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Green roof researches have many benefits in supporting a 
sustainable environment. During the covid-19 pandemic, there was 

a change in lifestyle due to demands for the prevention of 

transmission, so many activities were carried out at home. These two 

phenomena will be integrated into this study, to provide solutions for 
space expansion in residential areas during the covid-19 pandemic. 

The research method uses an online questionnaire in several regions 

in Indonesia and a small number outside Indonesia; conducting a 

content analysis on previous green roof research; then linking the 
results of community responses and the potential for green roofs. 

The results of the study found that there were still few people who 

knew about the opportunity for a roof to expand its space which was 

more useful, even though there have been many findings of green 
roof innovations. In addition, there is still little research on green 

roofs that relates to the pandemic situation, particularly in 

Indonesia. 
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Introduction 
 

Efforts to deal with Covid-19 are widely 

viewed from several sectors. One that was studied 

by Goel et al. (2020) states that environmental 

conditions need to be considered, because when a 

coronavirus outbreak forces the use of 

disinfectants with other antimicrobial substances 

that endanger humans and the environment and 

the ecosystems in them. The handling cycle and 

the impact of the corona pandemic are illustrated 

in figure 1 can cause other diseases due to climate 

change due to environmental damage. As a result, 

improper handling can provide the risk of 

environmental damage including animals and 

lead to other crises that affect humans. 

 

 
Figure 1. Schemes that show various factors cause 

increased zoonotic appearance 

Source: (Goel et al. 2020) 
 

In a more specific discussion in the scope of 

the built environment, research conducted by 

Megahed and Ghoneim (Megahed and Ghoneim 
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2020) provides an illustration of Covid-19 

pandemic linkages to the built environment as in 

figure 2. 

 

 
Figure 2. Social distancing, lockdown and variable relationship schemes 

Source: (Megahed and Ghoneim 2020) 
 

Megahed and Ghoneim (2020) stated that the 

pandemic increased the requirements for policy 

makers, planners and architects to think further, 

try to reshape our physical space, and reorganize 

the existing building environment or develop 

further from existing land uses in the future. 

Shelters need to be designed to be built in a 

sufficient, independent and healthy environment 

and make intelligent use of available technology. 

At a macro level, it is very important to make 

urban areas more resilient to emergency response, 

to deal with epidemics and other possible 

emergencies in the future. In the end, Megahed 

and Ghoneim (2020) explained that there are two 

paradigms that need to be considered in planning 

development, i.e., looking back by conducting 

environmentally friendly activities and looking 

forward to increasing innovative technology to 

meet needs. The first paradigm, which is to look 

back naturally, can be done with efforts to 

approach the natural environment naturally 

through an urban approach, one of which is urban 

farming; architectural approach, including 

focusing on green space and providing good air 

quality. Meanwhile, the second paradigm 

considers advanced technology through modular 

construction, adaptive reuse and lightweight 

architecture. 

The results showed that anxiety about going 

out affected perceptions of openness and 

publicity, while fear of COVID-19 infection 

affected the impression of space, brightness, and 

naturalness. This psychological effect is reflected 

in the total floor area, window area, and color 

planning. This effect reveals how the designer's 

psychological state affects the spatial elements in 

architectural design (Yu and Fujii 2022).  

The needed of physical distance adapt many 

architectural design, such as garden. A study in 

Indonesia concluded that garden designers agreed 

to use border elements to implement physical 

distancing in public parks. In general, green 

elements are likely to be used even though garden 

designers prefer hardscapes over softscapes as 

border elements (Santoso and Setyabudi 2021). 

Related to density, the research of residential 

density affects the spread of the virus during the 

covid pandemic (Irandoost et al. 2022).  

Equally important, previous studies in the 

realm of architecture are related to the discussion 

of plural settlements to single occupancy, in 

particular green roofs. Green roof research among 

them conducted by de Munck et al. (2018) 
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concluded that green roofs are useful for 

maintaining environmental quality and are the 

most effective way to reduce energy 

consumption, not only in summer but also every 

year. Agree with the research (Ziogou et al. 2017; 

Peng et al. 2019; Ran and Tang 2017; Bevilacqua, 

Bruno, and Arcuri 2020) The effects of various 

greening actions that might occur during different 

seasons are finally overcome by compiling a 

comprehensive inventory of climate impacts of 

the strategy. In addition, (Dimond and Webb 

2017) added that the performance of a green roof 

is beneficial for the improvement of ecology, 

energy and water conservation and architecturally 

can add to the aesthetic value of a building and 

area. In a general context, the application of green 

elements can provide many positive benefits for 

the environment, cities, residential areas and 

buildings in terms of various disciplines (Masson 

et al. 2014; Perini and Roccotiello 2018). The 

positive effect of green areas can reduce pollution, 

reduce greenhouse gas emissions and reduce 

environmental heating, which in turn gives energy 

efficiency benefits to buildings. Further, delivered 

by Qin, Hong, and Jiang (2018) that green roofs 

and green walls not only reduce pollutants, but 

also provide heat reduction and healthier air. This 

research was supported by some researchers 

(Rowe 2018; Gourdji 2018; Teotónio, Silva, and 

Cruz 2018; Sangkakool et al. 2018; Pushkar 

2019). 

Although many studies of green roofs have 

concluded how strategic green roofs are for 

buildings, it is also important to know the 

prospects and sustainability of green roof 

implementation. Research conducted by Yuliani 

and Setyaningsih (2018) on the sustainability of 

green spaces that focus on the role of the 

community, concluded that the sustainability of 

green spaces is strongly influenced by the 

carrying capacity of the community's role. When 

the green element is applied to housing, it is 

necessary to have the involvement of the residents 

of the house to hold it continuously throughout the 

year. If the community's role is neglected, the 

green element will become nonexistent so that 

sustainability cannot be achieved. However, if the 

community's role is very active and takes place 

continuously, the spatial design that brings plants 

to the shelter will be sustainable. In addition, the 

involvement of building occupants is necessary 

given that care is needed for green roofs (Yuliani, 

Hardiman, and Setyowati 2020a). The 

implementation of a green roof on occupancy is 

very beneficial (Teotónio et al. 2020). 

The relationship between research on green 

roofs in residential areas with efforts to deal with 

the Covid-19 pandemic and its effects apparently 

has a causal relationship that is solvable because 

green roof innovations can provide positive 

solutions that do not add to the burden on the 

environment. Covid-19 pandemic requires 

integrative handling by involving various 

viewpoints of scientific fields. The spread of the 

coronavirus is very fast, eventually leading to the 

necessary policies i.e., large-scale restrictions in 

several regions in Indonesia, to prevent the spread 

of the coronavirus, then the house as a place of 

residence is demanded to be a place that supports 

activities during the pandemic. Activities at home 

during the pandemic period include office work 

for those who work, school work for students and 

students to do refreshing also remain at home. The 

house as a place to stay that was originally just to 

unwind and do light or casual activities, is now a 

place that houses all day activities for all family 

members. Changing the atmosphere of the house 

is very important to support the productivity of the 

residents of the house. The roof as an expansion 

in tropical dwelling will be important to create 

residential-friendly and environmentally-friendly 

roofs. 

During Covid-19 pandemic, people did not 

have many choices, as for people the best choice 

was to stay at home. As people adjust to the new 

living arrangement, adaptation to space and space 

flexibility require an innovation to rearrange and 

organize rooms to create a mutually supportive 

relationship between the people and their 

activities at home. Therefore, this study aims to 

identify, map and formulate a space innovation 

strategy on residential roofs as an effort to expand 

space during activities at home. So far, green roof 

research that is relevant to the conditions of 

Covid-19 pandemic from an architectural point of 

view is still very rare. For this reason, the results 

of this study aim to contribute to the innovation of 

roof space expansion as a space that can 

complement the needs of activities at home for 

people to feel comfortable and stay productive. 

Thus, roofing innovation will be able to help 

achieve the acceleration of the handling of the 

19th pandemic from the science of architecture. 

This research focuses on the innovation of 

tropical residential roofs to provide innovative 

roof function development so that all parts of the 

residential space have optimal, effective and 
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efficient function values in that the space 

requirements for occupancy during work at home 

during the Covid-19 pandemic can be met. The 

formulated innovations accommodate the 

expectations and needs of the community and 

further discuss previous studies that deal with 

green roofs. 

 

 

Method 
 

Online questionnaires were analyzed from 171 

respondents internationally and specifically from 

62 cities across Indonesia, including major ten 

islands, i.e., Batam, Sumatra, Kalimantan, 

Sulawesi, Java, Bali, Madura, Lombok, Ternate 

and West Papua. The research method identifies 

the needs of the Indonesian people in sensing the 

space occupied by tropical dwellings, while 

facing the Covid-19 pandemic. The respondents 

answered multiple choice and open-ended 

questions. The data were analyzed with 

comparison of answers from respondents, and 

conclusions were drawn as a basis for 

consideration to develop a roof innovation 

strategy that is the focus of research.  

The questions addressed in this questionnaire 

are: city of resident, responding to residential 

situations, interesting to the room at home, 

efforting to the needs of room, supporting to make 

over the room, understanding of the quality of 

space in residential, knowing on the potential of 

residential roofs, and desiring for the function of 

space on the roof, see table 1. 

 
Table 1. The list of questions 

No Question 

1 During the COVID-19 pandemic, do you feel 

comfortable staying at home? 

2 Which part of the house makes you feel happy 

doing activities? 

3 Do you have the desire to make changes to the 

room in the house? 

4 While at home, write down your ideas for making 

changes to the room? 

5 Do you know which part of your home has the 

opportunity to be developed into a comfortable and 

productive space? 

6 In your opinion, does the roof have the opportunity 

to become a strategic space to be a comfortable and 

productive room? 

7 What kind of space atmosphere do you want, when 

the roof of your residence turns out to be a space 

for activities? 

 

Covid-19 pandemic distribution map in 

Indonesia, as published by the Covid-19 Task 

Force for Accelerating Handling through the 

official website https://covid19.go.id/peta-

sebaran presents data that areas that have patients 

with Covid-19 are on the island of Java, which is 

indeed the most populous island, as in figure 3. 

 

 
Figure 3. Map of Covid-19 distribution in Indonesia in 

October 2021 
Source: (Pemerintah Republik Indonesia 2021) 
 

Covid-19 distribution maps in Indonesia could 

be a priority reference for handling a pandemic. 

Therefore, this study collects 86% of the sample 

of respondents in Java (figure 4). 

 

 
Figure 4. Respondent distribution 

 

The data obtained is the basis for 

consideration in determining the prospects for 

green roof innovation. In the next stage, the 

research was carried out by considering a 

theoretical study of the findings of several recent 

green roof studies in depth through content 

analysis methods to be adapted to the needs of the 

community formulated through survey results 

from respondents. 

 

 

Result and discussion 
 

The study set out with questions to find out how 

the community responded while staying and 

working at home. Results show that 74% of the 

5%

86%

2%
2%

1%
1%0%0%

1% 1%
1%

Distribution of respondent

Sumatera Jawa Kalimantan Sulawesi Bali Madura

Lombok Ternate Batam Papua Lain-lain



Sri Yuliani, Ana Hardiana, Amin Sumadyo, Tri Yuni Iswati:  

Green roof on tropical house as architectural innovation responding Covid-19 pandemic 

349 

 

people felt happy living at home, while 7% were 

not happy (figure 5). Meanwhile, 19% felt forced 

to continue their activities at home, because they 

were constrained by regulations during the 

pandemic. A very high percentage of happy 

people show that people gained the desired 

atmosphere while staying at home. This condition 

is an encouraging result because with many who 

were content at home, the WHO recommendation 

to stay at home and work from home could be 

implemented properly (World Health 

Organization 2020). The positive response at 

home could be interpreted that the community is 

aware of the need to stay at home during a 

pandemic and feel the comfort of the space 

available at home. 

 

 
Figure 5. Community response to residential situations 
 

 
Figure 6. The space at home that people are interested 

in using 
 

Next, the questionnaire asked further about the 

part of the room that is of interest to the 

respondent while staying at home pertinent to the 

respondents' choice of space, figure 6. The results 

show that the majority of the community prefers 

carrying out activities in the family room (52%). 

Meanwhile, 19% respondents prefer the bedroom, 

12% on the terrace, and 10% in the kitchen. 5% 

respondents prefer the guest room, and 2% other 

places. The family room as the most desirable 

space is due to many considerations, such as being 

a larger area and having more facilities. In 

addition, the family room is also the most open 

space, yet still provides privacy, in that the 

residents feel comfortable in the room to work and 

interact with family members. 

 

 
Figure 7. Community efforts to meet the needs of space 
 

As far as room improvement is concerned, 

69% respondents wished to make changes as 

opposed to 31% who chose not to (figure 7). Such 

a choice was based on how people attempted to 

meet the needs of space as comfortably as 

possible during the time spent at home for a 

relatively long time due to Covid-19 pandemic. 

To obtain information related to community 

efforts to make changes in the room, the study 

identified the extent of the respondents' desire to 

make improvements. 

 

 
Figure 8. Structuring efforts made by the community 
 

Based on the opinion of respondents, during 

Covid-19 pandemic the community restructured 

activities on their respective dwellings in several 

ways, i.e., decorating room 51%, adding 

workspace 26%, gardening 19%, and other 

activities 4% (figure 8). 

 

Happy

74%

Sad

7%

Obliged

19%

Community response to residential situations

Happy Sad Obliged

Terrace

12%

Guest room

5%

Living room

52%

Kitchen

10%

Bedroom

19%

Others

2%

The space at home that people are interested in using

Terrace Guest  room Living room Kitchen Bedroom Others

Yes

69%

No

31%

Community efforts to meet the needs of space

Yes No

Making 

workroom

26%

Gardening

19%

Making over 

the room

51%

Others

4%

Structuring efforts made by the community
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Figure 9. Understanding of the quality of space in 

residential 
 

Understanding the quality of space is crucial 

to inspire spatial planning in buildings. Figure 9 

indicates the response of the community to the 

space in occupancy. The majority of people (80%) 

appeared to understand which space had the 

potential to be developed in their homes.  

The study assessed public knowledge on 

whether they know that the roof can be modified 

into a room that is no less comfortable with other 

rooms. Figure 10 shows that the number is not yet 

quite encouraging. 41% respondents agreed to 

such a notion, while 33% were still doubtful and 

26% did not know. Accordingly, research on 

green roofs needs to be further continued so that 

people know and can take a more active role. 

 

 
Figure 10. Respondent knowledge on the potential of 

residential roofs 
 

 
Figure 11. Respondent's desire for the function of 

space on the roof 
 

The study explores the aspirations of 

respondents to the assessment of community 

needs and expectations of the criteria for roof 

space as an expansion of space in residential. 48% 

respondents in figure 11 revealed that the roof 

space could be used for gardening areas in that it 

is beautiful, comfortable, and shady. These results 

reinforce the findings of previous research by 

Yuliani, Hardiman, and Setyowati (2020b) in that 

it turns out that the role of the community is 

directly proportional to the expectations of the 

community's need to bring green space to 

occupancy, providing great support for green roof 

innovation. 

The description of the results and previous 

studies show a condition that the residential space 

requires innovation during Covid-19 pandemic to 

adjust to the demands of work and study at home. 

Opportunities that can be made to add to the 

atmosphere of the rooms, including the roof. The 

roof of a dwelling can be an expansion of a room 

in the dwelling with several criteria, i.e., 

environmental considerations, building energy, 

air quality supply and aesthetic aspects. 

Therefore, the roof could be a potential capacity 

in the environment. The roof of the building has 

the highest heat load and is the largest field of heat 

reflection of a building. Roofs with green 

elements will be able to reduce the heat load of 

buildings and reflections on the environment 

(Dimond and Webb 2017; de Munck et al. 2018; 

Yuliani et al. 2021).  

The roof as the top part of the building 

provides not only a shade, but also an avenue for 

quality air. Previous studies maintain that roofs 

with plants have the ability to provide better air 

quality in rooms inside the buildings and outside 

spaces in the surrounding environment (Abdel-

Aty 2018; Malys, Musy, and Inard 2014; Masson 

et al. 2014). 

Yes
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20%

Understanding of the quality of space in residential

Yes No
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The study of building energy can be 

considered from the aspect of the building 

envelope i.e., the roof and walls. The roof of the 

building with a layer of plants on it can reduce 

energy use in buildings. Furthermore, the 

parameters of building energy efficiency 

determine that the roof covering of energy-

efficient buildings according to SNI 6389-2011 

does not exceed 35 Watts (Yuliani et al. 2021; de 

Munck et al. 2018; Dimond and Webb 2017; 

Yuliani, Hardiman, and Setyowati 2020b). 

From the aesthetic aspect of the building, the 

roof can also play a strategic role even though it 

is in a position above which is sometimes not 

covered by views. The building has an 

increasingly attractive appearance when 

combined with natural elements, one of which is 

combined with plants. The roof is no exception, 

as it will be able to look more attractive with an 

addition of plants on it. Harmonious plant 

management and routine plant maintenance will 

add to the building's aesthetics. 

Residential roofs can be a space expansion in 

tropical housing during Covid-19 pandemic by 

meeting several aspects requirements. There are 

three basic aspects that are needed for a roof to 

meet the criteria for space in tropical dwellings, 

i.e., roof design that is environmentally friendly, 

aesthetic, and productive. The design of a roof 

that is environmentally friendly, aesthetic, and 

productive. The roof that is used as a space for 

activities for daily needs taking into account the 

efficiency, productivity, and effectiveness of 

space functions. In detail, the roof space as 

follows: environmentally-friendly roofs, have an 

understanding of the roof as a space that is able to 

adapt to balance the conditions of the natural 

environment and local climate. Environmentally-

friendly roofs are designed with the application of 

green elements, plants that are placed can be in the 

form of shrubs or upright plants that are suitable 

for roof construction, taking into account the load 

and strength of the roofing material. Aesthetic 

roof is a roof that is designed architecturally 

considering aesthetic rules that are harmonious 

and have a rhythm in harmony with the 

environment. Whereas, productive roofing can be 

achieved by providing space for gardening and 

space for work. The room has easy access, 

allowing the residents to carry out activities. 

Productive roof has a role to provide space for 

gardening on the roof by selecting short-lived 

vegetable plants so that they can be harvested 

immediately for consumption of daily needs, such 

as eggplants, peanuts, green beans, tomatoes, 

chilies, spinach or medicinal plants, and 

ornamental plants. 

In construction, the green roof has two types 

of materials, which can be made from concrete, 

and materials other than concrete, such as steel or 

iron frame with corrugated zinc, see figure 12 and 

13. 

 

 
Figure 12. An example of a flat green roof model made 

of concrete for low-rise housing in urban areas 
Source: (Yuliani et al. 2021) 
 

 
Figure 13. An example of a sloping green roof model 
made of concrete for low-rise housing in urban areas 

Source: (Yuliani et al. 2021) 
 

Concrete roofs can be designed for flat, 

sloping, and curved roofs, while the green roof is 

made from non-concrete, with corrugated iron 

and zinc frame. The slope of a roof on corrugated 

zinc is made with a maximum slope of 4° or can 

be modified with a thin curve with the same 

curved angle (Yuliani et al. 2021). This slope aims 

to facilitate the flow of water, preventing it from 

settling and increasing the burden on the roof. In 

the implementation of green roofs, another 

coating is needed to adjust to the needs and 

conditions in the field. Access to the roof space 

can use iron or other lighter materials by 

considering the ease and safety. Access by stairs 

to this roof space is important because it is used 

as a circulation path that facilitates the activities 

of the offender. Around the roof should be given 
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a safety fence for safety for users who move on 

the roof of the building. 

Some previous research recommends the 

importance of implementing green roofs, 

including support for a more relaxed environment 

and housing and cleaner air. This is relevant to the 

demands of the covid-19 pandemic so that the 

room can always circulate with clean air. On the 

other hand, the results of the questionnaire 

concluded that there are still few people who 

understand the potential of roofs for useful 

expansion space. For this reason, green roof 

innovation can be presented as a solution for using 

space that responds to the demands of the covid-

19 pandemic. Innovations can be developed 

starting from installation techniques and green 

roof models, as shown in figures 12 and 13. In 

addition, innovations in the types of plants applied 

must be considered according to the needs of 

residents. Plants planted on green roofs can 

consist of shrubs, namely vegetables, medicinal 

plants, or ornamental plants according to their 

respective regions. 

The strategies in green roof innovation in this 

study could be applied to tropical housing with 

climatic criteria exposed to sunlight throughout 

the year. As such, it will enable vegetable plants 

to grow productively as they could be a great 

prospect for household food security. During 

Covid-19 pandemic, the green roof prepared for 

housing was at least able to provide daily 

vegetable needs, if implemented in an integrated 

manner with the participation of the community 

as residents of the housing. Activities that are 

accommodated on this roof space will also be 

more dynamic, in addition to gardening, as the 

roof can also be for a relaxing space and even for 

sunbathing as an effort to increase immunity 

during covid-19 pandemic. 

In the end, the research found that several 

studies that discussed the benefits of green roofs 

previously turned out to have not been adapted to 

the needs of the covid-19 pandemic that occurred 

for several years, where people were doing a lot 

of activities at home. The roof of the house can be 

modified according to the needs and size of the 

house. Modifications can be applied to two 

components, namely construction techniques and 

types of planting. The benefits of building roof 

expansion can collaborate with the function of 

space when working at home, as planting and 

working space. The covid-19 pandemic, which 

demands environmental support and clean air, is 

very relevant to the benefits of green roofs. It is 

still rare previous research has discussed the 

carrying capacity of green roofs during the covid-

19 pandemic, this study links the benefits of green 

roofs with community response and lifestyle 

demands during the covid-19 pandemic. 

 

 

Conclusion 
 

Space exploration in dwelling is paramount, 

especially when the dwelling is the only place that 

can accommodate the needs of its inhabitants. The 

expansion of space on the residential roof is 

strategic but has not become an option that 

dominates Indonesian society. Therefore, it is 

necessary to educate the community to increase 

awareness in designing and determining choices 

to explore residential roofs. Community 

participation in managing the expansion of roof 

space into a soothing roof with green elements is 

an opportunity in that green roofs can be applied 

sustainably in tropical dwellings. Community 

knowledge and skills are key to the sustainability 

of tropical dwellings with green roofs, ultimately 

beneficial to the building itself and surrounding 

environment. 

The roof innovation strategy that meets the 

environmentally friendly, aesthetic, and 

productive criteria can be applied to tropical 

dwellings. A green roof is useful as an area that 

provides space for efforts to meet the daily needs 

of growing vegetables, as well as creating 

workspace and lounge during Covid-19 

pandemic. A green roof space requires a safe and 

comfortable installation in the construction 

process to sustain activities thereafter. 
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