. 

The present zero-waste roofing technologies help cities enhance biodiversity, lower urban 

temperatures, boost health and quality of life, and protect themselves from excessive energy prices 

and power outages. Reflective, "cool" roofing materials are one of the most promising sustainable 

roofing innovations available now. The market for reflective roofing has been expanding for the 

past 20 years, and it is based on an ancient idea made possible by contemporary technologies. By 

reflecting the sun's rays, buildings may save their cooling costs by as much as 20%, while also 

lowering ambient temperatures, enhancing indoor air quality, lowering health risks, and offsetting 

the warming effects of greenhouse gases in the atmosphere therefore the zero waste roofing 

industry. 
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1.0 INTRODUCTION 

Large, single-story retail buildings rely heavily on their roofs. The contents of a warehouse 

and any decorative touches may be ruined if the roof were to flood. Although it's a concern for any 

industry, the retail sector's cutthroat competition magnifies the problem's effects. Additionally, 

leaks can create slippery surfaces that might cause injury to visitors and staff. The roof of a typical 

Target store makes up more than 75% of the building's exterior (Aboginije et al., 2020). The initial 

investment, continuous maintenance and energy costs, and eventual replacement cost are all 

affected by the roof system chosen. 

The growing need to enhance the sustainability of cities is underscored by the fact that we 

are simultaneously facing the difficulties of a warming planet and a massive movement of people 

from rural to urban areas (Aboginije et al., 2020). It is generally accepted that sustainability has 

positive effects on urban quality of life, economics, energy usage, and health, yet even the most 

progressive cities have trouble making rapid changes to their complex and linked urban 

ecosystems. Smarter decisions concerning zero waste roofs, such as utilizing more solar reflecting 

materials, may have an immediate and substantial impact on the global movement to make cities 

more sustainable. 

This paper will discuss how to create a zero-waste roofing industry to save energy, cut 

energy bills, improve grid reliability, cool urban heat islands, and improve the health and social 

welfare of its citizens, as well as review the benefits, costs, and technologies available to 

implement such roofs (Aboginije et al., 2020). Whether it's because of rising environmental 

concerns or a personal long-term dedication to the cause, sustainability is at the forefront of 
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people's minds these days. If you're unfamiliar with sustainable materials, it might be much more 

challenging to determine what is and isn't acceptable. 

A lack of knowledge about what constitutes sustainable building practices makes it difficult 

for the general public to determine whether or not a certain building meets the criteria for 

sustainability. The roof has a major impact on the thermal performance and, consequently, the 

energy efficiency of a structure (Anawar, 2019). Consider the full life cycle of a material, from 

raw material extraction to final disposal, when making your material selections for a construction 

project. Factors like how long the product lasts and what kinds of substances make up the bulk of 

it. Materials that use less nonrenewable resources in their production are easier on Earth's limited 

supplies of such materials. A product's longevity determines how often it will need to be replaced 

and how long it will be able to avoid being thrown away. As an added bonus, waste that can be 

recycled into new membrane is diverted permanently from landfills. 

Many roofing materials now have Environmental Product Declarations (EPDs) available 

for purchase. Consumers can benefit from these publications by learning about the product's Life-

Cycle effects. Cradle-to-gate results are reported by the majority of companies, but they don't tell 

the whole story of their goods' existence (Apollon et al., 2022). The thermal insulation and cover 

board (if fitted) are often still in excellent working condition when the roof is replaced at the end 

of the membrane's service life. Removing the PVC membrane will do minimal to no harm to the 

underlying boards because it is bonded to the boards mechanically. 

Most instances of mechanical or moisture damage are confined to specific spots. The 

insulation can be kept in place for the most part; however, any damp or damaged sections should 

be removed and replaced. Before installing a new membrane, it is possible to add insulation or 

cover board as necessary to bring the structure up to code (Aboginije et al., 2020). Considering 
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that insulation accounts for more than half of the material costs in a typical mechanically connected 

PVC roof membrane assembly, this has a considerable impact on the bottom line. You also save 

on labor expenses associated with tearing out the old insulation and replacing it with new cover 

board. 

Each time a membrane is replaced without the insulation in a store being replaced, the 

company saves around 730 m3 (26,000 cubic feet) of garbage that would have gone to a landfill. 

By not having to create new material, we save both energy and raw resources over the decades that 

the original material will continue to serve under the new membrane (Apollon et al., 2022). They 

can easily recover the entire zero waste roof in the future, if necessary, since, from the standpoint 

of the building code, the entire structure is regarded a single zero waste roof system. 

Using light-colored membranes to reduce cooling costs, choosing the longest-lasting 

thermoplastic membranes, maximizing service life through Proceedings of the 2011 International 

Zero waste roofing a comprehensive maintenance program, and salvaging insulation and cover 

boards all contribute to making this development among the most sustainable models possible for 

zero waste roofing operations (Awogbemi et al., 2022). However, there was still space for 

development. The zero waste roof membrane was being disposed away in a landfill along with 

everything else. 

When a product reaches the end of its useful life and still causes problems for society and 

the environment, it is considered waste. Given the ever-changing nature of waste composition and 

quantity, it is difficult to manage and handle the garbage in a way that is both cost-effective and 

kind to the environment (Apollon et al., 2022). While industrialized Asian nations typically 

employ incineration, most underdeveloped Asian nations instead rely on open dumping and 

landfills. Poor waste management causes environmental damage and health problems by releasing 
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harmful elements into the air, water, and soil through practices including landfilling, incineration, 

and open dumping. Cement, wood, brick, concrete, aluminum, tile, steel, asbestos, heavy metals, 

persistent organic compounds, and Volatile Organic Compounds (VOCs) were all found as part of 

the waste stream. 

Zero waste roofing is produced as a result of design modifications, a breakdown in 

communication between the design and construction teams, an increase in the overall time of the 

project, and a dearth of design information. Buildings and demolitions account for 30 percent of 

all trash sent to landfills, making the industry a major polluter worldwide. Landfilling of building 

debris creates health and safety risks (Ayeleru et al., 2018). Landfilling construction debris, as 

stated in, has led to environmental issues such land degradation, habitat destruction, soil and 

groundwater contamination, and methane leakage. Consequently, there is an urgent requirement 

to lessen waste throughout the building process by bearing the consequences in mind. Public 

awareness has grown in recent years, leading to widespread implementation of zero waste 

management practices such increasing the efficiency with which resources are used and the 

circular economy. Effective waste management has the potential to improve both the economy and 

the environment. 

Using a zero-waste roofing system entails a comprehensive strategy that seeks to eradicate 

waste at every stage of the production process. Zero-waste theory relies on renewable resources. 

Concrete, wood, steel, copper, aluminum, bricks and mortar, plastic, PVC pipes, plastic films for 

packaging, wall coverings, glass, ceramic tiles, mineral wool insulation, drywall/gypsum board, 

gravel, sand and soil, paper, cardboard, marble, and granite are all examples of materials 

commonly found in landfills (Apollon et al., 2022). Landfill waste contributes to issues with 

energy and material conservation, as well as the depletion of natural resources. Negative effects 
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on the environment, economics, public health, and social life are all caused by trash as well. Water 

and soil pollution, air pollution, and negative effects on flora and fauna are examples of waste's 

negative environmental consequences, while the loss of primary resources and fuel usage in 

transportation are examples of waste's negative economic implications. In a similar vein, health 

risks, public space usage, and a detrimental effect on workplace safety all have an impact on public 

health and social life. 

To reduce construction and demolition (C&D) waste, construction businesses must employ 

waste-reduction strategies, such as reducing waste produced on-site, implementing waste 

management plans, and taking technique-oriented approaches, such as using prefabricated 

components and prefabrication techniques. Construction sustainability can be achieved by 

planning for deconstruction and disassembly of structures throughout the design phase, and waste 

minimization is an important step in this direction (Badjatiya, 2022). Zero-waste roof creation can 

be managed by planning and building methods, and trash can be recycled into something valuable. 

As a result, the objective of zero waste is an idealistic concept that seeks to alleviate the pressing 

waste problem facing modern society. 
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2.0 PROBLEM STATEMENT 

Problem statement: The roofing industry is not sustainable due to the high cost of materials and 

labor, which leads to a high turnover rate in the workforce. 

Roofing membranes made of thermoplastic polyvinyl chloride (PVC) may be recycled. 

Since the 1970s, most factories making PVC membranes have been reusing their scraps to create 

new goods, most notably walkway pads. The practice of recycling PVC membranes after they have 

served their usefulness dates back quite a while. In the early 1990s, European PVC membrane 

producers began using this technique (Aboginije et al., 2020). In 2005, a membrane made by a 

company in the United States underwent its maiden trial run. PVC roof walkway membrane was 

made using recycled membrane from the Boston Marriott Long Wharf hotel's re-roofing project. 

Strips of old membrane, typically measuring 1.8 m (6 ft) in width, are removed during a tear-off 

of a mechanically attached single ply. The strips are usually chopped to lengths of 31 meters (100 

feet) or more before being rolled up or bundled and thrown into a dumpster together with the other 

materials left over after a demolition project. 

When working on a recycling project, it's important to separate the membrane from the rest 

of the trash before sending it out to be processed. For the initial project in Maryland, the old 

membrane was cut into 600 mm (2 ft) broad strips, about 9 m (30 ft) in length, rolled, and taped to 

prevent unrolling in an effort to maximize the quantity of material on a truck for transportation 

(Apollon et al., 2022). The amount of cutting and handling that resulted was greater than double 

the previous amount. 

In an ideal world, the contractor would not have to do anything different with the material 

beyond the usual precautions used during a tear off with disposal. Attempts were attempted to trim 
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the materials to the standard width of 1.8 meters (6 feet) and wrap or bundle them up. However, 

there were complications in safely palletizing the material for removal by crane from the roof, in 

making the most efficient use of available space in the delivery trucks, and in managing the 

material after it arrived to the processor's facility (Anawar, 2019). Cutting the membrane into strips 

915 mm to 990 mm (36 in to 39 in) broad, by about 15 m (50 ft) long, and packing them in 

"Gaylord" boxes (extremely heavy duty cardboard boxes), roughly 1.2 m (4 ft) cubed, has been 

determined to be the best method to date via several experiments. The amount of material that has 

to be cut has been reduced by nearly half compared to a traditional tear off and disposal, the 

Gaylords can be simply unloaded from the roof of a tractor trailer onto pallets, and the material 

may be handled by the processor. 

As time went on, it was also discovered that tack welding the end flap of the membrane to 

the roll was a faster alternative to taping the rolls and provided the same level of security. In most 

cases, the old membrane's fasteners and plates are simply covered over by the new assembly. When 

a project is completed, the debris (wood skids, various types of packaging, etc.) and any fasteners 

and plates that were removed are collected and sent to a recycling facility (El-Haggar, 2019). To 

reduce the amount of waste created when installing the new roof, any cuttings, scraps, or leftover 

membrane materials may be tossed into the Gaylords and reused. 

The contractor in charge of recycling PVC roof membranes must typically remove the 

membrane from the roof, "package" it, and then put it into a tractor trailer for transport. The 

membrane manufacturer paying for the return shipment and processing into an useable state is 

responsible for covering all of these expenses (Gupta, 2020). The contractor will need to put in a 

little extra time and money to remove, consolidate, and ship the material. This is counterbalanced 

by not having to rent as many dumpsters and not having to pay as much to dispose of the debris. 
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The building owner or contractor will incur minimal if any additional costs due to the ease of the 

process. 

3.0 GOALS AND OBJECTIVES 

This Zero Waste Roofing Industry Plan is intended to guide City officials in the planning & 

decision-making process to achieve Zero Waste goals. The objectives of this Zero Waste 

Roofing Plan are to identify opportunities to: 

❖ To reduce volume and toxicity of roofing wastes. 

❖ To reuse materials and roofing products 

❖ To expand recycling and composting services for all sectors and materials, to recover 

materials for their highest and best use. 

❖ To adopt policies and incentives to help achieve Zero Waste in the roofing industry. 
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4.0 SCOPE 

The roofing industry is one of the most wasteful industries in the world. It generates a lot 

of waste and pollution during production, transportation and installation. Roofing materials are 

made from a variety of different materials such as wood, metal, plastic, rubber and asphalt. When 

these materials are disposed of improperly they can have negative effects on the environment. For 

example, when plastics are burned they produce toxic fumes that contribute to air pollution. 

Roofing materials also create a lot of waste during production. The average roofer will use 

about 600 pounds of material for every square foot he installs. This creates an immense amount of 

waste that can be avoided if we start using renewable resources like bamboo or recycled plastics 

in our roofs. The process is also highly polluting because it creates CO2 emissions during 

production and transportation as well as VOCs from adhesives used in construction sites which 

contribute to air pollution and ozone depletion. 

The Environmental Protection Agency (EPA) found that recycling and composting resulted 

in the greatest decreases in energy use and greenhouse gas emissions. Because of this, Zero Waste 

prioritizes reducing and reusing items before recycling and composting, so that no useful material 

is ever wasted. It is becoming more and more obvious that recycling and composting alone, to the 

extent that they are currently being implemented, are not sufficient to meet the system's needs 

(Haeusler et al., 2021). While American recycling rates have increased over the past two decades, 

landfill and incineration rates have increased much farther. Even if California is doing somewhat 

better than the rest of the country, that difference is not significant. By 2002, California had 

reduced its annual garbage disposal by around 5.5 million tons, or about 12.5 percent, from 1988 

levels. 
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During this time span, the population rose by 4.1%, and the economy expanded by almost 

8%, thus any reduction is quite noteworthy (Apollon et al., 2022). But this emphasizes the fact that 

Zero Waste cannot be achieved with the present amount of recycling alone. Recycling and 

composting are better options than landfilling and incineration, but they still have environmental 

disadvantages that might be mitigated if less garbage were produced. 
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5.0 LITERATURE REVIEW 

The zero-waste roofing material selected must take into account the building's location and 

environment, as well as being adaptable enough to accept changes. Whether certain roofing 

techniques are appropriate for usage in each of the six climate zones. While insulation helps to 

minimize heat input into slabs, it does not provide passive cooling at night; hence, in hot places, 

particularly tropical, subtropical, and desert climates, passive cooling performance should take 

precedence over insulation (Ayeleru et al., 2018). If the facility will be used during the colder 

months, there may be an energy expense connected with adopting passive cooling technologies. 

Roof insulation is more appropriate in cold regions to promote thermal stability inside structures 

and to reduce energy consumption required to heat interior rooms, although passive cooling is a 

significant advantage in warm and arid climates. 

In a Mediterranean climate, adding thermal insulation to a roof can minimize heat loss from 

a building by up to 56%. In hot places such as the desert, the tropical, and the subtropical, the need 

for cooling is greater, making passive cooling solutions more practicable. Because of the varied 

cooling and heating demands caused by the weather, buildings in the Mediterranean and 

Temperate zones benefit from approaches that involve insulation or insulation in combination with 

passive methods (Gupta, 2020). In a mountainous or arctic environment, extreme cold can be 

expected on any given day. In such cases, insulation is the best alternative. These roofing systems 

can be built into a project from the start or installed later. 

5.1 A Review of Roofing Methods 

5.1.1 Concrete Roofs 

One of the most common roofing materials is a concrete slab. Even though there is a wide 

variety of structures, most of them have excellent heat conductivity. Occupancy under such roofs 
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is thermally unstable and uncomfortable all year round because of their propensity to absorb 

external heat in summer and to suffer thermal losses in winter. Scientists have been trying out 

various treatments for the concrete slabs in an effort to make them better. Concrete heat gain may 

be decreased by 10-19% just by using plastic debris and tires in the mixing process. Roof dead-

load can be reduced with rubberized concrete (Khumthai et al., 2022). Thermal conductivity can 

be decreased by 13.65-40.42% when using a hollow concrete roof. In addition, these slabs' thermal 

conductivity may be drastically lowered by applying a reflecting coating and insulating layers. In 

recent years, researchers have begun to implement the usage of phase change material (PCM). 

5.1.2 Cool Roofs 

Reflecting the sun's rays is as simple as covering a roof slab with a reflective layer or 

coating. This layer is often white. Darker colors absorb less light, increasing the surface 

temperature. However, studies have explored how dark colors may still be useful if they have a 

high reflectivity performance (Apollon et al., 2022). For passive cooling purposes, this method is 

commonly employed in hot environments like the dry and tropical zones. On the other hand, this 

approach incurs an energy penalty during the winter months since it prevents the building from 

using passive heating at the roof and cannot prevent heat loss from interior areas via the roof slab 

unless thermal insulation is also installed. Up to 33% of heat flux can be mitigated with this 

technique. 

In comparison to other approaches, the payback time for a cool roof might be as little as 

two months. As was previously indicated, it incurs an energy penalty of around 12% for heating 

loads outside of a Mediterranean environment, and a loss in cooling of around 30%. The lower 

surface temperature maintained by cool roofs, in comparison to solar panel roofs and roof gardens, 

might increase the effectiveness of passive cooling in the evenings (Badjatiya, 2022). When 
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heating needs are high, it's important to give this technology careful consideration before installing 

it on the roofs of buildings and potentially increasing the building's heating bills. 

5.1.3 Roof Gardens 

Vegetation on roofs has several positive effects on buildings, including better insulation, 

passive cooling in the summer and passive heating in the winter, CO2 absorption during the day, 

increased oxygen production and air filtering, better space use, and better storm water 

management. It also offers edible landscapes and protection from urban heat islands (Gupta et al., 

2020). Rooftop gardens would come out on top in terms of cost-effectiveness and efficiency if 

compared to other forms of insulation. Rooftop gardens are an effective heat mitigation strategy 

for tropical and other high-temperature regions. At higher temperatures, passive cooling's 

effectiveness decreases, especially in dry areas where it has been found to fall by 24–35%. A roof 

garden's heat flow can be decreased by as much as 80% by including an insulating layer, reflecting 

material, and ventilation. If the building's construction can accommodate it, a roof garden may 

improve ventilation efficiency by as much as 20%, and it's a simple retrofit. 

The addition of a roof garden in Singapore's first zero energy building resulted in a 

predicted 70.2 (kWh/m2/year) in annual energy savings when compared to the baseline energy 

consumption of the building's existing 4502 m2 gross floor area (Aboginije et al., 2020). 

Furthermore, green roofs lowered the air temperature by 7 C and the roof surface temperature by 

24.5 C relative to the baseline scenario. The components of a roof garden affect how quickly it 

pays for itself. The payback period for a basic waterproofing, soil, and grass layer in a moist region 

is around 10 years. If it is planted aggressively and requires a unique framework and parts, 

however, that lifespan might extend to 25–57 years. 
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Due to the numerous additional benefits it may offer to the building and its value, the 

payback period in this approach would be unfair if compared with others solely from the energy 

saving aspect (Ayeleru et al., 2018). Those making choices ought to think about the bigger picture. 

While it makes sense for a roof garden in a tropical environment to rely on passive heating methods 

throughout the winter, this approach may not be sufficient in colder climates due to the potential 

for thermal energy loss. It is possible to reduce heat loss and improve energy efficiency by 

combining the roof garden with insulation. 

5.1.4 Photovoltaic Panel Roof 

It is becoming increasingly common to install photovoltaic (PV) panels on the rooftops of 

buildings as a means of generating electricity for such structures and decreasing their dependency 

on fossil fuels for power generation. They reduce heat gains on roofs by shading panels and 

absorbing solar radiation, which has a knock-on impact on a building's energy efficiency. The kind 

of roof insulation affects how much cooling loads are reduced by shadowing from solar panels 

(Anawar, 2019). By insulating the roof, heat flow can be decreased by 60-63% compared to 

exposed roofs. Energy savings in a tropical climate can sometimes reach 6-7%. It would cost more 

to heat the building in the winter or in colder areas. 

The heating loads increased by 6.7% in the winter and decreased by 17.8% in the summer 

in another experiment conducted in a Mediterranean environment, comparing a conventional roof 

to one with Photovoltaic Panels. The efficiency and payback duration of solar panels, which can 

range from 4-11 years, are directly influenced by their materials, orientation, capacity, tilting 

degree, and roof finishing materials (Aboginije et al., 2020). The placement and orientation of a 

building has a significant impact on its potential for PV generation and energy efficiency. When 

considering the various climates, the prospective returns on PV investments are highest in warmer 
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regions. Furthermore, studies have shown that the electric and magnetic fields produced by 

photovoltaics are safe for human exposure on a global scale. 

5.1.5 Double-skin Roofs 

By employing two layers with an air gap in between, this technique hopes to limit heat 

flow through roofs. One layer acts as a heat reflector/absorber, while another seals off the inside. 

The space acts as a thermal barrier, preventing heat from transferring between the layers under 

discussion (Ayeleru et al., 2018). Due to the dynamic nature of air in the gap, thermal resistance 

for a double-skin roof is also dynamic. Researchers have proposed improving the system's 

effectiveness by putting a reflective material to the first layer and using more effective insulating 

materials in-between the layers. 

With its ability to act as a passive cooling system, a double-skin roof is an excellent choice 

for warm areas. In tropical conditions, this approach has been shown to minimize heat gains by up 

to 71%; however, its effectiveness drops to 25% if the overlying layer has a lower capacity to 

absorb or reflect heat (Badjatiya, 2022). Including a reflective coating in the top slab can boost 

efficiency by as much as 85%. No published work looked at the payback period for this approach, 

however it might be quite some time depending on the secondary roof's design. 

5.1.6 Insulated Roofs 

Insulation is the most frequently used roofing method, and in many countries’ insulation is 

mandatory. However, alternative passive cooling/heating strategies can be more efficient in 

particular circumstances. The effectiveness of insulation is determined by the thickness of the 

insulation layer and the thermal conductivity (k) of the material. The heat conductivity of various 

materials had been the subject of much study (Apollon et al., 2022). A system that uses half the 

thickness of the insulation layer to achieve the same effect has been introduced. The researchers 
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used a 2.5 cm thick insulation layer over a slab, and then placed a screed layer on top of the 

insulation with discontinuous concrete strips to support and insure the stability of the system 

(Aboginije et al., 2020). With this insulating setup, you may cut the heat gain by as much as 75% 

in the tropics. 

A total of three additional materials—polystyrene, rock wool, and fine white sand—were 

evaluated in Mediterranean climes, with results of 58.5%, 38.01%, and 62% heat reduction, 

respectively. They performed similarly under heated conditions, so you should expect the same 

results if you use them in a hot region. The effectiveness of insulation can be improved by as much 

as 84% and 88%, respectively, when combined with additional methods like ventilation and a 

reflecting layer (Gupta et al., 2020). Insulation layers made of vacuum panels have been studied 

by scientists, however trials have shown that they are not as efficient as more conventional 

insulation, and have a payback period of around 17 years. Insulation has a shorter environmental 

payback period than an economic one. Additionally, the insulating material and thickness might 

affect the economic payback time, which can range from 3.11 years to 5.55 years. 

5.1.7 Roof Ponds 

Evaporation is considered the most effective passive cooling strategy for lowering indoor 

temperatures. Water evaporation is used in this technique to cool the air stream. Steam is formed 

when water absorbs heat from its surroundings. Because of this procedure, it is possible to lower 

the ambient air temperature (Aboginije et al., 2020). Incorporating roof ponds, which follow the 

same process and reap the benefits of heat exchange with a building's roof and walls, helps to 

lower the temperature of the roof and walls, and therefore, the interior areas. In 1978, Hay and 

Yellot were the first to propose the idea behind this technique. 
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5.2 Comparing the Impact on Heat Gain Reduction 

Various cooling loads inside buildings are affected by the researched roofing solutions 

because of the wide range in performance and heat gain mitigation capability. The cooling energy 

saved is equivalent to the amount lost through reduced heat flow from roofs. A cool pool and wind 

catcher are two of the solutions that have been studied that go above and beyond just minimizing 

the heat flow and provide complete adaptation for interior spaces in hot regions without the use of 

mechanical devices (Ayeleru et al., 2018). Numerous research have addressed the high heat flux 

reduction rates of the reflecting garden roof, ventilated insulated roofs, double-skin with cool roof, 

insulated roof with reflective layer, and cool pool. Rooftop ponds with adequate ventilation and 

walking pools may significantly lower indoor temperatures relative to the surrounding air. 

Assuming they are supplemented by a shade device or reflecting layer, skylights with a low U-

value can significantly reduce heat input. 

5.3 Empirical Literature Review 

There are a number of aspects of these roofing technologies that should be understood 

before making a final decision, such as whether or not they provide passive cooling/heating and 

whether or not they require mechanical operation. Key characteristics of different types of roofs 

(Awogbemi et al., 2022). The energy efficiency of the various approaches is different. Some can 

raise the roof slab's thermal resistance, resulting in better insulation and a lower heat flux; others 

can reflect the sun's rays, preventing the slab from heating up; and still others can cool the slab by 

the evaporation of water. Any one of the approaches we've looked at can have a long-lasting effect 

under the right conditions, but they can also have the opposite effect and decrease energy efficiency 

in others. 
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Various passive cooling roofing solutions, for instance, may significantly reduce heat and 

hence save energy in hot areas. However, there are consequences including an energy cost 

associated with employing passive cooling roofing technologies in cold locations (Badjatiya, 

2022). While it's true that many approaches can help certain structures reach their sustainability 

goals, in most cases, there's only one that's perfect for that structure. This means that a few things 

need to be thought through before a certain roofing technology is applied to a structure. 

The building's intended use and purpose is a primary consideration; however, other 

elements, such as the owner's requirement, the project's budget, and the architectural approach, all 

play a significant impact. A cool roof or lightweight roof pond is highly suggested for buildings 

like factories, warehouses, and sheds that have a lightweight roof structure and have no need to 

utilize their roofs. Buildings that allow access to the roof, such as homes, public and commercial 

spaces, and even some governmental structures, have a great opportunity to implement roof 

gardens or biosolar roofs, which have been shown to increase the value of the structures and 

provide more places for people to spend time in nature (Apollon et al., 2022). Photovoltaic panels 

are an excellent choice for the roofs of big electricity-using structures, such as schools and 

government buildings, especially if the rooftop space is otherwise unsuitable or inaccessible. The 

use of insulation is strongly suggested for structures like laboratories and chemical storage 

facilities, which require constant temperatures inside. 

Large-span buildings cannot accomplish passive lighting just with the light coming in 

through the façade, hence additional lighting is required. Skylights are an excellent choice for 

structures like this or for structures that must have solid walls. When it comes to cooling costs, 

certain roof ponds may cut them by as much as 100%, making them excellent choices for a variety 

of structures (Aboginije et al., 2020). A wind catcher is a preferred approach for various buildings 
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since it is adaptable, can be switched off when not in use, and offers good cooling. Last but not 

least, making the appropriate decision relies on striking a balance between all of the 

aforementioned considerations and taking both the immediate and long-term rewards into account. 

Moreover, widespread use of roofing solutions like roof gardens in cities may significantly 

improve urban heat mitigation, making this an effective tactic for handling the intense heat. 

In addition, when implemented on a citywide basis, cool roofs can be a realistic and cost-

effective solution for reducing the urban heat island effect. The likelihood of rain on the outskirts 

of the city might increase with these kinds of interventions. Furthermore, both green and cool roofs 

may diminish horizontal and vertical wind speeds, vertical mixing throughout the day, and lower 

atmospheric dynamics, leading to a stagnation of air near the surface and perhaps contributing to 

air quality concerns (Badjatiya, 2022). The aforementioned solutions require political will and 

commitment to accomplish, and should give due consideration to the potential negative effects. 
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Table 1. The roofing methods’ main features (P = positive, N = negative, H = high and L = 

low). 
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6.0 METHODOLOGY 

The methodology used in this analysis is described here. Procedures for data collection and 

justifications for drawing conclusions will be laid out. 

6.1 Design of Study 

With the use of a literary qualitative investigation, we were able to answer the issue of what 

it takes to develop a zero-waste roofing system. Using this strategy, we were able to compile data 

on what has been previously established on the issue and the results of other related studies in the 

field. The commonalities between the many definitions of a zero-waste roofing industry that have 

been proposed by those engaged in inquiries and initiatives in the region have been distilled into a 

set of criteria that the island must achieve in order to be designated as such (Ayeleru et al., 2018). 

A similar strategy, using interviews and qualitative analyses of literature, has been used to 

investigate the function of recycling systems within a zero-waste zone. In addition to interviews 

and surveys, we also performed some on-site inspections to learn more about current recycling 

systems in action. Mixed methods of quantitative and qualitative research, including interviews 

and observations, were used to gather data for the layout of recycling centers. 

The product development process flow that this study follows is:  

1. Planning  

a. What are the customer requirements?  

b. What solutions are available today?  

2. Concept Development  

a. Choose concept  

3. System-Level Design 

4. Detail Design 
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5. Testing and refinement 

6. Production Ramp-Up 

The first two phases, which are necessary for developing a zero waste roofing industry, are 

examined in this paper. In keeping with the commitment to sustainability, the solutions revealed 

today will be compared to offer alternatives that achieve the recycling station's desired user-

friendliness, material-sorting efficiency (Badjatiya, 2022), and ease of maintenance. This research 

draws cues from the general and commonly used five-step process for idea development and adapts 

it as necessary to meet the required presentation format. The book "Product Design and 

Development" by Karl T. Ulrich, Steven D. Eppinger, and Maria C. Yang provides a more in-

depth explanation of the five stages. 

6.2 Data Collection Methods 

Qualitative research was conducted to gain knowledge and understanding of this topic and 

what has been concluded within this area. Articles, videos, and books on the topic has been 

thoroughly researched (Gupta, 2020). Four interviews were conducted with people who work with 

the topic or similar subjects to get a wider range of information on the topic.   

The interviewed people were:  

❖ a professor of Business Administration at the Department of Service Management and 

Service Studies  

❖ an environmental coordinator  

❖ an environmental manager  

❖ a professor of resource recycling  

The structure of the interviews was semi-structured, and the subject of zero-waste was brought 

up and asked about how the interviewee knows about the subject as well as their  
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perception of what the subject is. The interviews were mainly focused on how the subject is 

interpreted, presented, and used in different industries. Questions regarding systems for reducing 

waste will also be brought up since zero-waste is a philosophy emerging from attempts of finding 

a solution leading to the prevention of waste.   

The interviews all were about 30 minutes long conducted in person or over video calls. 

And after all the four interviews were conducted, enough data was gathered to both support and 

extend the knowledge this study is researching, as well as providing valuable insights on how 

established the subject is at this study’s writing (Awogbemi et al., 2022). The interviewees all had 

international connection and were familiar with the subject as well as having experience with 

similar topics. This was well suited and enough to reach the requested level of this study. For the 

product design process of recycling stations, following the five-step method, the  

research was partly qualitative and partly quantitative.  

Short interviews with users of various models available today was also conducted.   

The interviewed people for this part of the study were:  

❖ a service technician working with recycling and maintenance of property  

❖ a worker at a fast-food restaurant that advertises on being environmentally friendly  

❖ a couple of users of different recycling stations while standing next to the station  

Each of these interviews were about 20 minutes with straightforward questions about use and 

suggestions on improvement as well as how the stations are used today. The interviews produced 

valuable data that gave a good insight in the state of recycling stations today. This method was 

used to get deeper answers on the use of the products. Indirect observations of users were 
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conducted as well, this method is advantageous as one can analyse the behaviours users tend to 

use. 

To learn more about this field and the many conclusions that have been reached, qualitative 

study was done (Ayeleru et al., 2018). The topic has been examined extensively in articles, videos, 

and books. In order to have a more well-rounded understanding of the topic at hand, we conducted 

four interviews with experts in related fields. 

The interviewees included a professor of business administration, a professor of resource 

recycling, an environmental coordinator, and an environmental manager. 

The interviews followed a semi-structured format in which participants were asked about 

their knowledge of and perspective on zero waste. Different perspectives, presentations, and 

applications of the topic in other fields were the primary foci of the interviews. Since zero-waste 

is a philosophy that has emerged through attempts to find a solution leading to the prevention of 

waste, questions about waste reduction systems will also be raised. Each interview, whether in-

person or digital, lasted around 30 minutes (Haeusler, 2021). Four interviews were done, and the 

data collected from them was sufficient to bolster the findings of this study, add to them, and give 

light on how well-established the topic is as of the publication of this study. All of the interviewees 

were well-versed in the topic at hand and had relevant expertise on a global scale. This was just 

right, and it was sufficient to accomplish what was needed for this investigation. Using the five-

stage strategy, researchers used both qualitative and quantitative methods to learn more about how 

best to construct recycling stations (Ayeleru et al., 2018). We also conducted brief interviews with 

current owners of a range of models. This section of the study interviewed: 

❖ a service technician who works with recycling and property maintenance. 

❖ an employee from a fast-food restaurant that promotes itself as eco-friendly. 
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❖ a couple of users of various recycling stations while they stood next to the station 

Each interview lasted around 20 minutes and consisted of simple inquiries on how the stations 

are currently being put to use and any suggestions for improvement. Important information on the 

current state of recycling stations was gleaned from the interviews (Aboginije et al., 2020). A more 

in-depth understanding of how the products were put to use was attained by employing this 

strategy. It was also possible to observe users indirectly, which is helpful for analyzing their typical 

behaviors. 

6.3 Data Analysis Methods 

The data gathered from research and interviews about zero-waste roofing industry was 

analysed and compared with each other to try to gather a general comprehension of the topic. Steps 

2–5 of the five-step approach are for analyzing the acquired data, which is important for the study's 

design (Apollon et al., 2022). The study's objective was not to invent something from scratch, but 

rather to assess the current state of affairs and, using customer needs and issues raised in creating 

a zero-waste roofing industry research, to develop a high-level design for a recycling station. 

Existing models of recycling stations were analyzed as a jumping-off point for this research. In 

this investigation, a so-called Pugh matrix served as a helpful tool for determining which models 

best satisfy the needs of the research. 

The data gathered from research and interviews about zero-waste roofing industry was the 

first step in a long process. But it is an important step nonetheless. The data showed that there is a 

need for a zero-waste roofing industry, and that there are many opportunities for businesses to be 

successful in this space. The research and interviews were conducted to find out the challenges 

faced by the zero-waste roofing industry. The data gathered from research and interviews about 
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zero-waste roofing industry was used to understand the challenges faced by this industry. The data 

will be helpful in understanding the current market trends, opportunities and also in understanding 

what needs to be done to make this industry a success. The analysis found that there are many 

ways that this industry can be improved. One of the solutions is to use recycled materials in place 

of new materials, which will reduce the amount of waste generated by the industry. 

Through the use of a selection matrix, Pugh concepts can be eliminated from consideration. 

The first thing to do is make a list of everything the product needs to do. The next step is to catalog 

all of the product's iterations, or in this example, the many versions of the product currently on the 

market (Anawar, 2019). It is essential to have a baseline against which progress may be measured. 

After that, you compare each notion to the standard to determine how well it fulfills the criterion. 

As an example, "(+ for "better than," 0 for "same as," for "worse than")" displays the grading 

system's plus and minus symbols. There are three possible next steps after receiving grades: When 

the concept has a high enough rating, step two, if you think it will be beneficial, try to merge 

several ideas into one. If an idea for a notion has a low score, throw it out. 

6.4 Validity and Reliability 

When looking for a definition of the topic zero-waste roofing industry to apply over a 

certain area, literary quality research is favored since it takes into account earlier and credible 

research on the topic. The study's findings will be judged by how well they align with the insights 

provided by subject matter experts through interviews. Interviewees were required to be actively 

engaged in an environmental-related project at the time of the interview to ensure the highest level 

of research dependability and audio was captured during all interviews (Haeusler et al., 2021). The 

first stage in coming up with ideas for a project of this sort is conducting qualitative literary study. 

Exploring the current landscape of available models and collecting data on adoption rates laid the 
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framework for the quantitative analysis that followed. When doing indirect observations, video 

recording ensured the highest level of trustworthiness. 

6.5 Zero Waste Roofing Concept 

Zero waste concept is a unifying concept for a range of measures aimed at eliminating 

waste and challenging old ways of thinking. Everything that can be done to reduce, reuse, and 

recycle is rolled into one neat package: producer responsibility. Waste management integration is 

also known as waste management integration or waste management integration (Haeusler et al., 

2021). In addition, the zero-waste idea might be put into action by discouraging trash diversion 

from incineration and landfills and eliminating waste at the source and all along the supply chain. 
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Figure 1 : Linear and circular resource flow 

6.5.1 The Importance of Zero Waste and Its Application to The Construction and Roofing 

Industry 

Understanding the waste minimization benefits, cost-saving benefits, and environmental 

challenges owing to (construction and demolition) C&D waste has brought attention to the topic 

in recent years. Thus, waste management in the construction sector is required to safeguard the 

environment and save natural resources by lowering disposal costs and minimizing negative 

impacts from waste disposal (Khumthai et al., 2022). To my knowledge, there is not a single 
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publication published between 1995 and 2014 that discusses the zero waste documentation for 

C&D trash. The most effective utilization of resources and fewer environmental problems are both 

made possible with the adoption of the Zero Waste concept. The optimal use of raw materials and 

the use of renewable sources will bring sustainability to the building sector, and the elimination of 

waste through the zero-waste concept will solve pollution problems impacting the ecosystem. 

For the zero waste roofing industry, the goal of producing zero waste is an extremely 

difficult one to achieve. The author delved further, explaining that waste reduction at source and 

material, and component reuse and recycle, may be conducted to get the building sector closer to 

the Zero waste roofing (Kwok, 2022). The preservation of natural resources and the reduction of 

waste landfilling are two outcomes of a construction sector that prioritizes waste minimization 

through the implementation of a closed-loop system. Employment possibilities and financial 

savings can be realized through the construction industry's commitment to waste minimization, 

reuse, and recycling. Furthermore, the authors have outlined how C&D waste management can aid 

in both protecting the environment and enhancing people's quality of life. 

6.5.2 Strategies to Achieve Zero Waste Roof in The Construction Industry 

The 3R (Reduce, Reuse, Recycle) approach is being implemented for C&D waste 

management in the construction sector. The 3R paradigm includes waste management solutions 

for handling C&D debris. Waste prevention on-site and taking environmental implications into 

account during the planning phase is advocated by Boss ink and Brouwers (1996) as a vital method 

for effective C&D waste management. Consciousness of the clientele, compliance with codes, and 

inspections (Labahn, 2019). Manage C&D trash with the help of Building Information Modeling 

(BIM) software and other programs like Revit, Micro station, Archi CAD, and Teklato. 
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The disposal of C&D trash is a problem that can be solved by implementing waste 

reduction and avoidance measures. C&D waste management is aided by training and supervision, 

management of subcontractors and workers, material handling and control, procurement, 

communication, and documentation. The accompanying figure elaborates on the external effects 

and limits, as well as the techniques that can be followed, to adopt zero waste roofing in the 

building business (Nithya, 2021). The authors have selected Eco design, Industrial Symbiosis, 

Closed loop supply chain management, Innovative technology, Product stewardship, Life cycle 

assessment, and Environmental Management System (EMS) as the most promising solutions for 

realizing the zero waste notion. 
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Figure 1: Zero Waste System to Achieve Zero Waste  

6.5.3 Enablers to Achieve Zero sWaste Roof in The Construction Industry 

If the zero-waste roofing concept is to be put into practice successfully, it is necessary to 

gain an understanding of the present opportunities or facilitators in the construction sector. There 

are a number of potential facilitators, as reported by the primary sources we examined. Some 

enablers for waste management in the construction sector include legislation and policy, awareness 

and understanding, construction product manufacturing, building design and operation, 

commercial enterprise, material and product recovery, and economics (Anawar, 2019). 

Additionally, waste management in the building sector could benefit from social, economic, and 

environmental enablers. 

According to the authors, the resource value of trash, economic benefit from waste 

treatment facilities, and landfill tax are essential social enablers, while individual behavior, local 

waste management practice, consumption, and generation of waste are critical economic enablers. 

In addition to the aforementioned, major enablers including the changing climate, the 

environmental movement, and increased awareness can help with C&D waste management. 

Construction waste can be reduced with the help of environmental, regulatory, economic, and 

commercial enablers (Awogbemi et al., 2022). Additional enablers for the introduction of the zero-

waste idea include geo-administrative, socio-cultural, management, economic, environmental, 

organizational, and policy factors. 

7.0 RESULTS AND DATA ANALYSIS 

This section of the study includes reflections and discussion of research limitations. It 

addresses concerns that may have emerged during or after reading the paper and suggests 

avenues for future investigation. 
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7.1 Discussion of the first and second research questions 

The findings from the first study question were summarized into three objectives for a 

particular region managed by an organization or corporation in order to achieve a zero-waste 

roofing industry status (Awogbemi et al., 2022). Waste management clarity; reuse/recycling 

benchmarking • Monitoring waste and work towards prevention These aims are grounded in 

findings from the interviews and the literature review, both of which draw on prior studies of the 

subject. One could claim that the findings are skewed and an attempt to present a bad picture of 

the topic because they are based on a literary study and interviews that gathered qualitative data. 

The study's overarching objective was to provide a balanced account of the topic and reflect 

current perspectives on it. The reader must decide whether or not to view the findings as positive. 

In response to the second research question, we found that all sources we reviewed agreed that 

recycling plays a critical role in a zero-waste community. The first step in achieving zero waste 

roofing industry is raising people's awareness of the current state of affairs. However, what 

happens to the debris once we've sorted it—namely, what percentage of it may be recycled 

locally—is an often-forgotten part of recycling (Ayeleru et al., 2018). Sorting trash into its 

component parts is pointless if it will just be burned in the end because there are no other viable 

recycling choices. Researching what can be recycled is necessary before deciding how to divide 

up recyclables into their component parts. 

7.2 Discussion of The Third Research Question Regarding the Design of a Zero Waste 

Recycling Station 

The third research question was meant to serve as a brief illustration of how product design 

for zero-waste may be undertaken; it involved the creation of a recycling station for usage within 

a zero-waste roofing zone that employs zero-waste management. Observations and in-depth 
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interviews were used to collect qualitative data for this section of the study (Badjatiya, 2022). 

Using this strategy was helpful since it revealed not only how much flexibility there was in 

recycling station layout, but also the thought processes behind certain design decisions. 

7.3 Discussion of The Literary Study and Proposals for Further Research on Zero-Waste 

The research questions have been addressed and answered using methods including a 

literature review and the collection of qualitative and empirical data, and the results are presented 

in a logical progression that should allow the reader to grasp the study's foundations with ease. 

The purpose of this study is to inform readers about the zero-waste roofing sector and hopefully 

pique their curiosity enough to motivate them to conduct their own, more focused research on the 

topic (Badjatiya, 2022). Interviews were used to collect qualitative data on the topic. This method 

of gathering supplementary data for the literary study was quite efficient, and it led to a more 

thorough comprehension of the issue. While every effort was made to include the most advanced 

ideas and concepts in the field of zero-waste at the time of writing, it is possible that these will 

evolve in the future and render this study obsolete. 

Given that possibility, it is recommended that readers conduct their own research into the 

zero-waste movement at the time this paper was written. Literature review findings were based on 

prior studies conducted on the same subject. Since the zero-waste roofing industry is an offshoot 

of the "environmental movement," wherein similar ideas are brought up that ultimately work 

towards the same goal, a cleaner earth with goals of sustainability for generations to come, the 

information came in a variety of formats, from research papers to books to articles, etc. Although 

it was difficult to confine the literary research to works solely on the topic of zero waste, this goal 

was accomplished by avoiding the trap of focusing on the topic's impact on the world outside the 

study's scope. 
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7.4 Zero Waste Strategies 

The zero-waste notion can't be put into action without sound solutions. The four 

components of a waste-free system are the initial conceptualization, production, actual use, and 

final disposal (Labahn, 2019). Zero waste in the building sector can be achieved through a variety 

of methods. Eco-design, Industrial Symbiosis, Closed-loop supply chain management, Innovative 

technology, Product stewardship, Life cycle assessment, and Environmental Management System 

are only few of the tactics the authors have chosen as essential to putting the zero-waste concept 

into action. 

7.4.1 Industrial Symbiosis (IS)   

The idea of industrial symbiosis has been established as a branch of industrial ecology. In 

economies based on manufacturing, efforts to cut down on waste have received more focus. In 

addition, the authors noted that IS has compelled them to supply garbage as a key resource to other 

enterprises, which will lessen the environmental impacts of industrial zones. 

7.4.2 Life Cycle Assessment (LCA) 

The environmental effects of a product can be identified, and a more sustainable 

manufacturing and consumption pattern can be achieved, by measuring impacts across the whole 

life cycle, from the extraction of raw materials through the final disposal of the product. 

7.4.3 Eco-Design 

The term "eco-design" refers to the practice of minimizing a product's negative effects on 

the environment over its entire lifespan, beginning with its conception. Eco-design is the process 

of incorporating and balancing existing design practice with an eye on minimizing negative 

impacts on the environment, economy, and society (Ogundiran et al., 2019). Client and design 

team education on C&D waste type ecology concerns management is essential. In order to reduce 
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waste effectively, the building industry must use eco-friendly methods and supplies, and trash must 

be planned out of the system in an ecosystem. 

7.4.4 Closed-Loop Supply Chain Management 

Both the forward and the reverse supply chains make up a closed-loop system. The authors 

explain in detail how reusing the entire product, its parts, or its materials can help to close the loop. 

In addition, a closed-loop supply chain maintains transactions throughout the lifetime of a product. 

Focus on supply chain impacts on on-site activities; focus on supply chain to reduce costs in 

logistics, lead-time, and inventory; focus on transferring activities from the site to earlier stages of 

the supply chain; and focus on integrated management and improvement of the supply chain and 

the site's production are the four pillars on which the construction industry's supply chain rests. 

7.4.5 Product Stewardship / Extended Producer Responsibility (EPR) 

Product stewardship refers to the process by which a product's impacts are managed from 

the time of its inception until it is discarded. Product stewardship, as has been elaborated by 

authors, requires the manufacturer to retrieve the product once its use has been discontinued by 

the consumer. In addition to being a product stewardship and take-back philosophy, EPR is also 

recognized (Ayeleru et al., 2018). According to the authors, EPR is a crucial tool in cutting down 

on waste during the manufacturing process, and it also ensures that everyone is held accountable 

for their part in the process. The term "EPR" refers to a method employed throughout the recycling 

procedure. That's why under the EPR, the producer is on the hook for everything from initial design 

to final disposal. Informational, physical, financial, and legal obligations make up the four pillars 

of the extended producer responsibility (EPR) paradigm, and EPR is a crucial instrument for 

cutting down on and avoiding excessive waste generated in the course of product manufacture. 
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8.0 CONCLUSION 

The waste management system has evolved as a result of the use of novel techniques for 

waste processing. If garbage is kept to a minimum and reused whenever possible, it will be easy 

to manage. Strategies like scrap metal dumpsters and recycling the scrap metal, returning waste 

products into corporate inventory and offering unused materials for future projects, and selling the 

unused materials to recyclers can be followed to manage Zero waste roofing if the generation of 

waste in the roofing industry cannot be controlled. Similarly, the management of zero waste 

roofing in the construction industry can be aided by material handling and control, training and 

supervision, procurement related strategies, management of subcontractors and personnel, and 

communication and documentation methods. 

Furthermore, it has been stated that institutional enablers create an environment that 

stimulates and enforces change through capacity development, bridging policy gaps and 

harmonizing policies, creating economic opportunities, social marketing and advocacy, 

sustainable financing, and knowledge management on technologies and innovation markets. Also, 

just as market pressure necessitates change, technical enabling gives the means and chances for 

making such changes. Institutional facilitators also take into account resources and adaptability. A 

number of studies have examined the elements (technical, political, legal, socio-cultural, 

environmental, and economic) that have an impact on garbage management. In addition, a number 

of enablers have been identified to permit zero waste in the construction industry. These include 

design tools and guidance, measuring the value of material/product, financial incentives to use 

secondary materials, assurance schemes for reused/secondary materials, awareness raising 

campaigns, development of enabling technologies to recover material, development of higher 

value secondary markets, and a viable take-back scheme. 
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The findings of enablers to implement the zero waste concept in the construction industry 

include institutional efficiency, a strong policy and legal framework, public involvement, 

innovative and cost-effective technology, monetary stability, enhanced resource availability, 

efficient waste segregation and collection, recycling, and reproduction. The construction sector 

may be able to reach zero waste with the help of governance, planning, and operationalizing. 

Governance and planning can make use of enablers like product redesign and qualifying 

infrastructure, while enablers like a significant shift in behavior and consumption, rate control and 

financial incentives, changes to the logistical system, and green innovation can be implemented. 

Therefore, the government should take the lead in implementing zero waste in the construction 

industry by strengthening zero waste roofing management regulations for the timely release of the 

waste amount, cultivating a better policy environment to support waste recycling factories, and 

implementing an active waste disposal charging fee. 
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9.0 NEXT STEP 

The construction industry can benefit from a variety of enablers that help bring the zero 

waste concept to life. The construction industry has identified a number of enablers for zero waste 

roofing management, including legislation and policy, awareness and understanding, construction 

product manufacturing, building design and operation, business, material and product recovery, 

and economics. The environmental performance of zero waste roofing management is negatively 

impacted by four types of enablers: institutional, technological, internal action, and incentive. 

Barriers to efficient zero waste roofing management in the construction industry include a lack of 

planning, monitoring, and performance evaluation activities; a lack of information on green 

procurement; and a lack of political will and community involvement in decision-making bodies. 

Ineffective waste dismantling, sorting, transporting, and recovering process; 

underdeveloped individual engagement; overemphasis on recycle and non-environmentally 

friendly methods during C&D phases of construction projects; ineffective to waste roofing 

industry management; all contribute to the challenges faced by zero waste roofing management. 

Construction waste elimination through the elimination of zero waste roofing is hindered by a 

number of factors, including a lack of environmental commitment, a lack of technical expertise, 

poor social values and ethics, a large population, unscientific waste disposal, unscientific planning, 

and ineffective process and administration. Because project participants aren't aware of the 

quantity of waste generated by their work practice, are unwilling and overrely on sub-contractor, 

and prioritize completion over minimizing waste, zero waste roofing management is impacted. 

Furthermore, inefficient coordination among project actors, an inability to accurately 

measure construction waste, and a lack of enforcement of laws and regulations on waste 

management all have a negative impact on zero waste roofing management. Like in the 
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manufacturing sector, the construction industry faces challenges in achieving zero waste due to a 

lack of waste processing facilities, insufficient communication and coordination among project 

stakeholders, inadequate understanding of the environmental impacts of waste disposal, cultural 

resistance to implementing zero waste roofing diversion, and ineffective project processes and 

activities. 

Lack of building design standards for lowering C&D waste, low cost for zero waste 

disposal, and improper urban planning are the key obstacles to reducing zero waste roofing. 

Similarly, inadequate markets for reuse trash, a lack of expertise and standard for reuse C&D 

waste, and a lack of direction for a useful waste collection and sorting have all been noted as 

obstacles to the reuse of C&D waste. Furthermore, identified hurdles influencing the recycling of 

C&D waste include an ineffective management system, immature recycling technology, an under-

developed market for recovered waste products, and an immature recycling market operation. A 

lack of training programs to teach the concept of Zero Waste, as well as inconsistent support from 

upper management and legislators, also impede the successful application of this idea in the 

building industry. 
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