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Abstract MAPAN House is a house that is able to
produce food and energy continuously. This research is
motivated by environmental issues in Indonesia, such as
the crisis of agricultural fields, food imports, global
warming, climate change and urban heat island. This
phenomenon has hit urban areas and is suspected to get
worse in the future, so that solutions and its
implementation in real world are needed. The MAPAN
House has been developed in 5 houses located in Surakarta,
Indonesia. This action research found that each house
produces a daily harvest of over 8400kcal of food (staple
food, side dishes, vegetables and fruits) and generates an
average of 450W of renewable energy for 8 hours/day. The
research also finds that the annual results of each MAPAN
House are able to save 103 trees, to reduce 748kg emission
of CO; and to avoid the use of 749kg of coal. This effort is
created to multiply green architecture results in the real
urban life. The results show that MAPAN House has
proven a good direct impact on urban sustainable, such as
food and energy security, urban heat solution collaboration,
communal climate change mitigation and public adaptation
to global warming.
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1. Introduction

Since the beginning of the 3™ millennium, cities in

Indonesia have been experiencing an urban paradoxical.
The city has agenda of urban sustainable (Agenda 21), but
in the real life, there are many urban disasters [1]. To
update its commitment of sustainable development, the
Ministry of Public Works in Indonesia has signed an
agreement with UN-Habitat in 2015. The key challenges of
Indonesia are building safety, sustainable cities and human
settlements. UN-Habitat gives support to achieve the
livable cities. According to the existence of such conditions,
this action research has been carried out since 2017.
Regarding to environment issues, the message of “We must
act now” was the most important statement at the event of
International Conference on Engineering Technology and
Industrial Application (ICETIA) on December 15", 2022
at UMS Surakarta, Indonesia. The authors conducted many
experiments and research to accelerate the achievement of
Agenda 21: Urban Sustainable. This article describes the
results of the development of the MAPAN House

prototype in urban settlements. MAPAN stands for
Mandiri Pangan dan Energi (Food and Energy
Independent).

2. Objectives

The main objectives of the research are to find
alternative solution of livable city from the scope of urban
settlement. The research is carried out to deal with climate
change and global warming issues at the level of study of
architecture and urban design. To accommodate the issue
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of food and energy, the research is also supported by an
electrical engineering and nutrition science. The most
important think to understand is the more energy (fossil
fuel based) consumption, the more CO, emission.
Furthermore, if there is a lot of CO, emission, we will
have the more temperature degree. Therefore, the research
develops the use of renewable energy to reduce the heat
temperature and is able to achieve food security. This
research aims to realize the food and energy security
through residential housing innovations in urban areas.

3. Methods

This study uses an action research method. It means that
the researchers enter into the environment of research
subjects. In other words, the researchers are also the actors
in research subjects. They intervene, observe, document
and analyze what happens [2]. Action research relates to
collaboration between researcher and member of
organization in order to solve organizational problems. The
researcher and a client collaborate in the diagnosis of the
problem and in the development of a solution based on the
diagnosis [3]. Action research is conducted in order to
improve specific practices. The practices are based on
collected data in order to introduce improvements in
relevant practices. It is based on action, evaluation and
critical analysis. The research focuses on specific
situations and their context. This research is facilitated by
participation and collaboration of a number of individuals
with a common purpose.

This research has three main processes as follows: (1)
the design stage; (2) the construction stage; and (3) the
testing stage. The first stage was carried out in the year
2017-2018, the second stage was carried out in the year

2018-2021, and then the third stage was carried out in 2022.

The first stage is the most important for coping global
warming in the urban settlements, because it is the step of
finding and creating solution. The first stage has found
MAPAN House Design. It has got a platinum rating of
Green-ship Home (level of design recognition
self-assessment). According to GBCI (Green Building
Council Indonesia), there is a Green-ship Home V.0.1 to
measure the sustainable design of urban settlement [4]. The
design shows how to get food and energy continuously.
The MAPAN House Design is able to answer the basic
needs of human food to be fulfilled. According to
Regulation the Ministry of Health No. 28/2019, the design
meets the standard of calorie needs: 2100 kcal/person/day
[5]. The food includes both macro and micro nutrition,
such as protein, fat, carbohydrates, fiber, vitamins and
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minerals. Furthermore, to answer the energy procurement,
the MAPAN House uses the sun as its main source.
Through solar panel technology, a chain process of energy
transfer can be carried out. After completion of the design
phase, then the research proceed with the physical
development stage. This second stage has found a
prototype of MAPAN House that also gets a platinum
rating of Green-ship Home (level of final self-assessment).
The main elements of MAPAN House are aquaponics,
solar panel, electrical pump and pond. After getting
prototype, the MAPAN House is developed to urban
settlement. By collaborating with the "Jaritaniku"
community, the MAPAN House prototype has been
developed into 5 houses located on JI. Duwet X,
Karangasem, Laweyan, Surakarta, Indonesia. Jaritaniku is
an acronym for Jaringan Petani Kota Surakarta (Surakarta
Urban Farmers Networking). Therefore, at this stage, many
discussions and meetings are needed to reach a mutual
agreement. On the other hand, the development of
MAPAN house also requires financing for its construction,
so the solutions are needed to close them, such as the
Matching Fund 2022 Program from the Ministry of
Education, Culture, Research and Technology, Republic of
Indonesia.

4. Results

This action research has three main processes as follows:
(1) the design stage; (2) the construction stage; and (3) the
testing stage. The first stage has found MAPAN House
Design, and then the second stage has found a prototype of
MAPAN House and its implementation to urban
settlements. The last stage has found sufficient food and
energy products for the occupants of the houses, as shown
in Figure 1-2.

Food Harvesting: Fish and Vegetables

Figure 1. MAPAN House produces daily food: staple food (cassava,
sweet potato); side dishes (catfish, tilapia, carp); vegetables (spinach,
lettuce, mustard); and fruits (strawberry, melon)
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Figure 2.  MAPAN House produces daily energy: 450Watt for 8 hours
(07.00-15.00)

The design of MAPAN House installation consists of 5
main elements, namely: (1) solar panels; (2) water pumps;
(3) aquaponic plants; (4) fish pond; and (5) sunlight.
Through this installation lifecycle, MAPAN House can
continuously produce food and energy. The cycle process
is as follows: (1) every morning-afternoon the solar panels
receive sunlight and are continuously converted into
renewable energy; (2) this renewable energy is distributed
to a water pump, so that it is able to raise water from the
pond to the aquaponic pipe; (3) aquaponic pipes containing
plants eating various nutrients in the water flowing in the
pipes; (4) water falls back into the pond due to gravity, and
the fish in it can grow healthy and big because there is a lot
of dissolved oxygen in the water; (5) this cycle returns to
number one again after the day changes. The schema of
MAPAN House design and its process of food and energy
harvesting can be illustrated in Figure 3.
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Figure 3. Schema of MAPAN House Design
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Figure 4. Prototype of MAPAN House

The MAPAN House prototype (see Figure 4) has been
developed in 5 houses located in RT0O6/RWQ7 Karangasem,
Laweyan, Solo. The development of MAPAN House
prototype to 5 houses in urban settlements can be shown in
Figure 5-8.
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Figure 5. Map of prototype to urban settlement implementation

Figure 6. Assembling of prototype to urban settlement implementation
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Figure 8. Assembling of aquaponic in urban settlement in Solo

To measure the energy result of MAPAN House, it
needs tools, such as Hybrid-Growatt Inverter. The research
finds that MAPAN House produces daily energy 450W for
8 hours (07.00-15.00). The research also finds that the
annual results of each MAPAN House are able to save 103
trees, to reduce 748kg emission of CO; and to avoid the use
of 749kg of coal. To measure the food achievement of
MAPAN House, it needs standard of nutrition, such as “Isi
Piringku” (My Plate Content) from the Ministry of Health
of Republic Indonesia. This standard indicates that each
plate consists of 4 types of food, namely: (1) staple food =
33.5%; (2) side dishes = 16.5%; (3) vegetables = 33.5%
and (4) fruits = 16.5%. The amount of nutrition per meal of
one plate is around 700kcal, so the daily amount is
2100kcal/person or 8400kcal/family (4 people). To meet
the nutritional adequacy rate (protein, fat, carbohydrates,
fiber, vitamins and minerals), the food products from the
MAPAN House are arranged as follows: (1) cassava/sweet
potato as a staple food in the amount of 200 grams; (2)
catfish/carp/tilapia as side dishes in the amount of 100
grams; (3) spinach/lettuce/ mustard as vegetables in the
amount of 150 grams; and (4) melon/strawberry as fruit in
the amount of 150 grams. The proportion and content of
each plate from MAPAN House can be illustrated in Figure
9.

MAPAN House: From Prototype to Urban Settlements Implementation

NOTE: 1. Staple Food 2. Side Dishes 4. Fruits

3. Vegetables

Figure 9. Proportion and content of plate from MAPAN House to
meet 700kcal/person: staple food (cassava / sweet potato) 200 grams;
side dishes (catfish/ tilapia/ carp) 150 gram; vegetables (spinach/ lettuce/
mustard) 150 gram; and fruits (strawberry/ melon) 150 gram

5. Discussion

The concept of urban sustainable has been widely
explained by urban experts, but its implementation is still
rare. Implementation at both personal and social levels
needs to be started and continued seriously. Declaration of
Agenda 21 explores ways of sustainable development that
focus on human beings and their right to a healthy and
productive life in harmony with nature [6], as shown in
Figure 10.
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Figure 10. Element of Sustainable Development
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According to Qomarun [7], there are many international
individuals who published a study of urban sustainable,
such as: Yeang (2006), Moughtin (2005), Watson (2003),
Oswald (2003), Leitmann (1999), and Srinivas (1997). The
national experts have also published an urban sustainable,
such as: Soegijoko (2005), Sarosa (2002), and Budiharjo
(1998). International and national institutions NGO
(Non-Government Organization) which often explore
issues of urban sustainable are including: URDI (Urban
and Regional Development Institute), Indonesia; CASE
(Cities as Sustainable Ecosystems), Australia; GTZ
(Gesellschaft fur Technische Zusammenarbeit), Germany;
ICLEI (International Council for Local Environmental
Initiatives), Canada; EMAS (Eco Management and Audit
Scheme), Europe; ECP (Eco City Plan), China; and CA
(Cities Alliance), USA. In addition, the international forum
competent with urban sustainable is World Urban Forum
(WUF) under UN Habitat, while at the national level is
Sustainable Urban Development (SUD) under the Ministry
of Public Works Directorate General of Spatial Planning,
Republic of Indonesia. Based on the many concepts and
agendas mentioned above, it is time to act concretely.
According to Dr. Fatwa Firdaus Abdi (Deputy Head of
Institute for Solar Fuels, Helmholtz-Zentrum Berlin, Berlin
Germany), at the event of 9th ICETIA (International
Conference on Engineering Technology and Industrial
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Figure 11.

2873

Application) 2022, in Surakarta, Indonesia, gives a short
and simple message: “We must act now” [8]. There are 17
targets in SDGs (Sustainable Development Goals), as
shown in Figure 11.

MAPAN House is an action for target number 2 (zero
hunger), 7 (clean energy) and 11 (sustainable cities and
communities). It needs not only a collaboration of
community but also a financial to install MAPAN House.
According to this action research, it needs approximately
Rp20million/unit to install MAPAN House. Based on the
BEP (Break Even Point) calculation, the investment can
return within 6 years. This research proves that the benefits
are much higher than the profit (value of money).
Regarding to sustainable development, a healthy
environment, the urban quality and social awareness are
much more valuable than money. Afterwards, at the large
scale of using MAPAN House in the urban settlements, the
effort of eco-city for sustainable development will have a
significant result. This research shows that within the mass
installation of MAPAN House, the production of crops can
vary, so they can complement each other. Urban
sustainable [9], means an urban area that is able to compete
successfully in the global economy and maintain a culture
of life and environmental compatibility. The schema of
element of urban sustainable can be illustrated in Figure
12.

QUALITY
EDUCATION

g

GENDER
EQUALITY

1 REDUCED
INEQUALITIES
a
4=)
17 PARTNERSHIPS o
FOR THE GOALS Stf\
SUSTAINABLE
SEALE

“We must act now”: 17 targets of Sustainable Development Goals (SDGs) in Agenda 21
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Figure 12. Element of Urban Sustainable

Component of urban space is divided into three elements
[10]: (1) the natural environment; (2) the built environment;
and (3) the social environment. The natural environment is
the element that already exists in nature such as water, air,
light, soil; the built environment is the element created by
human being, such as: road, building, installation, and
vehicle; and the social environment is the element of a
civilized society towards quality of life, such as: work,
education, vacation and worship. According to Vitruvius,
city should be built in robust, beautiful and powerful, while
according to Arsitoteles, the city should be brilliant and
safe [11]. The key factors of design are (Vitruvius, 1): (1)
firmitas (strength); (2) utilitas (usefulness); and (3)
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venustas (beauty). The paradigm is developed further by
Wotton (1624) to be: (1) firmness; (2) commaodities; and (3)
delight, and then further developed by Gropius (1930) to be:
(1) technics; (2) function; and (3) expression, and then
further developed by Schulz (1965) to be: (1) technics; (2)
building task; and (3) form. The law of Indonesia (UU No.
26/2007) also mentions the factors of spatial planning are:
(1) safe; (2) comfortable; (3) productive; and (4)
sustainable [12]. The pillar of sustainability includes the
healthy environment, an integrated social community and
economic efficiency. Finally, the crystallization of some
design paradigm above is: (1) safe; (2) comfort; and (3)
delight. Safety factor has the meaning of effort avoidance
of death threats; comfort factor has the meaning of effort
avoidance of physical pain; while the delight factor has the
meaning of effort avoidance of psychical pain. MAPAN
House has an objective of safe, comfort and delight.

This result research accelerates the achievements of
Agenda 21. Agenda 21 is an action plan for the entire city
in around the world. The document of Agenda 21 has been
declared since in the beginning of the 21% century. Agenda
21 is a report that helps to clarify sustainable development,
as the result of the United Nations Conference on
Environment and Development. On the large scale of using
MAPAN House in the urban settlements, the effort of
reduction of GHG (Green House Gas) emissions will have
a significant result. According to Bappenas [13], Indonesia
has planned to reduce GHG emissions by 29 percent
financed by its own resources (fair scenario) and up to 41
percent with international support (ambitious scenario) in
2030, as shown in Figure 13.

[29%]

_ [12%]
Juz %]

Figure 13. Scenario of GHG Emissions in Indonesia 2030: (1) Baseline Scenario; (2) Fair Scenario; (3) Ambitious Scenario
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Figure 14. Proportion of GHG Emissions in Indonesia 2030: (1) Land Based; (2) Energy; (3) IPPU (Industrial Processes and Production Use); and (4)

Waste

According to Bappenas [13], there are 4 sectors of GHG
emissions in Indonesia: (1) land based; (2) energy; (3)
IPPU (Industrial Processes and Production Use); and (4)
waste. Energy is the most dominant sector of GHG
emissions. It has more than a half (1.44 GtCOz2e) of all
GHG emissions (2.88 GtCO2e) in 2030, as shown in
Figure 14.

MAPAN House is an economy creative activity. The
term of creative economy was first introduced by John
Howkins [14]. Afterwards, the creative economy has
become the mainstay of income for urban communities
[15]. Howkins has published "Creative Economy: How
People Make Money from Ideas" in 2001. There are two
kinds of creativity: people’s fulfillment and generation of a
product. People’s fulfillment is a universal characteristic of
humanity and is found in all societies and cultures; while
generation of products is stronger in industrial societies,
which put a higher value on novelty, on science and
technological innovation, and on Intellectual Property
Rights (IPRs). MAPAN House is a generation of products.
This economic creativity is a dynamic process leading
towards innovation in many ways (such as: technology,
business practices, and marketing), and is closely linked to

gaining competitive advantages in the economy, as shown
in Figure 15.
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Figure 15. The Main Aspect of Creative Economy

6. Conclusions

This action research finds that every MAPAN House is
able to produce food more of 8400kcal/day and energy
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about 450Watt for 8 hours/day. This product can last as
long as the sun shines, so that food and energy security is
maintained. This research shows that within the mass
installation of MAPAN House, the production of crops can
vary, so they can complement each other. The research also
finds that MAPAN House can save 103 trees, reduce 748kg
emission of CO, and avoid the use of 749kg of coal. It
needs both a financial approximately Rp20 million and a
collaboration of urban community to install MAPAN
House. Implementation of MAPAN House in urban
settlement gets a great result of solution, mitigation and
adaptation of climate change. The research shows that the
MAPAN House has proved a directly good impact on
urban sustainable, such as food and energy security, urban
heat solution collaboration, communal climate change
mitigation and public adaptation to global warming.
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