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PREPARATION OF THIS DOCUMENT 
 
This report describes the activities and outputs of the workshop Advancing Aquaponics: An 
Efficient Use of Limited Resources, held in Bogor, Indonesia, on 23–26 November 2015.  
 
This report was prepared by Alessandro Lovatelli, Aquaculture Officer, FAO Fisheries and 
Aquaculture Department, Rome, Italy, and Austin Stankus, FAO Aquaponics Consultant.     
 
The material in the appendixes is reproduced as submitted. 
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ABSTRACT 
 
A technical training workshop on advancing aquaponics was held in Bogor, Indonesia, on 
23–26 November 2015. Eleven international participants were present from ten countries 
(Colombia, Fiji, Ghana, Kenya, Kiribati, the Marshall Islands, Nicaragua, Nigeria, Samoa 
and Timor-Leste) and one regional scientific and technical organization (Secretariat of the 
Pacific Community). The workshop was a product of a side-event during the Thirty-first 
Session of the Committee on Fisheries presented by the Indonesian delegation on the topic 
of bumina/yumina, a special form of aquaponics appropriate for developing nations. The 
term bumina/yumina was introduced on World Food Day in Padang (2012) and in Rome 
(2014) by the head of the Agency for Marine and Fisheries Research and Development as 
part of Indonesia’s blue growth philosophy. The four-day workshop was convened by FAO 
and consisted of lectures, demonstrations and hands-on activities supported by aquaponics 
experts from the Indonesian Ministry of Marine Affairs and Fisheries and Ministry of 
Agriculture and was supported by FAO technical officers and aquaponics consultants. 
Recommendations were gathered based on participant feedback and included: (i) education, 
training and communication; (ii) research and development; (iii) socio-economic and 
feasibility studies; (iv) regional and international cooperation; and (v) capacity development 
of an enabling environment at the national level.  
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BACKGROUND 

This practical workshop aimed at supporting and promoting the sustainable development of 
aquaponics (integrated fish and plant production) through the active exchange of ideas and 
regional cooperation among participating countries. This activity was supported under the FAO 
Regional Blue Growth Initiative for Asia and the Pacific (BGI RAP) and the Major Area of 
Work on Efficient Resource Use (MAW-ERU) under the revised Strategic Framework of FAO, 
with additional financial support from FAO’s South–South Cooperation and Resource 
Mobilization Division (TCS).  

Aquaponics is a symbiotic integration of two mature food production disciplines: aquaculture, 
the practice of fish farming; and hydroponics, the cultivation of plants without soil. These which 
are combined within a closed recirculating system. In a standard recirculating aquaculture 
system (RAS), the organic matter (“waste”) that builds up in the water needs to be filtered and 
removed so that the water is clean for the fish. In an aquaponic system, the nutrient‐rich effluent 
is filtered from the settleable part of its solids and then passes through an inert substrate 
containing plants. Here, bacteria metabolize the fish waste, and plants assimilate the resulting 
nutrients. The purified water is then returned to the fish tanks. The result is value-added 
products such as fish and vegetables, together with reductions in nutrient pollution into the 
watershed.  

Aquaponics has the potential for higher yields of vegetables and fish protein with less labour, 
less land, fewer chemicals and a fraction of the water usage. Being a strictly controlled system, 
it combines a high level of biosecurity with a low risk of disease and external contamination, 
while producing high yields without the need for fertilizers and pesticides. Moreover, it is a 
potentially useful tool to overcome some of the challenges of traditional agriculture in the face 
of freshwater shortages, climate change and soil degradation. Aquaponics works well in places 
where the soil is poor and water is scarce, for example, in urban areas, arid climates and low-
lying islands.  

Commercial aquaponics is not appropriate in all locations, and many aquaponic businesses have 
not been successful. Large-scale systems require careful consideration before financial 
investment, especially the availability and affordability of inputs (i.e. fish feed, buildings and 
plumbing supplies), the cost and reliability of electricity, and direct access to a significant 
market willing to pay premium prices for local pesticide-free vegetables. Aquaponics combines 
the risks of both aquaculture and hydroponics, and thus expert assessment and consultation is 
essential. The state of the art is advancing rapidly, and new techniques and technologies, 
including decoupled designs and automated sensor controls, are being developed to address 
some of these challenges and support commercial aquaponic development. 

Bumina/yumina is a specific type of aquaponics developed in Indonesia. It is well-adapted to 
local conditions and especially applicable to small-scale operations. The major benefits are 
lower initial investment, relatively simpler management techniques, and increased adaptability 
and resilience. 

In the future, the agriculture sector will need to produce more with less. Following the principles 
of efficient resource use to increase the provision of goods and services from agriculture in a 
sustainable way, synergistic benefits can be realized by integrating separate food production 
systems, and by reducing inputs, pollution and waste, while increasing efficiency, earnings and 
sustainability. As one of these efficient and integrated techniques, aquaponics has the potential 
to support economic development and enhance food security and nutrition through efficient 
resource use, and it will become one additional way of addressing the global challenge of food 
supply in a sustainable way. 

The technology and techniques are simple and easy to adopt once demonstrated to the farmers. 
Aquaponics builds upon several decades of work, and systems have been built successfully 
throughout the world. Currently, aquaponics serves communities with limited freshwater 
resources, limited land, and high sale prices of fresh vegetables. Successful aquaponic 
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interventions by FAO have been conducted in Gaza Strip and The West Bank and in Ethiopia. 
FAO recently published Fisheries and Aquaculture Technical Paper No. 589 on small-scale 
aquaponic food production to support technology transfer (see Appendix 12 for full reference). 

The main objective of the workshop was to support strategic development of aquaponics 
through capacity development of key personnel from each Member. As a result of this training, 
participants are more prepared to bring the technology back to their home country and support 
further dissemination. The list of participants, including their affiliations, is included as 
Appendix 1. 

The specific objectives of the workshop were:  

 Develop common knowledge and investigate the diversity of aquaponic systems both 
in the region and globally, highlighting the opportunities of efficient and sustainable 
production while identifying the risks, costs and other issues that prevent wider 
implementation, and propose collective action to be implemented locally. 

 Support the adoption of aquaponic production, particularly through business plan 
development and market analysis, technical production modelling and demonstration 
unit design. 

 Document the proceedings of the workshop for dissemination to participants and 
interested parties.  

The workshop was supported by two sources of funding: (i) multidisciplinary funds (MDFs) 
supporting enhanced implementation of FAO’s Strategic Objective 2 (SO2) provided by BGI 
RAP; and (ii) TCS. Participants from Indonesia were supported by the Centre for Fisheries 
Research and Development (CFRD) and the Agency for Marine and Fisheries Research and 
Development (AMFRAD). The Indonesian trainers were mainly from the Institute for 
Freshwater Aquaculture Research and Development (Balai Penelitian dan Pengembangan 
Budidaya Air Tawar [BPPBAT]) located in Bogor and under the Ministry of Marine Affairs 
and Fisheries (MMAF) of Indonesia.  

COUNTRY SELECTION AND PARTICIPANT IDENTIFICATION 

Eleven international participants were present from ten countries (Colombia, Fiji, Ghana, 
Kenya, Kiribati, Marshall Islands, Nicaragua, Nigeria, Samoa and Timor-Leste) and one 
regional fishery body (Secretariat of the Pacific Community) in addition to the six participants 
from Indonesia. During the Thirty-first Session of the Committee on Fisheries (COFI), four 
Members, namely the Cook Islands, Indonesia, Kenya and Mexico, raised aquaponics as an 
issue that deserved increased attention. However, due to administrative complications, both the 
Cook Islands and Mexico were unable to attend the workshop. Additional countries were 
selected from the Pacific Island nations because of the opportunities for aquaponics in small 
island developing States (SIDS). Ghana and Nigeria were invited for the same reason. Brazil, 
Colombia and Nicaragua were selected to represent the Latin America region.  

The ideal participants for this workshop would have had previous experience in aquaponics, 
recirculating aquaculture or hydroponics. Moreover, the participants would be in a position to 
disseminate what they learned to a wider community, for example aquaculture or agriculture 
extension agents or university professionals, and these newly trained personnel were expected 
to be in a position to inform key stakeholders for continued support of aquaponic development. 
A motivated and well-trained focal point, with the continued support of FAO and provided 
technical materials, would be instrumental for the extended transfer of aquaponics technology.  

The integrated nature of aquaponics implies that a successful intervention requires the support 
of both the ministry of fisheries and the ministry of agriculture, and therefore it would have 
been ideal to have one freshwater aquaculture expert and one horticulture expert from each 
country. This workshop saw participation from many ministries, including departments 
overseeing animal health, agricultural investment and cooperatives in addition to fisheries and 
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aquaculture. This diverse group allowed for broad understanding about relevant factors, but 
limited the potential impact of participants upon their return.  

WORKSHOP PARTNERS 

The BPPBAT was the major partner and contributed the main local focal point, hospitality 
services, and ten resource persons. It also hosted the hands-on training at their research facility 
at Cibalagung. The institute, established in 1927, is one of the centres regulated by AMFRAD 
of the MMAF. It is actively researching aquaponic production techniques, focusing mainly on 
construction methods, water chemistry management and integrated pest and disease 
management for horticulture crops. In addition, the institute holds training sessions for 
extension agents throughout the country to support the dissemination of aquaponic technology.  

The Indonesian Agency for Agricultural Research and Development (IAARD) is the research 
arm and directorate general of the Indonesian Ministry of Agriculture. It provided a resource 
person as an expert of plant health in aquaponic systems who presented lectures and conducted 
hands-on training sessions. Aquaponics is part of IAARD’s programme of community gardens 
that develops urban and peri-urban agricultural capacity throughout the country.  

The Southeast Asian Regional Centre for Tropical Biology (SEAMEO-BIOTROP; 
www.biotrop.org) is one of the 20 regional centres of the Southeast Asian Ministers of 
Education Organization (SEAMEO), an intergovernmental organization promoting 
cooperation in education, science and culture in the Southeast Asia region. BIOTROP has 
ongoing research projects in aquaculture and has recently begun to pursue aquaponic 
development through a partnership with the Ministry of Justice and Human Rights providing 
training through the Directorate General of Correctional Facility (DITJENPAS). BIOTROP is 
also the service provider for an associated letter of agreement with FAO to document the 
nutritional value and the socio-economic impacts of aquaponics through two field studies.  

Two independent aquaponic consultants (Edoardo Pantanella and Austin Stankus) were also 
retained for their services in conducting this workshop for both their technical expertise in 
aquaponics as well logistical support capability. Their inputs to the workshop included the 
programmatic preparation, and the prospectus and agenda. They conducted a scoping mission 
for the preparation of the workshop and actively assisted in the delivery of the workshop, 
including: independently developing financial and technical spreadsheet calculators and lecture 
materials; supporting capacity development exercises with participants in order to contribute to 
increasing feasibility of farm operations; and working towards a mutually supportive network 
of aquaponic practitioners. 

The workshop facilitators included both staff and collaborating partners, independent 
consultants and FAO staff. A photograph and brief description of each are included in 
Appendix 2. 

WORKSHOP AGENDA AND PROGRAMME 

The four-day workshop consisted of lectures, demonstrations and hands-on activities supported 
by aquaponic experts from the MMAF and Ministry of Agriculture. The workshop was 
designed to be a high-level introduction to aquaponics to highlight the technical requirements 
of any future aquaponic interventions, whether international, national or private, and included 
ample opportunity for discussion of regional and national priorities. A valuable group session 
saw participants create technical designs and draft business plans based on real data from their 
home country using an FAO-developed planning tool. Additional time was dedicated to 
network building and to soft skills, including advocacy, training and discussions. 
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The workshop was organized as follows: 

Day 1 – presented an introduction to aquaponics, including: the high-level benefits, 
opportunities and risks; country reports by each participant; and an initial capacity assessment 
and expectations exercise.  

Day 2 – dealt with in-depth technical training of the functional components of an aquaponic 
system, namely the fish, plants, water and mechanical components, and consisted primarily of 
lectures presented by the Indonesian staff and FAO consultants.  

Day 3 – was a field trip to Institute for Freshwater Aquaculture Research and Development 
(IFARD) for hands-on training. The group was divided into four subgroups and cycled through 
stations focused on water, fish production, plant health, construction and human resources. 
Then, the group travelled to SEAMEO-BIOTROP for a tour of the aquaponic and aquaculture 
systems, hydroponic greenhouses and other advanced agriculture techniques. A video was 
presented by two aquaponic farmers working in Indonesia to showcase their story and provide 
an opportunity for the participants to interact directly with farmers. The titles of the two videos 
were: (i) Interview with aquaponics farmers at Palasari Village, Cijeruk (Bogor District), 
Indonesia (www.youtube.com/watch?v=558nSVsL5nI); and (ii) Interview with aquaponics 
farmers in Limo Village (Depok), Indonesia (www.youtube.com/watch?v=Cp-fyoZxwAo). 

Day 4 – focused on commercialization, marketing and financial analysis. The keystone aspect 
of the course was a technical and financial calculator, developed by FAO and presented in 
Appendix 9, that demonstrates how to correctly size the mechanical components (fish tanks, 
pumps and grow beds) as well as to estimate the cash flow in terms of recurring costs and 
production. An example was done with the entire group. After discussion, the full group divided 
again into subgroups to do technical sketches and estimate the capital expenditure of an 
aquaponic system. The financial analysis was based on real data that the participants brought 
from their home countries.  

The full workshop agenda appears in Appendix 3 and the expanded programme in Appendix 4.  

The intended technical uptake by the participants was a high-level understanding of the core 
concepts of aquaponics. These concepts include: animal and plant health and production; water 
quality analysis and management; and technical design parameters, including how to calculate 
and balance the amount of fish to the number of plants. Moreover, it was expected that 
participants would learn the key opportunities and risks of aquaponic business development 
and independently consider the pros and cons of encouraging investment in aquaponics.  

The workshop was limited by the short time allotted. Substantial time is required for both 
theoretical and hands-on practical activities to provide participants with adequate experience. 
This workshop used the time available efficiently and focused on lectures, demonstrations and 
participant dialogue to transfer knowledge. The participants acknowledged the success of this 
method, but unanimously requested a follow-up workshop dedicated to hands-on training 
activities to build upon the successes seen in this workshop.  

A group photograph of all participant and facilitators, selected photographs during the 
workshop, and selected press releases are included in Appendixes 10, 11 and 13. 

OPENING REMARKS 

Opening remarks were presented by Mr Antonio Caravaggio, on behalf of Mr Mark Smulders, 
FAO Representative to Indonesia, and are included in Appendix 5. 

The opening remarks reviewed the global situation of agriculture, including aquaculture in 
water-scarce areas and the worldwide need to develop innovative practices of local food 
production that can include aquaponics. FAO has a proposed methodology to support the 
development of aquaponics. First, and most importantly, aquaponics should only be used in the 
right locations. Identification of these locations through participatory needs assessment is the 
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first step. Documenting and disseminating the best practices through technical guidelines is also 
important. Then, facilitating regional networks of experts is crucial for the long-term anchorage 
of aquaponic development and to share locally appropriate and location-specific techniques. 
This form of South–South Cooperation will reduce the reliance on outside materials and outside 
experts and allow aquaponics to develop naturally within the local geographic and cultural 
context.  

Welcoming remarks were then presented by Mr Achmad Poernomo, Advisor to the Ministry of 
Marine Affairs and Fisheries, highlighting the development of yumina/bumina and aquaponics 
in Indonesia. Special attention was focused on the opportunities of this technology to provide 
food security because it is simple and effective, and implementation provides higher income 
for family farmers while at the same time addressing economical and sustainable use of water 
and energy. Mr Poernomo emphasized the need for innovative techniques for the sustainable 
intensification of agriculture to feed the world’s increasing population. Aquaponics is one of 
these technologies that has potential, if implemented on a large scale, to combat the burden of 
hunger and malnutrition in Indonesia, and around the world.  

COUNTRY REPORTS 

Each country was invited to prepare a brief presentation to share with the group on the status 
of aquaponics, recirculating aquaculture and hydroponics in its country. The intention was to 
develop a global overview of the status of aquaponic development, identify common 
opportunities and challenges, and begin to map the key actors in the sector. In addition, each 
participant was invited to collect market data concerning the costs of aquaponic inputs (fish 
feed, electricity, etc.) and sale price of products (vegetables, fish) in order to conduct a financial 
planning exercise. To support the participants gathering this information, survey forms were 
circulated before the workshop (Appendix 6). A brief summary of each country’s report is 
provided herewith. 

Colombia – In Colombia, aquaponic production is limited to a handful of backyard systems. 
At the government level, there is a strong programme to support increased fish production. 
Currently, the expansion of aquaculture is meant to boost both domestic consumption and 
export. Out of 20 economic sectors followed by the Ministry of Economy, six concern 
agribusiness development. 

The Ministry of Economy seeks to encourage private–public collaborations in order to increase 
the productivity and the number of the stakeholders throughout the whole value chain. On these 
terms, aquaponics is an interesting opportunity for the whole sector. The development 
programme focuses on the improvement of market, health, productive sectors and on linking 
the academic sector to production. To support this change, new policies are being implemented.  

Colombia is increasingly producing and exporting tilapia and trout, which could be farmed 
using water-saving technologies such as RAS and aquaponics that are less prone to climate 
change/variability (e.g. El Niño). However, the profitability of these should be carefully 
studied. 

Fiji – Fiji’s freshwater aquaculture production follows the idea of improving output through 
integrated agri-aquaculture farming and the use of new technologies. There have been examples 
of fish–livestock integrations, but the focus now includes aquaponics.  

There are currently examples of aquaponics and hydroponics in the country. In Suva, a local 
non-governmental organization (NGO), Homes of Hope (www.hopefiji.org), has been 
producing leaf vegetables and tomatoes for two years by using a nutrient film technique (NFT), 
floating systems and media beds. Joes Farm (www.joesfarmproduce.com), a commercial 
hydroponics farm, produces leaf vegetables using a NFT and is currently selling in domestic 
markets.  
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A demonstration unit was built at Fiji National University (FNU) (www.fnu.ac.fj) in 2013, and 
full-credit courses are offered in both hydroponics and aquaponics as of 2015, with the original 
design by Wilson Lennard. The course is fully accredited and meets all of FNU’s academic 
requirements for normal undergraduate study, and is one of the first full-time university courses 
in the world on aquaponics. 

The Freshwater Aquaculture Program (FAP) aims to develop sustainable farming systems, use 
local species and concentrate on the development of commercial-scale farms to provide sources 
of income. The diffuse farming of tilapia supports aquaponics as a valid farming option, as it 
adheres to the FAP objectives to efficiently use available water and land for integrated and 
commercially feasible and sustainable productions, and to increase the quantity and quality of 
vegetables and fishes consumed or sold by low-income rural and urban people. 

Ghana – Aquaculture has only been recently adopted in Ghana, and thus there has been little 
increase in annual fish production. Tilapia is the major species farmed and constitutes more 
than 80 percent of total aquaculture production. Catfish account for the remaining 20 percent, 
made up of Clarias sp., Heterobranchus sp. and Heterotis niloticus. Most commercial fish 
farms are recently established, and the most common techniques used are earthen ponds.  

The Directorate of Fisheries is the lead government agency for aquaculture development, and 
the Water Research Institute of the Council for Scientific and Industrial Research is mandated 
to carry out aquaculture research. To promote the growth of a national fish farming industry, 
imports of farmed fish are currently not allowed.  

Despite the relatively low level of aquaculture, tens of small-scale aquaponic interventions have 
been carried out in Ghana. The company LivinGreen has established several educational 
systems with corresponding training of teachers (livingreen.co.il/en/portfolio/educational-
aquaponics-systems-ghana-africa/). An Italian company, Acquacoltura Italia Srl 
(www.acquacolturaitalia.com), has been actively training students from Ghana in Italy to 
support technology transfer back with the financial support and arrangements of the Italian and 
Ghanaian embassies. An upcoming project is planed between the Ministry of Fisheries and 
Aquaculture Development and a United-States-based development firm, Zoetic Global 
(www.zoeticglobal.com), to develop an aquaponic training programme in 2016. Ayi Mensah 
Aquaponics Farm in Accra is a medium-scale aquaponic farm developed with SOLVE 
International using various aquaponic systems including raft, NFT and micro-irrigation under 
greenhouse conditions. Crossover International Academy has built a medium-scale aquaponics 
system in the Volta Region.  

Indonesia – Indonesia consists of 34 provinces with different landscapes and natural resources 
scattered on a vast area of the ocean. At the national level, the government seeks to improve 
farming systems as a means to increase food security and to promote freshwater fish culture as 
a strategy to reduce impact on capture fisheries. Some degree of integration has already been 
achieved with rice–fish and cage aquaculture. 

Indonesia has developed a particular type of aquaponics called yumina/bumina that has been 
adopted in many districts. Aquaponics is showing good potential to address the needs to 
produce fish and plants in land-scarcity conditions and in areas where freshwater resources are 
an issue. Yumina/bumina uses simple and locally available materials and has proved an 
efficient and low-energy demanding system to build resilience and self-sufficiency in single 
households or communities and to provide effective diet diversification. 

Currently, there is the need to improve the extension activity to build capacity in farmers and 
enable them to manage their aquaponics systems efficiently. Moreover, the investment in 
communities and research and development are seen as an asset to make systems more 
productive and economically more profitable.  
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Kenya – In Kenya, aquaponics is still not developed, but has an appeal as a tool to intensify 
fish production from recirculating systems. One small pilot project is being carried out at the 
National Aquaculture Research Development and Training Centre (NARDTC; 
www.nardtc.org) in Sagana, and short training programmes are offers at the demonstration 
centre.  

Despite the high level of biodiversity, the country is predominantly made up of arid areas, which 
suggests the need for wise and sustainable uses of natural resources and the improvement of 
their use efficiency through efficient farming technologies.  

Plans for fish farming expansion in Kenya are mainly focusing on sustainable farming for 
poverty alleviation, income generation and food security. Priority programmes in this context 
seek to increase production and productivity, enhance market access, improve national food 
security, and promote institutional reforms. Current plans to enhance domestic consumption 
and to boost aquaculture production of freshwater species, such as Nile tilapia, African catfish, 
trout and common carp, also have the potential to be incorporated in integrated systems such 
as aquaponics. 

Innovation in aquaculture practices and technologies, such as aquaponics, needs their efficient 
uptake by entrepreneurs, supported through efficient information and effective technology 
transfer with favourable political support and adequate funding from government programmes. 

Kiribati – Kiribati is a group of 33 equatorial atolls. There is no aquaponics in the country but 
the Government of Kiribati, through its Ministry of Environment, Lands and Agriculture 
Development, is willing and keen to have it in order to increase food output and enhance food 
security as reflected in the Country Programming Framework supported by FAO.  

Aquaponics is seen as an opportunity to overcome problems of production from poor infertile 
and sandy soil, and progressive freshwater scarcity due to climate change. In addition it may 
contribute to reducing food imports and procuring more balanced diets to the population 
affected by non-communicable diseases (NCDs) as a result of vegetable-poor diets.  

Hydroponics is one way to increase the production of vegetables, and it has been successfully 
introduced and practised in the country by a church group, but its growth is not sustained due 
to the lack of capacity building and the high cost of imported materials. The lack of reliable 
inputs is seen as a major obstacle to aquaponic development, and a successful initiative will 
need to use locally-available materials.  

Nicaragua – Aquaponics has started only recently in the country. Currently, there are no 
government programmes related with aquaponics, and information about this system is very 
limited and mainly coming from abroad. 

Two local universities are working on the development of low-cost aquaponic systems, and 
they provide free technology transfer and extension to small-scale farmers: the Universidad 
Nacional Agraria (UNA) and the Universidad Politécnica de Nicaragua (UPOLI). 

In Nicaragua there are two private aquaponics enterprises: the hotel The Villas at Apoyo, and 
the eco-resort The Machine. The latter is the country’s largest aquaponics farm, extending for 
1.4 hectares. The farm, built for about USD200 000, consists of 48 tanks hosting 60 000 Nile 
tilapia, and supplying water to several vegetable crops such as papaya, sweet pepper, tomato, 
hot pepper, peppermint, cilantro, parsley and lettuce.  

As far as aquaponics expansion is concerned, fingerlings are easily available, but feed is not 
produced locally and needs to be imported from neighbouring Honduras. In the country, there 
is only one RAS, operating with shrimp, and three hydroponics farms, two for vegetables that 
are exported to North America and one producing flowers. 

The main issue preventing the expansion of aquaponics is the lack of information, which does 
not allow farmers to have enough elements to take the decision to use this system. 
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Nigeria – In Nigeria aquaponics has not been developed yet. The country has consistent 
resources in terms of water and land, and the climate is particularly favourable for warm-water 
species such as Nile tilapia, African catfish, carp, Nile perch (Lates niloticus), aba (Gymnarchus 
niloticus) and the African arowana (Heterotis niloticus). 

The country has a pressing need to improve fish output, whose production now barely covers 
24 percent of the domestic demand. Beside subsistence ponds and commercial extensive or 
semi-intensive ponds, the intensification of production is seen as a potential opportunity despite 
the higher technology and expertise required. Indeed, some fish farmers are already using 
technology (e.g. RAS) to produce African catfish with average annual outputs of 0.3 tonnes/m2. 

There is a growing interest in hydroponic technology, which is currently used and promoted for 
hydroponic fodder, with the potential to be used for vegetable crops in integration with fish 
wastewater.  

Aquaponics could be favourably adopted, as it meets some of the country’s policy objectives 
to achieve fish self-sufficiency, to modernize aquaculture production system, and to improve 
employment and livelihood opportunities in rural areas with very limited use of land. However, 
the expansion of aquaponics needs to cope with the current low level of investment in 
aquaculture, limited access to credit, and the need to increase technical expertise and to provide 
reliable access to inputs, such as fish feeds and fingerlings.   

The Marshall Islands – The Marshall Islands has no direct government programme or policy 
for aquaponics, but an NGO (Pacific Wellness Centre) has already started a demonstration 
system at Ebeye, Kwajalein, with the support of the Secretariat of the Pacific Community (SPC) 
and Marshall Islands Marine Resource Authority (MIMRA). The centre consists of two floating 
rafts systems producing tilapia with tomatoes, eggplant, cantaloupe, cucumber, lettuce and taro. 
However, the system does not provide data available on production and economics.  

In the Marshall Islands, there is growing interest in aquaponics from public administrators and 
landowners interested in community-based systems. The MIMRA is considering the start-up of 
aquaponics at the pearl oyster hatchery facility. In addition, the College of the Marshall Islands 
has already started research and education on hydroponics.  

The establishment of aquaponics is favourably viewed owing to the high demand for vegetables 
and tilapia. In this regard, synergies can be also found in the substitution of reef fishes with 
tilapia and in combination with wellness campaigns for healthy food and food education in 
schools. Currently, particular attention is being given to the development of aquaponics, also 
due to the increasing incidents of ciguaterra fish poisoning and for the production of vegetables 
and greens for a healthier and balanced diet. 

However, there is the need to transfer technical expertise, bring robust knowledge on the socio-
economic impact of commercial-scale aquaponics, and secure available technology and reliable 
energy sources, also from renewable origins.  

Myanmar – Aquaponics in Myanmar is not developed, although the aquaculture sector benefits 
from integrated fish–livestock and rice–fish systems. The country has a widely used indigenous 
aquaponic technique in Lake Inle, where floating rafts made of macrophytes support the 
extensive production of vegetables in the region and create a favourable environment for the 
associated fishery. However, the intensification of production by means of chemical fertilizers 
has recently caused eutrophication and pollution.  

The country has good water resources, suitable areas for aquaculture and a wide range of 
freshwater species with both food and commercial potential: tilapia, carps, catfish, Pangasius, 
snakehead, gourami, eel, tapian and barramundi. However, the water seasonality in the central 
dry zone of Myanmar would benefit from the adoption of integrated aquaculture/aquaponics to 
improve the efficiency of water use, while in the monsoon-affected areas the protected 
cultivation of crops could secure year-round production and income to small farmers.  



9 

 

There is a highly supportive environment provided by the government to promote year-round 
fish production for both food security and commerce. In this regard, the adoption of aquaponics 
could easily meet the targets of the poverty alleviation programme of the Ministry of Livestock, 
Fishery and Rural Development, which seeks to promote livelihood opportunities through 
small-scale aquaculture, integrated farming, cooperative groups and community development 
through solid and economically reliable aquaculture development. 

Samoa – In Samoa, aquaponics has been supported by the Fishery Division since 2008. 
Aquaponics has been promoted as an option to tilapia farmers and as an educational tool to both 
schools and the general public, with the goal to raise awareness on combined fish and vegetable 
production. There are currently three registered aquaponic farmers, and their number is 
expected to increase. The climatic conditions of Samoa are favourable for aquaponics, with 
warm-water fish, and rainwater collection would adequately resupply the systems. 

Aquaponics integrates the objectives of the Ministry of Agriculture and Fisheries Strategic to 
meet its need for the adequate supply of fish and to sustain food security. The farming of tilapia 
is strongly encouraged and promoted as a strategy to relieve pressure on marine fishery 
resources, and to increase fish production as well as fishers’ income. Aquaponics is part of a 
development framework that seeks to promote aquaculture to village communities, churches 
and individual farmers. 

Aquaponics shows potential for growth owing to its visibility from already established farms, 
the interest of new farmers and the potential synergies with the Community-based Fisheries 
Management Program to promote aquaponics as a tool for food security. Nevertheless, 
aquaponics growth in the country needs proper capacity building, certainty of its profitability 
at commercial-scale level, and funding to support demonstration units. 

Timor-Leste – In Timor-Leste, aquaponics is a new technology that has not been initiated yet 
owing to lack of skilled experts, specific technical knowledge and awareness of its potential to 
address food security. The country’s aquaculture development strategic plan focuses on 
freshwater species such as Nile tilapia and catfish in ponds to achieve the annual consumption 
target of 16 kg/capita by 2030. The area of freshwater production is estimated at 192 ha.  

The Department of Fisheries in Timor-Leste has plans to introduce aquaponics with tilapia and 
catfish in 2016. The capital, Dili, has started an implementation programme for the efficient 
utilization of land, which has potential synergy with the introduction of aquaponics. The local 
environmental conditions meet the needs of warm-water fishes, with average temperatures of 
28–30 °C, groundwater resources, reliable electricity and 120 days/year of rainfall. Training in 
aquaponics techniques is perceived as an important aid to increase the local knowledge to build 
the aquaculture sector in Timor-Leste. 

Secretariat of the Pacific Community: Aquaculture Section – The SPC maintains a regional 
network of contacts among Pacific island countries and territories to exchange information on 
aquaculture, promote targeted training and technology transfer for the establishment of 
environmentally and economically sustainable aquaculture enterprises, and provide a regional 
support service to mitigate the potential impacts of aquaculture. 

The SPC is looking with interest at aquaponics as a technology to produce food in climate-
change-affected areas where land, soil or water is in short supply. Atolls and peri-urban areas 
are the best candidates to benefit from aquaponics; however, this technology needs to be tested 
under South Pacific island conditions.  

In January 2012, the SPC supported the establishment of an aquaponics facility on Suva campus 
(University of South Pacific) following the interest in aquaponics showed by member countries. 
The project had the objective to build up hands-on experience in aquaculture staff and to train 
country members and students.   
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Several meetings have been organized in the last few years with the goal of promoting clusters 
of interest on aquaponics: the forty-third Pacific Islands Forum Secretariat (PIFS; 
www.forumsec.org) meeting in the Cook Islands in August 2012, the Auckland Trade Office 
of PIFS promoting public–private partnerships, and the Regional Expert Consultation on 
Aquaponics hosted in Roratonga in 2013. 

Ongoing projects, such as the Marshall Islands Aquaponics for Wellness (operating since 
2012), have shown encouraging figures for economic feasibility, but systems need to be 
optimized with further research, development and adaptation to South Pacific conditions for 
both fish and plants choices, and to work on the economic analysis in close liaison with other 
similar initiatives from FAO. Further capacity building is needed, and there is the need to 
procure useful analytical tools for decision-making on the best systems between aquaponics or 
alternative fish or vegetable farming to be developed locally. 

WORKSHOP SATISFACTION SURVEY  

Overall, the participants were satisfied with the course, as indicated in the post-workshop 
satisfaction survey, the results of which are summarized in Appendix 7. The participants 
indicated overwhelmingly that the instructors were well prepared and helpful, and that the 
preparation ahead of the workshop was sufficient. Participation was well targeted, and all 
attendees considered the material to be relevant to their current professional positions.  

However, the survey shows that there was insufficient time for practice and feedback. There 
was a unanimous call for additional training for hands-on and practical activities. This suggests 
that there is strong interest in the practical aspects of aquaponics development and that further 
training is necessary. Moreover, these data suggest that participants were interested, engaged 
and eager to learn/do more. Any follow-up course should be longer, slower and focus less on 
theory and more on practical construction and maintenance. Overall, the workshop was 
successful in increasing the high-level theoretical understanding of aquaponics towards 
supporting technology transfer. No four-day workshop can create aquaponics experts, but these 
participants are prepared to vulgarize the ideas and educate their constituency about the 
opportunities for aquaponics.   

Concerning the difficulty level, more than half of the participants thought the course was too 
difficult, and only two stated that it was too easy, indicating that the course was challenging. 
More time could be dedicated to review, and some of the detail about the types of system and 
nitrogen chemistry could be sacrificed.  

In addition to the satisfaction survey, a capacity self-assessment was conducted on the first day 
and last day where participants were asked to answer 30 questions on a scale of 1–5; the 
summarized results of which are presented in Appendix 8, along with a more detailed 
discussion. The capacity assessment exercise was designed to assess participants’ knowledge, 
attitudes and practices (KAP) concerning aquaculture, agriculture and aquaponics. Additional 
questions concerned the organizational arrangements in the participants’ institution to 
determine what/any actions they could personally take to advance aquaponics.  

The summarized data show that, on average, the participants’ knowledge and attitudes 
increased in every category. Moreover, these questions helped to guide the discussions, 
recommendations and flow of the workshop. This self-examination helped to quantify the 
impact of this workshop. These questions were designed as indicators of the major learning 
objectives of the course. The survey provided an opportunity for the participants to think 
critically about their current state of KAP regarding aquaponics while discussing and 
brainstorming ways to improve.  

WORKSHOP RECOMMENDATIONS 

Recommendations were gathered by the workshop facilitators through discussions, direct 
questions and surveys. In summary, participants requested increased focus on aquaponics, and 
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provided several general recommendations, including to support: (i) education, training and 
communication; (ii) research and development; (iii) socio-economic and feasibility studies; 
(iv) regional and international cooperation; and (v) support for an enabling environment. 

Education training and communication  

Education and training are the key foundations for building up the necessary skills for the 
production, management and practices for aquaponics, and a trained and engaged pool of 
human resources is essential to any aquaponic intervention. Some suggestions include:  

• Increase the visibility of aquaponics through multiple communication streams 
including at farmer, consumer and administrator level to build clusters of interest on 
aquaponics. 

• Promote and improve capacity building to increase the knowledge on aquaponics 
systems functioning and to train specialists capable of addressing the various 
management issues on water quality, fish/plant farming and disease/pest prevention.  

• Improve the availability of training materials for extension, and facilitate their access 
in different languages to ease learning in every region.  

• Lengthen future workshop and integrate with more hands-on tutorials.  

• Optimize the yumina/bumina systems to be used for commercial-scale operations and 
to improve their water quality management. 

• Prepare a small manual on yumina/bumina systems, construction and management to 
be used as extension material. 

Research and development 

The need for new and/or adapted technologies for aquaponics is important, especially in using 
the best-adapted fish species and plant varieties that show good production and market demand 
in a regional context. The research and development could focus on: 

• Develop specific research and development programmes to identify best animal and 
plant choices, and validate production indicators for each country or climatic condition.  

• Facilitate and coordinate the dissemination of documents and case studies from 
previous work, and share the experiences gained with aquaponics in order to meet the 
growing demand for knowledge.  

• Facilitate the use of aid tools such as the aquaponics calculator, which will be an 
excellent planning tool if it is further integrated with fish, plant and environmental 
conditions. 

Socio-economic and feasibility studies  

The purpose of increasing aquaponic development is to provide increased food security and 
protein sources, provide jobs, create business opportunities and improve livelihoods through 
the development of aquaponics. Therefore, suggestions were:  

• Develop cost–benefit analysis of small- and commercial-scale systems to let farmers 
and investors take informed decision about whether aquaponics is the best profitable 
option among alternative farming techniques. 

• Carry out risk assessment of aquaponic systems to facilitate practitioners in their 
decision-making process and to effectively plan resilient systems that reduce failures 
to a minimum. 

• Source public funding or facilitate the private sector to start new business-oriented 
farms that prove the economic sustainability of aquaponics. 
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Regional and interregional cooperation 

Realizing that over the years, regional and interregional cooperation has brought considerable 
benefits to aquaculture development through dissemination of knowledge and expertise, 
recommendations were: 

• Develop effective South–South cooperation to successfully implement aquaponics 
among member countries and in connection with international organizations (e.g. FAO, 
SPC) to efficiently coordinate efforts. 

• Develop action plans to successfully promote aquaponics through the region. Upgrade 
demonstration facilities into commercial scale-systems to prove the feasibility of 
aquaponics to be developed commercially.  

• Promote informative frameworks on market opportunities and demand for aquaponics 
products. Focus on the value chain and the market differentiation for aquaponics 
products to enable farmers to efficiently plan their post-production targets and 
effectively market their products.  

• Create exchanges and technical assistance on advancing aquaponic systems at the 
regional level and provide opportunities for follow-ups after the construction of 
aquaponics systems.   

• Encourage networks among workshop participants to help in assistance. The use of 
modern communication technologies (i.e. app chats with online translation) can help 
interactions between people with a limited command of the English language. The 
networks could benefit from key resource persons who act as moderators and provide, 
together with all members, real-time counselling.  

National-level enabling environment  

• Promote the collaboration between the departments of aquaculture and agriculture at 
national levels and develop synergic programmes for training, research and 
development that efficiently cover both fish and plants.  

• Invest in aquaponics through community development to let farmers benefit from scale 
economies, fair division of production to meet the market, self-sufficiency in inputs, 
and risk-sharing approaches.    

Recommendations of paired workshop 

A technical training workshop on advancing aquaponics was also held in Osimo, Italy, on 27–
30 October 2015. Seventeen participants attended from ten countries of the Near East and North 
Africa region (Egypt, Jordan, Lebanon, Mauritania, Morocco, Palestine, Tunisia, Saudi Arabia, 
the Sudan and the United Arab Emirates), and were predominantly from government-associated 
aquaculture research centres. The four-day workshop consisted of lectures, demonstrations and 
hands-on activities supported by aquaponic experts. This activity was supported under the FAO 
Regional Initiative on Small-Scale Agriculture for Inclusive Development in the Near East and 
North Africa and the MAW-ERU under FAO’s revised Strategic Framework.  
 
Recommendations were gathered based on participant feedback and included: (i) education, 
training and communication; (ii) research and development; (iii) socio-economic and feasibility 
studies; and (iv) regional and international cooperation. Overall, these recommendations were 
similar between the two workshops, but a few additional recommendations stand out, as 
follows:  

• Convene additional and more-intensive training sessions at commercial large-scale 
aquaponic systems for participants at both the regional and national levels.  
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• Advocate at ministerial levels to include aquaponics within existing legislative 
frameworks to facilitate licensing and certification.  

• Identify advanced greenhouse technologies and infrastructures for new or existing 
aquaponic facilities adapted to local desert and arid land conditions. 

• Support the construction, management and data collection and analysis of 
demonstration centres of commercially viable size situated at national or regional 
institutions.  
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APPENDIX 1 
List of participants 

 

International participants 
 

 
Laura PASCULLI HENAO 
Agroindustry Business Director 
Productive Transformation Programme 
Ministry of Commerce, Industry and Tourism 
Bogota, Colombia  

E-mail: laura.pasculli@ptp.com.co 
Tel.: +571 7491000 / 3103341020 
 

A specialist in the agroindustry sector, focusing on food quality, 
competitiveness and international trade. As director of the 
agroindustry sector for productive transformation, she works 
with the private sector and other stakeholders promoting and 
developing special activities to increase food productivity in all 
agribusiness sectors.  
 

 

 
 
 
 

 
 

 
Seru Boginaivalu BATIBASAGA 
Fisheries Assistant and Hatchery Manager 
Naduruloulou Research Station 
Department of Fisheries 
Ministry of Fisheries and Forests 
Suva, Fiji 

E-mail: batibasagaseru@gmail.com 
Tel.:  +679 3477781  
 

Manages project officers at the Naduruloulou Research Station 
which specializes in the breeding and production of both 
freshwater and marine species which include tilapia, 
ornamentals, grass carp, prawns, oysters and seaweed. Works on 
feed formulation and environmental impact assessments. 
 

 

 
 
 
 
 

 
 

 
Edmund DATUAH 
Assistant Director, Station Manager 
Ashaiman Demonstration Centre 
Fisheries Commission 
Ministry of Fisheries and Aquaculture Development 
Accra, Ghana 

E-mail: edmunddatuah@yahoo.com 
Tel.:  +233 543863697  
 

A farm manager in-charge of the Ashaiman Aquaculture 
Demonstration Centre in Accra and is responsible for training 
farmers and students in aquaculture techniques including 
fingerling production, feeding and farm management. He also 
provides on-farm technical advice and extension to farmers. 
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Sammy MACARIA 
Principal Fisheries Officer 
State Department of Fisheries 
Ministry of Agriculture, Livestock and Fisheries 
Nairobi, Kenya 

E-mail: sammacharia@yahoo.co.uk 
Tel.:  +254 202718870  
 

Aquaculture programme officer in charge of coordinating the 
national aquaculture programme, which includes the technology 
transfer, farm surveys, certification and authentication of 
hatcheries and development of research programmes. Works with 
legislative frameworks to encourage aquaculture growth. 
 

 

 

 

Ata BINOKA 
Senior Agricultural Officer 
Division of Agriculture and Livestock 
Ministry of Environment, Lands and Agricultural Development 
Kiritimati, Kiribati  

E-mail: atabinoka1@gmail.com 
Tel.: +686 78191056  
 

Works with the Division of Agriculture and Livestock and is 
primarily concerned with implementation of biosecurity and 
quarantine protocols of agricultural imports. Also active with 
plant health, nursery seedling production and extension to 
farmers. 
 

 

 
 

 
Clyde JAMES 
Aquaculture Specialist 
Coastal Fisheries Division 
Marshall Islands Marine Resources Authority 
Majuro, Marshall Islands 

E-mail: clydejames@mimra.com 
Tel.: +692 6258262  
 

Works primarily with broodstock management and propagation 
of giant clam by managing the two government-run hatcheries. 
Also active in conservation of protected marine species. 
 

 

 

 

Zaw Minn NAUNG 
Fishery Officer 
Kume Fishery Station 
Ministry of Livestock, Fisheries and Rural Development 
Mandalay, Myanmar 

E-mail: zawminnaung550@gmail.com 
Tel.: +95 9402525427  
 

Responsible of the fishery research station in Kume working on 
broodstock health, water quality and feeding. The facility is 
active in hatchery reproduction and distribution of about 
60 million fry and juveniles each year to farmers in connection 
with extension interventions. 
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Carlos José BACON DOWNS 
Technician 
Ministerio de Economia Familiar, Comunitaria, 
  Cooperativa y Asociativa 
Managua, Nicaragua 

E-mail: cbacon@economiafamiliar.gob.ni / 
 josebacon@hotmail.com 
Tel.: +505 88439228  
 

Responsible for the identification, formulation and execution of 
projects related to production for food security and livelihood 
development for small farmers and cooperatives.  
 

 

 
 

 
Jackson NDUESO 
Chief Fisheries Officer (Aquaculture) 
Federal Department of Fisheries 
Federal Ministry of Agriculture and Rural Development 
Abuja, Nigeria 

E-mail: jndueso@yahoo.com 
Tel.: +234 8023341117  
 

An aquaculture officer specializing in on-farm adaptive research, 
design and implementation as well as extension services and 
administrative project management. Also lectures on rural 
development and contributes to policy formulation. 
 

 

 
 
 

 
Ulusapeti TIITII 
Principal Fisheries Officer 
Coastal and Aquaculture Section 
Ministry of Agriculture and Fisheries 
Apia, Samoa 

E-mail: sapeti.tiitii@maf.gov.ws 
Tel.: +685 20369 x413  
 

Principal fisheries officer concerned with aquaculture 
development in Samoa including the development of strategies to 
increase commodity production for reef enhancement, 
restocking, food security and livelihood development. She also 
carries out research, assessment and monitoring of coastal 
fisheries resources and habitats under the community-based 
fisheries management program (CBFMP). 
 

 

 

 

Guilherme Teotonio GOMES 
Chief, Department of Aquaculture 
Directorate General of Fisheries 
Ministry of Agriculture and Fisheries 
Timor, East Timor 

E-mail: teotoniogomes57@gmail.com 
Tel.: +670 77248198  
 

Chief of the Department of Aquaculture and works primarily with 
farmers to support the implementation of catfish culture through 
six districts. Also works with the implementation of grouper 
culture in the capital city, Dili. 
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Tim PICKERING 
Inland Aquaculture Advisor 
Secretariat of the Pacific Community 
Suva, Fiji 

E-mail: TimP@spc.int  
Tel.: +679 3370733  
 

Provides capacity development support and technical advice in 
inland aquaculture to Pacific Island countries and territories. 
 

 

 

 
National participants 
 

 
Nilla KUSUMAWATI 
Fisheries Production Expert 
Department of Animal Husbandry and Fisheries 
Ngamprah, Indonesia 

E-mail: nilaku1@yahoo.com 
Tel.: +62 081 22189440  
 

Works with the processing and marketing sector of fisheries and 
aquaculture, aiming to build and improve community 
empowerment and the support of entrepreneurship, especially 
through regulation and legislation. 
 

 

 

 
Mochamad NURDIN 
Extension Agent 
Executing Agency for Food Security and Agricultural 
Extension, Fisheries and Forestry 
Bogor, Indonesia 

E-mail: mochamadnurdin38@yahoo.co.id 
Tel.: +62 081 381459954  
 

An extension agent who provides guidance and coaching to 
fisheries farmers groups and related stakeholders. His primary 
audience is freshwater aquaculture practitioners to whom he 
delivers information on innovative aquaculture techniques 
including bumina/yumina. 
 

 

 

 

Mahanani PURBANDINI 
Fisheries Production Expert 
Centre of Production, Inspection and Certification of Fisheries 
Products 
Jakarta Provincial Government Office 
Jakarta, Indonesia 

E-mail: hana.purbandini@gmail.com 
Tel.: +62 081 329010522  
 

Responsible for hatchery production, specifically for catfish, and 
the distribution of fingerlings to aquaculture groups and 
cooperatives in the greater Jakarta area. She also provides 
hatchery training and extension to farmers, students and the 
general public. 
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Rosmilah 
Extension Agent 
Executing Agency for Food Security and Agricultural 
Extension, Fisheries and Forestry 
Banten, Indonesia 

E-mail: rosdkp@gmail.com 
Tel.: +62 081 310228127  
 

An extension agent providing guidance and training to fisheries 
farmer groups and related stakeholders, specifically through 
distribution of fingerlings, training in bumina/yumina and other 
innovative practices. 
 

 

 

 
Elis RISYANI 
Head of the Infrastructure Division 
Department of Animal Husbandry and Fisheries 
Bogor, Indonesia 

E-mail: elisrisyani@gmail.com 
Tel.:  +62 081 319242382  
 

Supports infrastructure development including road 
improvement, waterworks and irrigation restoration in support of 
aquaculture development. Technical assistance in seed and feed 
production, while also collecting farmer data and surveys. 
 

 

 

 
Sutrisno 
Agriculture Extension Agent 
Department of Animal Husbandry and Fisheries 
Jakarta, Indonesia  

E-mail: sutrisno.spkp@gmail.com 
Tel.: +62 021 990311247  
 

Provides extension, training and guidance to farmers to apply 
innovative technologies in the field of aquaculture. 
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APPENDIX 2 
List of speakers 

 

 

Idil ARDI  
Researcher  
Institute for Freshwater Aquaculture Research and Development 
Bogor, Indonesia  

E-mail: ardiidil@yahoo.com 
Tel.:  +62 081 380600524 
 

A scientist focusing on integrated farming systems. Works on 
sustainable freshwater aquaculture development focusing on 
environment and technology, and developing nutrient budget 
models in ponds, reservoirs and lakes. Interested in engineering 
farms and recirculating systems for freshwater fish larvae rearing. 
 

 

 
M.H. FARIDUDDIN  
Aquaculture Genetics and Breeding Researcher  
Institute for Freshwater Aquaculture Research and Development 
Bogor, Indonesia  

E-mail: faridkkp@yahoo.com 
Tel.:  +62 013 99090339 
 

A scientist conducting research on freshwater aquaculture 
genetics and breeding. Work focuses on aquaculture research, 
including freshwater fish domestication, population genetics, 
phenotype performance, reproduction and genetic improvement. 
Active in promoting aquaculture development in rural area. 
 

 

 
Gleni Hasan HUWOYON  
Research Scientist  
Institute for Freshwater Aquaculture Research and Development 
Hydroponics and Aquaponics Farmer  
Bogor, Indonesia  

E-mail: gleni_hh@yahoo.com 
Tel.:  +62 081 79305158 
 

A researcher and farmer. Work focuses on the application and 
extension of aquaculture and aquaponic research at individual 
farmer level. Works on aquaculture and farming activities of 
small-scale commercial hydroponics and aquaponics systems. 
 

 

 
Anang Hari KRISTANTO  
Director  
Institute for Freshwater Aquaculture Research and Development 
Bogor, Indonesia  

E-mail: ananghari25@gmail.com 
Tel.:  +62 251313200 / 085217190188 
 

A scientist focusing on fish breeding and genetics. As director of 
Institute for Freshwater Aquaculture Research and Development 
(IFARD) in Bogor, his main task is to conduct and implement a 
strategic research and development programme in the field of 
freshwater aquaculture. 
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Alessandro LOVATELLI 
Aquaculture Officer 
Food and Agriculture Organization of the United Nations (FAO) 
Rome, Italy 

E-mail: Alessandro.Lovatelli@fao.org 
Tel.: +39 06 7056448  
 

A marine biologist and aquaculturist with extensive experience in 
global aquaculture development working with FAO and other 
organizations. His area of work focuses mainly on mariculture, 
transfer of technologies and resource management. He has been 
promoting technologies applicable to freshwater poor areas. 
 

 

 
Angela M. LUSIASTUTI  
Researcher  
Institute for Freshwater Aquaculture Research and Development 
Bogor, Indonesia  

E-mail: lusiastuti_61@yahoo.co.id 
Tel.:  +62 081 7818701 
 

A research scientist focusing on fish pathology, particularly in 
microbiological identification and characterization. Her primary 
work is focused on vaccine and probiotic development, especially 
for freshwater fishes. Her interests include development of 
combined vaccines for both juvenile and adult fish, as well as 
methods for the detection of microorganisms. 
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Dewi PUSPANINGSIH  
Researcher  
Institute for Freshwater Aquaculture Research and Development 
Bogor, Indonesia  

E-mail: d_puspaningsih@yahoo.com 
Tel.:  +62 081 7819237 
 
A researcher focusing on aquaculture technology and 
environmental protection. Her work focuses on water quality 
requirements of locally important aquaculture fish and the 
development of freshwater natural feed. Her research interests 
include minimizing waste water from aquaculture activities and 
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APPENDIX 3 

Workshop agenda 

Day-1 – Introduction to aquaponics and country reports (Hotel Sahira) 
09:00 – 09:30 Registration 
09:30 – 09:50 Welcome remarks (FAO) A. Herianto 

09:50 – 10:15 Welcome address (MMAF) A. Poernomo 

10:15 – 10:45 Group exercise – expectations A. Stankus 

10.45 – 11:00 Coffee break 

11:00 – 11:45 Introduction to aquaponics H.E. Irianto / A.H. Kristanto 

11:45 – 12:30 Overview of aquaponics E. Pantanella 

12:30 – 13:30 Lunch 

13:30 – 16:30 Presentation of country reports All participants 

16:30 – 17:00 Coffee break 

17:00 – 17:30 Q&A session All participants 

17:30 – 18:00 Capacity assessment exercise A. Stankus 

Day-2 – Water, plants and animals, production and health (Hotel Sahira) 
09:00 – 09:30 Aquaponic system design, methods and styles E. Pantanella / E. Setiadi 

09:30 – 09:45 Balanced vs. decoupled systems A. Stankus 

09:45 – 10:00 Operational components and construction E. Setiadi / E. Pantanella 

10:00 – 10:30 Coffee break 

10:30 – 11:00 Component ratio (sizing and balance) Y.R. Widyastuti / E. Pantanella 

11:00 – 11:30 Water: parameters, sources and treatment A. Widiyati 

11:30 – 12:00 Biofiltration and initial cycling  D. Puspaningsih 

12:00 – 12:30 Q&A session All participant and lecturer 

12:30 – 13:30 Lunch 

13:30 – 14:30 Animal production and health M.H. Fariduddin A. / A.M. Lusiastuti 

14:30 – 15:00 Saline aquaponics E. Pantanella 

15:00 – 15:30 Coffee break 

15:30 – 16:30 Plant production and health Y. Sastro / G.H. Huwoyon 

16:30 – 17:30 Moderated discussion All participant and lecturer 

Day-3 – Field visits and practical (Cibalagung and SEAMEO BIOTROP) 
09:00 – 09:30 Travel to Cibalagung training facility 

09:30 – 12:30 Group work - training practical 
 

1. Water quality practical 
2. Daily management practical 
3. Animal production and health 
4. Plant production and health 

 
A. Widiyati / I. Ardi 

A. Stankus 
M.H. Fariduddin / A.M. Lusiastuti 

Y. Sastro/ G.H. Huwoyon

12:30 – 13:00 Travel to SEAMEO BIOTROP 
13:00 – 14:00 Lunch 

14:00 – 15:00 Tour of hydroponic / aquaponic facilities N. P. Utomo 

15:00 – 15:30 Video of family farmers Sholeh / G.H. Huwoyon 

15:30 – 17:00 Commercial production and marketing A. Stankus 

Day-4 – Design of aquaponic systems (Hotel Sahira) 
09:00 – 12:30 System design - practical group work A. Stankus 

12:30 – 13:30 Lunch 

13:30 – 14:00 Course conclusion A.H. Kristanto 

14:00 – 14:30 Closing remarks A. Lovatelli 

14:30 – 15:30 Bogor botanical garden tour All 



24 

 

APPENDIX 4 

Workshop expanded programme 

 

Day-1 – INTRODUCTION TO AQUAPONICS AND COUNTRY REPORTS  

Opening address (FAO)  
Opening address presented by Mr Antonio Caravaggio, Assistant FAO Representative to 
Indonesia.  

Welcome address (MMAF)  
Introductory remarks by Mr Achmad Poernomo, Advisor to the Minister of Marine Affairs and 
Fisheries on behalf of the host organization, Agency for Marine and Fisheries Research and 
Development (AMFRAD). 

Group exercise - expectations  
Participants are invited to share their expectations through a facilitated group exercise.  

Introduction to aquaponics (H.E. Irianto / A.H. Kristanto)  
Aquaponics has its first greater application 600 years ago with the use of Chinampas, artificial 
islands created by Aztecs in Mexico able to obtain up to three vegetable crops a year in order 
to provide fresh food to their ancient capital, the city of Tenochtitlán.  

Aquaponics has been rediscovered, and is used to rear aquatic animals and cultivate vegetables 
with the same water. It combines aquaculture (the culture of aquatic animals) with hydroponics 
(the soilless culture of plants). Aquaponics is based on a multispecies layout where different 
live organisms interact in a symbiotic environment: animals, vegetables and bacteria.  

Aquaponics is a completely natural process which mimics all lakes, ponds, rivers and 
waterways on earth. The only input to an aquaponic system is fish food. The fish eat the food 
and excrete waste, which is converted (by beneficial bacteria) to a form that plants can use. 
Aquaponics is a model for sustainable food production because it integrates fruit and vegetables 
with aquaculture, meaning that it recycles all of the materials it uses.  

In the vision of food security, aquaponics has demonstrated the potential to address food 
security issues in Indonesia by increasing productivity, reducing input uses and promoting 
food/income opportunities in various locations and conditions. The production of food at 
homestead or community level, as seen with yumina and bumina not only improved the dietary 
diversity of households by helping to reduce micro and macronutrient deficiencies, but it also 
empowered women by creating job opportunities at homestead level and educated consumption 
choices.  

There are different ways to produce plants in aquaponics. Staggered cropping grows plants of 
different ages in order to harvest continuously and maintain a constant uptake of nutrients from 
the water. Batch cropping, more suitable for seasonal crops or plants with long production 
cycles. Intercropping grows different species of plants together by taking advantage of the space 
left from each plant growing in different stages.  

Overview of aquaponics (E. Pantanella)  
Aquaponics integrates closed recirculating aquaculture systems with soilless plant productions 
(hydroponics). Closed systems, contrary to open systems, achieve high nutrient concentrations 
for plants allowing vegetables to grow under high qualitative and commercial standards.  

Dedicated research on aquaponics started in the 1970s with few institutes and universities 
across North America and Europe working on the idea of converting wastes into products by 
developing different engineering solutions from traditional closed recirculating systems (RAS). 
Focus on the research was mainly in addressing water quality issues while determining optimal 
fish/plant ratios.  
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Aquaponics, like any aquaculture system, needs: good water quality/sources, oxygen, ideal 
growth conditions, feed and optimal waste removal to keep water quality within acceptable 
ranges for fish. Nevertheless, the farming intensification achieved in aquaponics on one side 
needs energy and feed, on the other side it allows more control on water quality, environment, 
and health aspects, which are all factors that increase productivity. Aquaponics is an 
advantageous solution for the high yields achievable in limited space and for its highest water 
saving capacity.  

Aquaponics, like hydroponics, is much more productive than soil, and saves a large volume of 
water compared to traditional agriculture. The key of such success stands in the avoidance of 
certain farming tasks, reduction of soil-borne diseases and weed competition. Aquaponics can 
be used in marginal areas (city, deserts, and coastal areas) where traditional agriculture cannot 
be done.  

Aquaponics, on the contrary, raises some managerial challenges owing to the double expertise 
needed to farm both fish and plants and the need of a reliable supply of energy and feed.  

The key “engines” in aquaponics are the nitrifying and mineralizing bacteria. The former serve 
to convert ammonia released by fish and uneaten feed in nitrate, which is the most used form 
of nitrogen by the plants. Nitrification has the indispensable role to maintain optimal water 
quality for fish, which is fundamental in closed systems. In aquaponics the biofiltration 
operated by nitrifying bacteria occurs directly on the plant substrates, root and system surfaces 
and in dedicated units called biofilter. Mineralizing bacteria, on the other hand, feed on organic 
wastes and help to release nutrients essential for plants such as phosphorus.  

Presentation of country reports  
Participants from each country are invited to introduce themselves and present the state of 
aquaponics in their home country. These presentations follow the summary report questions 
circulated to the participants, including questions about the level of aquaponics knowledge, 
development of RAS technologies, and major stakeholders. The purpose is to develop a broader 
understanding about aquaponics, and to identify similarities and differences among the group 
and within the sector.  

Group assessment exercise  
Knowledge, Attitudes, Practices – An individual exercise where each participant is asked to 
complete a distributed worksheet that will answer a series of questions about the participants 
current state of knowledge, attitudes, and practices. Results will be used to guide further 
workshop activities. 

Day-2 – WATER, PLANTS AND ANIMALS, PRODUCTION AND HEALTH  

Aquaponic system design, methods and styles (E. Pantanella / E. Setiadi)  
A set of slides highlighting the scope and breadth of aquaponics demonstrates the versatility 
and uses of Aquaponics while offering a broader picture of the global usage of this technology.  

Aquaponic systems are divided by the technology of water recirculation used and influenced 
by the type of plant growing module that they use. Each design has positives and negatives. 
The most common types are: deep water, ebb flow, nutrient film technique and the wicking 
bed.  

Deep water culture is a large tank of water with a floating polystyrene sheet on top, and the 
roots hang down into the water. The positives of deep water culture are the ability to grow large 
amounts of plants in a small space. The tanks can be built with simple materials, buried in the 
ground or made with hollow-form bricks, and lined with polyethylene sheets. There is an 
opportunity for automation. This is the best and most common system for large scale 
commercial plants. The negatives are the heavy weight of the water. The water pump needs to 
be larger to circulate the water constantly, and it is easy for there to be anoxic, dead spots.  
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Nutrient Film Technique (NFT) is where plants grow in grow tubes (often PVC pipes) that have 
a constant, thin layer of water in the bottom. The positives are the very low weight which makes 
it appropriate for roofs and relative cheapness of construction. Then negatives are that it is 
difficult to control the temperature inside the tubes. Also, if the water stops flowing then the 
plants can die very fast which makes this inappropriate where electricity is unreliable.  

Media beds are the simplest and easiest to understand. Plants grow in an inert medium of clay, 
cinders, rocks or others. The medium provides support and also a location for the bacteria to 
live. It is most similar to the soil based gardening, so is very easy to explain to new practitioners. 
The positive is the combined biofilter which makes balancing the system very easy. The 
negative is that the media is hard to clean, and can accumulate solid wastes which is a health 
risk to fish and plants. Most media beds have a reciprocating water height controlled by either 
siphons or timed pumps, which gives the media high oxygenation good for roots and bacteria.  

Wicking beds are a type of media beds that deserves special attention. A secondary container 
full of a second type of media is half buried in a standard media bed. The water is carried by 
capillary action from the main media bed up into the second media bed. This gives the 
opportunity to use different media that can support root crops like carrots and storage onions. 
Also it allows to fertilize the media without affecting the fish.  

Yumina/bumina is a special type of media bed where satellite pots line a large fish tank, water 
is pumped to a header tank and distributed to the satellite pots containing the plants and 
cascades back to the fish tank. There are multiple designs. The design is simple to construct 
using common materials, the system is robust and easier to manage, but it may be challenging 
to intensify commercially.  

Balanced vs. decoupled systems (A. Stankus)  
There are two large divisions within aquaponics, balanced systems and decoupled systems. A 
balanced system is the ‘normal’ system, based on the design by James Rakocy at the University 
of the Virgin Islands. The water is recirculated between the fish to the plants and back to the 
fish.  

A decoupled system is different. It is also called a “dual-loop” system. It is a standard RAS 
system (fish tank to filter back to fish tank). The solid waste is diverted into a mineralization 
tank. Each day some of the fish tank water, 5 percent, is also given to the mineralization tank, 
and the fish tank is resupplied with fresh, clean water. From the mineralization tank, the nutrient 
rich water goes through a one way valve to the hydroponics portion. This is a standard 
recirculating hydroponics system (reservoir to plants to reservoir). At no point does water from 
the plants go back to the fish.  

The benefits of a decoupled system are that you can add aquaponics to an existing RAS with 
minimal changes. Both systems can be run independently. If disease or pests occur, the systems 
can be separated and treated without hurting the other system. In essence, two separate systems 
can be built and managed, connected by a one-way pipe.  

The negatives of a decoupled system are increased water management, more complicated 
plumbing, more tanks, and more control valves.  

Operational components and construction (E. Setiadi / E. Pantanella)  
The presentation analyse in more details the components of an aquaponic system and show 
construction details of some yumina/bumina systems:  

Fish tank is where the fish live. It should be a normal shape that allows water movement and 
easy cleaning, be covered with netting to prevent the fish from jumping out, and be in indirect 
sunlight.  

Mechanical filter is used to separate the solid wastes, the most important aspect of RAS and 
Aquaponics. Common types include a swirl filter, baffle filter, drum filter or mesh screen.  
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Biofilter, is a tank where particulate media with high surface-to-volume ratio provide surface 
for the nitrifying bacteria to grow. Nitrifying bacteria help to convert toxic ammonia into nitrate 
for the plants. Different media can be used. Media beds, filled with their substrates are natural 
biofilters.  

Grow bed is where the plants live. It is important to have the correct size, good aeration and no 
leaks. Media materials should be lightweight and porous, but not float.  

Sump is the lowest point in the system - water always flows downhill into the sump. The sump 
is not strictly necessary, but it makes water management and filtration easier.  

Water pump should be large enough to circulate the water 1–2 times every hour. A pre-filter 
prevents obstructions from damaging the pump. Air pump should be large enough to provide 
5–8 ppm of dissolved oxygen in all parts of the fish tank at all times. Well placed air stone 
diffusers ensure there are no “dead” spots with low DO.  

Component ratio (sizing and balance) (Y.R. Widyastuti / E. Pantanella)  
The fish and the plants need to be balanced. If there are too many fish, then there is an 
accumulation of nutrients and the plants and fish both suffer. If there are too many plants, there 
are insufficient nutrients and the plants do not grow well. If the biofilter is too small, there will 
be insufficient bacteria to convert the ammonia, and the fish will suffer. There are two main 
ways to balance an aquaponics system. The Feed Rate Ratio OR Water Volume Ratio + 
Stocking Density.  

The Feed Rate Ratio states that every 50–80 grams of fish food that enters the system per day 
can fertilize 1 square metre of plant growing area. The amount of feed suggests the biomass of 
fish required.  

The Volume Ratio + Stocking Density is an estimation that for every 1 unit of water of fish 
tank, you can fertilize between 2–4 units of grow bed. This assumes a standard stocking density 
of 10–20 kg/m³ of water in fish tanks.  

The ratio used in yumina and bumina is based on the number of fish per unit of pond volume: 
catfish 300–500 fish/m³, Nile tilapia 50 fish/m³. A ratio of four units of fish per unit of cultivable 
area is applied.  

The crop densities normally applied in aquaponics are in general 20–25 plants/m² in case of 
lettuce and 4–8 plants/m² for fruity crops, depending on their size.  

For sizing the water pump it is necessary to determine the volume of the fish tank/s, the 
hydraulic retention time (HRT - time needed to fully replace the tank water) and the water head. 
Some practical examples are shown to correctly identify the optimal pump and thus saving on 
electricity.  

Aeration is needed to support fish respiration, nitrification and mineralization. For each gram 
of feed supplied an equal weight of oxygen is needed. Oxygen solubility depends on water 
salinity, temperature, and air pressure (solubility is maximum at sea level). In general an 
airstone positioned at 0.9 m depth in the fish tank filled with freshwater, at sea level and with 
temperatures of 25–30 °C can transfer 1.2 g/hour of oxygen (2.5×5 cm airstone, with an air 
flow of 5.7 litre/min) or 2.2 g/hour of oxygen (4×8 cm airstone, with an air flow of 9.9 litre/min)  

Water: parameters, sources and treatment (A. Widiyati)  
There are several common sources of water: municipal water, rainwater, surface water, well 
water. All new sources of water should be tested before use in an aquaponic system.  

Main water parameters to check on a regular basis include: temperature, dissolved oxygen, 
carbon dioxide, pH, ammonia, nitrite, nitrate, hardness, and alkalinity. In addition, initial 
chemical analysis should include microbiological and chemical contaminants including 
chlorine and heavy metals.  
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Hard water (water with high levels of calcium carbonate) can be treated with phosphoric acid 
before being added to the system. Water with potential of microbial contamination can be sand 
filtered and exposed to UV treatment. Water with chlorine can be oxygenated for 24 hours.  

Living organisms in an Aquaponic system affect the water chemistry. Fish release carbonic 
acid and lower the pH; nitrification by the bacteria releases acid and lowers pH.  

Biofiltration and initial cycling (D. Puspaningsih)  
The biofilter play the key role to host nitrifying bacteria to convert toxic ammonia into nitrate. 
Although the surfaces within the aquaponics system are colonized by nitrifying bacteria, there 
is the need to add a dedicated biofilter to improve the efficiency, especially when high stocking 
densities and high protein diets are used. Various media are used for biofilters with different 
surface-to-volume ratios. The smaller is the media the more surface is exposed to bacteria. The 
efficiency of the biofilter depends on the water flow, temperature, salinity, pH, dissolved 
oxygen and suspended solids. The biofilter takes a long time to fully process the daily ammonia 
produced by the fish. The time required is at least 6 weeks, but can be as much as 3 months. 
Bacteria will be inhibited at ammonia concentrations higher than 4 ppt. Warm temperatures 
help the bacteria cycle faster, and bacteria do not work well below 15 C. It is helpful to do 
nitrogen and pH testing often during the cycling process and to graph the results. This will give 
an indication of how far along the cycling process the system is.  

Fishless cycling is a good way to jump-start the biofilter. Instead of using fish as the source of 
ammonia, urea can be used. The nitrifying bacteria will colonize the biofilter and convert the 
urea into nitrite and finally nitrate. This prevents the stress and death of fish when they are 
stocked into an immature system.  

The most common error is impatience - adding too many fish too fast can kill the fish. Wait for 
the biofilter to be fully cycled before fully stocking the fish. It is better to stock very slowly. 
Also, be sure that the biofilter is large enough.  

It is important to pay attention to balance the aquaponic system, for example avoid transplanting 
only a few vegetables and introducing too many animals in a short time. Greater volumes of 
water are more balanced and have more stable aquatic parameters.  

Animal production and health (M.H. Fariduddin  / A.M. Lusiastuti)  
The key characteristics for choosing the right species to rear include: temperature range, the 
ability to live in crowded conditions, and fast growth. Also, it should be neither territorial nor 
cannibalistic; be adaptable to different methods of raising; able to be reared in polyculture; and 
exhibit a high survival rate and be resistant to diseases.  

The most common species reared in aquaponics are: tilapia, carp, koi carp (ornamental species), 
trout, catfish, barramundi, jade perch, blue gill (sunfish), crayfish, freshwater prawn 
(Macrobrachium sp.). In salt water it is possible to rear seabass, seabream, penaeid shrimp and 
sole.  

Good water quality will ensure health fish and high growth rates. Strong, healthy fish living in 
clean, un-crowded conditions with adequate oxygen is the best defence against disease - support 
the immune system of the fish by providing a healthy environment and good food.  

It is important to keep a steady standing crop of fish in the systems. To replenish harvested fish, 
choose either to resupply from a hatchery or to breed fish on-site. Hatchery-supplied fish can 
add to cost, and you need an additional biosecurity control to prevent incoming disease. On-
site breeding adds to the labour costs and requires more expertise.  

It is important observe the behaviour and the physical features of animals every day and every 
time they are fed. A healthy fish swims normally, with all fins erect, and exhibits normal colours 
and markings; has a good appetite; does not show signs of stress or damaged fins; breathes 
normally and does not gasp at the surface. Preventive healthcare is based on the observation 
of the following features: biology of species; feed; water quality; quarantine; cleaning of 
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the system; and disinfection. Sanitation practices for tank facilities include: regularly 
remove wastes (faeces, uneaten food, etc.); weekly clean the facility; place hand-washing 
areas at the entrance of the facility and in the working hot spots.  

Ensure proper biosecurity by using: nets against birds; fences against wild animals; 
disinfectants such as bleach (sodium hypochlorite at 5 percent) against harmful bacteria and 
microorganisms. Be cautious to avoid using chemicals that are dangerous to the fish or plants, 
or are prohibited. Avoid any live feed from outside source, unless cooked; filter/disinfect 
incoming water; and control any stress that could make animals more prone to pathogens.  

A hospital tank should be available to remove fish out of the main system for treatment. No 
chemical treatments can be used in the main system because it will hurt the bacteria and the 
plants necessary for aquaponics. Anyway it is possible to use some organic substances such as 
common salt that are well-known for their ability to protect the animals from the action of some 
parasite organisms.  

Saline aquaponics (E. Pantanella)  
Salt water (marine) aquaponics is similar to freshwater aquaponics, but there are limitations 
imposed by the marine environment. Salinity, defined as the amount of salt in water, has an 
effect on the regulation of the amount of water inside a fish (osmoregulation), and it can lead 
to stress. It is important to monitor the water parameters of the salt water, and there are 
differences in the effect of pH and unionized ammonia.  

Some marine fish species are tolerant to lower salinity levels than those of the sea, this allows 
a wider selection of plants suitable for aquaponics. Some commercial fish species can live at 
7–10 ppt of salinity, and it is essential to adjust the salinity slowly.  

Choose appropriate crops and varieties. The best plants to grow in salt water are: halophytes 
(plants resistant to salinity), algae, and to a certain extent traditional horticultural crops under 
proper management and brackish water conditions. Nevertheless, salt-tolerant plants have 
better performance at lower salinity because of osmotic pressure.  

Some techniques help also farmers to reduce plant stress to salt, such as: environmental control 
to reduce water stress, improved nutrition, use of anti-stress factors and using grafting 
techniques with tolerant rootstocks. Salinity can sometimes increase the quality of fruits. In 
many places marine fish have high market demand, but limited vegetables can be grown in salt 
water.  

There are some commercial opportunities for ornamental marine species.  

Plant production and health (Y. Sastro / G.H. Huwoyon)  
Plants use light, water and nutrients to grow. Besides the environmental parameters such as 
light, temperature and humidity, wind, aquaponic method, water quality and nutrients 
determine the health and production of fish. Each plant has a specific tolerance and acceptable 
range, and sometimes protected culture areas are required.  

Understanding the uses and function of the essential nutrients (N, P, K, Ca, Mg, S, Fe, Mn, B, 
Zn, Cu, and Mo) can aide in identifying and rectifying nutrient deficiencies. pH can affect the 
availability of the nutrients, and the best range for plants is from 5.5–7.0.  

Plants grow well in aquaponics because: no crop-weed competition; less effort necessary to 
extend the roots; and the constant availability of water and food.  

Optimal selection of plants is the one that suits the environmental needs of both plants and the 
fish being reared. Selection criteria for plants is based on temperature, photoperiodism, nutrient 
demand and type of aquaponics system.  

Deep water culture is best for large scale production of salads, greens and herbs. It does not 
support very large plants as well. NFT is also best for small, fast growing plants. Media systems 
are good for taller plants that need more support such as tomatoes or peppers.  
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Suitable species in aquaponics include: salads, tomatoes, cucumbers, beans, peppers, cabbages, 
beets, green onions, herbs, ornamental plants and many more. Root crops are possible, but 
difficult.  

High throughput of plants requires a system to ensure efficient seeding, transplanting, grow-
out, and harvest. It is important to have a good supply of seedlings ready to be planted into the 
system; continual harvesting and replanting will ensure that the levels of nutrients into the water 
are relatively constant. Two seed starting choices are available: seeding directly on the grow 
bed or a nursery area where to grow the seedlings; it is strongly recommended to avoid using 
plants started in soil or from an independent nursery temperature. Temperature and humidity 
are fundamental for the rapid growth of the seedlings.  

A healthy plant is visually recognizable: swollen and erect parts of the body; green leaves and 
no tissue alterations (such as curling, discolouration, dry parts, etc.); well-developed and 
healthy roots; absence of signs of rot; the fruits are colourful.  

Nutrient deficiencies occasionally occur in aquaponics, especially potassium and iron. To 
correct, first ensure a correct balance of fish to plants, complete fish waste mineralization, and 
then consider supplementation. Potassium and calcium can be added during pH correction using 
carbonates, iron can be added as a chelate, and liquid kelp can supply micronutrients.  

Integrated Pest Management is the combination of several methods to manage problems dues 
to insects: environmental control; insect barriers; insect traps; fungicides: beneficial organisms.  

Chemicals products for diseases prevention and pests and diseases control cannot be used 
because they endanger the fish and bacteria. Examples of biological methods against pests and 
fungus that use predaceous and parasitoid insects (Adalia bipunctata, Aphidius ervi) and natural 
products composed by: antagonistic microorganisms of fungi; plant extracts; seaweeds, 
bacteria, etc. 

Day-3 – Operational Management and Human Resources  

Field trip to Cibalagung training facility  
The practical section and hands-on activities are based on work in small groups and include 4 
modules: water quality management; operational management; animal production and health; 
and plant production and health. Each module reviews and reinforces lessons from Day 2. 
Participants are asked to take turns explaining each module to their group with the support of 
the facilitator to practice teaching aquaponics. Objectives of the tour are to practice doing and 
teaching the daily management of a mid-size aquaponic system and to highlight the importance 
of human resource training.  

Module 1: Water quality (A. Widiyati / I. Ardi)  
Water management includes full water quality testing and adjustment of key parameters. 
Correction of the pH of water using acid or base substances.  

Module 2: Daily management (A. Stankus)  
Human resources are a critical pillar of any aquaponic farm and employees and managers need 
to be well trained. Practical management and record keeping are essential for the correct 
operation of an aquaponics system. It is important for management of the health of plants and 
fish, for tracking and predicting production and labour costs, and for safety and certification 
during inspection. Major components are identified and discussed, and full day of management 
and data collection, including training, daily management tasks such as cleaning, checklists and 
log book data entry.  

Module 3: Animal production and health (M.H. Fariduddin / A.M. Lusiastuti)  
The practical section and hands-on activities include the practice of: proper feeding technique; 
measuring the main water parameters; selection, capture and reintroduction (acclimation) of 
animals; the preparation and proper use of quarantine and salt bath treatment. The objective of 
these exercises is increased comprehension of the management of animals in the tank regarding 
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the quality of water, introduction of individuals after quarantine and acclimation, feeding and 
correction of water conditions regarding pH. Management of fish also includes proper 
techniques and methods of feeding; harvesting; stocking; observing and treating for disease.  

Module 4: Plant production and health: (Y. Sastro / G.H. Huwoyon)  
The practical section and hands-on activities include the practice of: seeding, transplanting and 
harvesting; identification of diseases, pests and nutrient deficiencies and their treatment 
options.  

Plant management includes seeding, transplanting, harvesting, checking and observing plants 
to identify and diagnose insect pests, diseases and nutrient deficiencies and methods for 
correcting and treating each.  

Field trip to SEAMEO BIOTROP (N.P. Utomo)  
SEAMEO BIOTROP, the Southeast Asian Regional Centre for Tropical Biology is one of the 
seventeen SEAMEO (Southeast Asian Ministers of Education Organization) centres. SEAMEO 
BIOTROP conducts its activities emphasizing on the empowerment of human resource in 
Southeast Asia. The activities cover research, training, networking, and personnel exchange 
and information dissemination in tropical biology. The tour of the BIOTROP teaching 
facilities includes the hydroponic greenhouse, the aquaculture ponds with various fish 
species and a variety of aquaponic systems, as well as a brief look at mushroom culture, 
micropropagation and tropical forestry laboratories located at the centre.  

Video of family aquaponic farmers (Sholeh / G.H. Huwoyon)  
In lieu of a tour to small family farmers using the aquaponic techniques, a video tour of two 
small holders was prepared. The farmers offer an overview of the aquaponic activities, and 
highlight the benefits and challenges of this farming technique while identifying the important 
crops and their production and effects on the household income and diet.  

Commercial production and marketing (A. Stankus)  
There is a difference between commercial production and small scale production. Commercial 
production can realize gains from the efficiency of scale, but the investment increases. 
Aquaponics changes from small to large – it is not always linear. Large designs must be 
designed in such a way to take advantage of these differences. Many commercial aquaponic 
farms exist, but many farms have failed.  

A pilot system is important to make before a full commercial site is developed – to develop 
market, work out the bugs and bring in investors.  

Village aquaponics is a good solution for the creation of a big commercial plant, dividing the 
cost of installation, management and work between several persons in a community.  

The use of covered aquaponic systems allows a better control on the environmental parameters 
and for biosecurity purpose. Greenhouses are important in temperate climate, and the proper 
equipment should be chosen. It may be necessary to bring in a specialist in controlled 
environment agriculture to ensure that the equipment, fans, air movement, shade, humidity, 
lights are appropriately chosen and installed.  

Energy consumption could be a significant cost. Some strategies to reduce consumption include 
timed pumping, temperature control with passive heating/cooling, positioning of greenhouse, 
solar, small strategies, types of grow light (neon, HPS, and LED).  

It is important to understand the market demands, market location, produce production and 
sales prices, transportation and storage logistics. This market analysis must be done before 
designing a commercial system. The idea is not ‘how much can I grow’ but it is “how much 
can I sell”. Niche markets vs commodity: commodity is selling lettuce by the kilo which is very 
hard to compete. Niche marketing is identifying a gap in the market demand that can be filled 
by an aquaponic system. The 4Ps of applied marketing: Product, Price, Place and Promotion. 
How to sell better following the direct marketing and the sale on site. Aquaponic marketing 



32 

 

directives. The strategic actions in order to reach more customers. Creation of a professional 
product presentation and of a customer portfolio. Online communication is a must today. 

Day-4 – Commercialization  

System design – practical group work (A. Stankus)  
A hands-on practical group activity that uses a spreadsheet calculator (provided) and 
participants local financial variables (i.e. cost of fish feed and sale price of vegetables) in order 
to design a theoretical aquaponic demonstration system that could be built at the participants 
home station. The spreadsheet calculator provides the very basics of a financial analysis, which 
is then hand-sketched on graph paper. Sketches include sizes and position of each component, 
including the fish tank, grow bed, sumps and pumps. This exercise shows the relationship 
between financial variables, relative costs, and serves as a final review of the course. 
Participants have materials to show to colleagues and co-workers upon return. Groups are 
invited to present to entire class to practice lobbying and explaining aquaponics.  

Course conclusion (A.H. Kristanto)  

Closing remarks and future directions (A. Lovatelli)  
Course evaluation – a survey used to determine participants’ satisfaction with the course as well 
as a second survey to indicate changes knowledge and attitudes about aquaponics.  
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APPENDIX 5 

FAO welcoming remarks 

 

The following FAO opening address, reproduced here in its entirety, was presented on behalf 
of Mark Smulders, FAO Representative to Indonesia on the occasion of the workshop 
Advancing aquaponics: an efficient use of limited resources, 23–26 November 2015 in Bogor, 
Indonesia.  

 

Ladies and Gentlemen,  

1. On behalf of Mark Smulders, Representative to Indonesia of the Food and Agriculture 
Organization of the United Nations (FAO), it is my pleasure to welcome you here today. Some 
of you have travelled a long distance, and we thank you for your effort for what we hope will 
be a valuable experience for furthering the development of aquaponics. We thank our hosts, the 
Ministry of Marine Affairs and Fisheries of the Republic of Indonesia for their gracious 
hospitality and support, but even more so for their earnest desire to share their experiences of 
aquaponics with the wider global community.  

2. To begin, we should remember why we are here. We face global challenges in the near 
future: namely that a finite natural resource base must sustain a growing population in a 
complex and changing world where agriculture faces an unprecedented confluence of pressures. 
The population is increasing, hungry for more and better food, yet even now there are hundreds 
of millions of undernourished people on our planet. Many natural resources, including soil and 
freshwater, are already overexploited, and a changing climate will add further stress to this 
precarious situation. Within this context, we have complex social dynamics, institutional and 
governmental capacities that influence the long-term success and impact of development 
interventions, both national and international.  

3. To combat these global concerns, FAO has undergone a strategic restructuring focusing 
on five priority objectives, in order to make a more agile and streamlined institution capable of 
tackling the global concerns through interdisciplinary and cross-sectoral actions. These 
priorities are: 1) help eliminate hunger, food insecurity and malnutrition; 2) make agriculture 
more sustainable and productive; 3) reduce rural poverty; 4) enable inclusive and efficient food 
systems; and 5) increase resilience from disasters.  

4. Though aquaponics addresses several of these priorities, our main focus here is 
Strategic Objective No.2 (SO2), i.e. to make agriculture, forestry and fisheries more productive 
and sustainable. To do more, with less. Furthermore, this regional activity is under the auspices 
of the Regional Initiative on Blue Growth in the Asia and Pacific region in collaboration with 
the FI Aquaculture Branch (FIRA) because aquaponics can contribute to their mutual objectives 
on improving the efficient use of aquaculture resources while increasing the resilience of 
farmers. 

5. This workshop will focus on one of the Objectives’ major streams of work: supporting 
innovative practices and the adoption of new technologies. We will be primarily focusing on 
enhancing Efficient Resource Use through aquaponics. At the same time we will address 
complimentary principles of protecting natural resources, improving livelihoods and increasing 
resilience.  

6. One of the most pressing issues is the availability of freshwater resources, recognizing 
that nearly two billion people depend on agriculture in arid areas, and that global climate change 
is increasing the risk of desertification around the world. This is a pressing concern for many 
regions around the world – from the dry corridor of Central America, to the deserts of northern 
Africa or the water scarce atolls in the Pacific.  
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7. Aquaponics is one of these integrated technologies that addresses some of the outlined 
constraints. The next four days will be spent talking about the technical details, with an 
experienced team of experts from the Ministry of Marine Affairs and Fisheries of Indonesia in 
collaboration with a team of FAO consultants.  

8. In the simplest terms, aquaponics is the combination of hydroponics and aquaculture. 
By combining these two separate systems, we are able to use the wastewater from the fish to 
fertilize the plants. This integration increases efficiency. This is the key opportunity provided 
by aquaponics.  

9. FAO has a proposed methodology to support the development of aquaponics. First, and 
most importantly, aquaponics should only be used in the right locations. Identification of these 
locations through participatory needs assessment is the first step. Documenting and 
disseminating the best practices through technical guidelines is also important - kindly note that 
FAO has recently published a technical manual on small-scale aquaponic food production that 
each participant will take home.  

10. Then, facilitating regional networks of experts is crucial for the long-term anchorage 
of aquaponic development. It is important for us, for you, to forge connections among 
yourselves and others in the region to share locally-appropriate and location-specific 
techniques. This form of South-South Cooperation can reduce the reliance on outside materials 
and outside experts and allow aquaponics to develop naturally within this geographic and 
cultural context.  

11. FAO has been facilitating South-South Cooperation among different countries and 
regions for over two decades. FAO can support the networking and knowledge sharing process; 
however ownership from the experts and countries are crucial to keep the momentum and 
sustain the networks. During your discussions over the next days, I would urge you to think 
about how best we can utilize the expertise gathered in this room and keep the coordination and 
exchange among you beyond the workshop, and how FAO can support this process.   

12. Then, it is important to consider building demonstration units. These units are generally 
built at universities, institutes or government aquaculture research centres - but also medium-
size businesses often open their doors to demonstrate aquaponics to the wider community. 
These demonstration sites should be located somewhere stable with institutional memory, and 
then used to research and adapt the general aquaponic technologies to locally important fish 
and plant species. Moreover, these sites serve as education and training centres, often targeting 
young students and entrepreneurs, to develop the capacity of the farmers who should be 
provided with simple implementation materials to build production systems of their own.  

13. Aquaponics works, but different scales should be used for different purposes. Medium 
to large demonstrations centres, such as the one at the University of the Virgin Islands, are used 
to teach, research and develop sound financial investment strategies. Small systems using 
simple materials and simple techniques are used for family and village level interventions using 
low-risk and low-expenditure techniques, key for development in rural areas.  

14. The impact of aquaponics is to produce both fish and vegetables, together and 
efficiently, using minimal inputs. Aquaponics is an option for farmers with limited access to 
land and water to have a chance to grow food. No fertilizers or chemical pesticides are required. 
And overall it provides small-scale farmers the potential to earn a supplementary income, and 
for commercial farmers to create a viable business. 

15. In addition, aquaponics provides an opportunity for women and youth to be involved 
in the production of fish and plants, and the daily tasks are labour-saving. It is an opportunity 
to promote education, and can be done in a safe and secure way inside the home on the balcony 
or rooftop at a small-scale. In areas where there is a potential to build a network among several 
households using aquaponics, it is easier to purchase fish stock, feed, and seed plants in bulk 
and at a cheaper price and can thereby lead to opportunities for commercialization. 
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16. Aquaponics provides a method to grow fish as a source of protein. Choosing a wise 
selection of crops for a small-scale system can add to a family’s dietary diversity and alleviate 
the burden of micronutrient deficiencies by adding nutritious crops to the diet in a cost-effective 
way.  

17. But one must be cautious. Aquaponics seems too good to be true. There is a history of 
unscrupulous people who explain all of the benefits of aquaponics, but fail to highlight the risks. 
An aquaponic system requires electricity to operate the pumps and thus cannot work unless 
there is a reliable source of power. Aquaponics is most appropriate where land is expensive, 
water is scarce, and soil is poor. Otherwise, in areas suitable for agriculture, the introduction of 
aquaponics may be too complicated, or just unnecessary. A market that is willing to pay 
premium prices for nutritious, high-quality and residue-free produce is required for a large-
scale commercial system.  

18. There are challenges that should be addressed and discussed over the following days. 
Aquaponics requires dependable electricity, reliable access to fish seed, plant seed and good 
quality water. The farmers and workers need to be trained and engaged. Finally, any 
commercial aquaponics venture requires a feasibility study, sound financial planning and 
significant technical expertise before it can be seriously considered.  

19. With these challenges in mind, there are lessons worth sharing from FAO’s aquaponic 
experience in Gaza.  

20. In the early 2000s, FAO implemented an emergency food production project funded to 
increase both food and nutrition security in this region. The project installed approximately 70 
aquaponics systems in food insecure, predominately female-headed, households.  

21. The project was initially successful in providing a means for the women to grow food. 
However, after the initial inputs ran out, many families did not have the cash to buy new inputs, 
a basic farming background to ensure good plant performance, or access to technical support 
from local, experienced producers. The Gaza experience demonstrates the need to initially work 
with families who possess both an entrepreneurial spirit and a farming background. Further, 
these small-scale family framers needed a local technical base and regional network to provide 
on-going support and extension. 

22. The main goal of this workshop is to open a dialogue with you. We ought to share with 
one another why we are here. What we hope aquaponics can do for us and for the people we 
represent, and what reservations and concerns we have. Of course, you will receive an 
opportunity for a hands-on, intensive technical training where you will go through every detail 
of aquaponics. By the end, we hope that you will have acquired the knowledge, experience and 
materials to share what you have learned with your research centres and the farmers so that 
together we can use aquaponics in our collective struggle against hunger.  

23. This conversation is much longer than a single workshop, so let us keep in touch 
through a network so that we can continue to share and learn from each other. We would like 
to hear from you what further needs are envisaged to support aquaponic development, and 
especially how FAO can provide that support, whether it is through technical assistance or other 
means. Over the next few days, we will record your recommendations, and the report and share 
with our Members to better guide our future activities.  

24. And so, I extend my heartfelt welcome to all of you. Thank you for coming and we 
look forward to collaborating and supporting you in future endeavours that may include 
aquaponics development in your respective countries. 
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APPENDIX 6 

Country survey forms 

 

Each country was asked to give a short presentation on the first day regarding the level of 
aquaponic development in their home country. For this, a 2–4 page written summary was 
requested in addition to the 5–10 minute presentation.  

Each participant was invited to design a model aquaponic system on the final day. The exercise 
was to imagine that the participant would actually build a demonstration system upon their 
return to their home country. Each choose an actual location (university, Department of 
Fisheries, aquaculture training centre, etc.) that would be convenient for training industry 
professionals and students. The following questionnaire was circulated in anticipation of the 
workshop to collect actual market prices (electricity cost, crop sale price, etc.) to support the 
financial analysis. These data were fed into an Excel model which was used to estimate 
production and revenue based upon local conditions.  

Both the survey forms are presented herewith. 
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Summary report  

 

TECHNICAL TRAINING WORKSHOP ON ADVANCING AQUAPONICS: 

AN EFFICIENT USE OF LIMITED RESOURCES 

Country summary report 

 
Each participant is kindly requested to prepare a 2–4 page report regarding the current 
state of aquaponics, if any exist, in their home country. However, summaries should 
include not only the state of aquaponic development, but information on recirculating 
aquaculture and hydroponics. Some important information to include would be: 

Aquaponics  

 General awareness of aquaponics in university and extension programmes. 
 Number of universities with aquaponic systems. 
 Number of commercial aquaponic companies. 
 General awareness of aquaponics at the government level. 
 General awareness of aquaponics in the general public. 
 Availability of information regarding aquaponics. 
 Significant blocking issues to aquaponic uptake and development. 
 Relevant companies, institutions, universities or other organizations that are 

practicing aquaponics. 
 Level of business interest for investment on new agricultural technologies. 
 
Recirculating aquaculture (RAS) 

 Level of awareness of RAS at university level. 
 Level of use of RAS in commercial production. 
 Level of awareness of RAS at government level. 
 Availability of information regarding RAS. 
 Relevant companies, institutions, universities or other organizations that are 

practicing RAS. 
 Availability of fish fingerlings and fish feed. 
 Availability of veterinarians and fish health professionals. 

 
Hydroponic production 

 Level of awareness of hydroponics at university level. 
 Level of use of hydroponics in commercial production. 
 Level of awareness of hydroponics at government level. 
 Availability of information regarding hydroponics. 
 Relevant companies, institutions, universities or other organizations that are 

practicing hydroponics. 
 Availability of nutrient solutions and equipment. 
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Questionnaire  

 

TECHNICAL TRAINING WORKSHOP ON ADVANCING AQUAPONICS 
  

DEMONSTRATION AQUAPONIC UNIT QUESTIONNAIRE 

Please imagine that you will be building a demonstration aquaponic system upon your 
return to your home country. Choose an actual location (university, department of 
fisheries, aquaculture training centre, etc.) that would be convenient for training 
industry professionals and students, and answer the following questions. These answers 
will be used during the workshop to develop a technical design and business plan based 
on the local species, conditions and constraints. 

Category Question Answer Unit 

Location 

Nearest city, name of country  -- 

Land tenure (taxes, rent - if any)  $/year 

Is the land level and ready for 
building 

 
-- 

Distance to nearest urban area 
with > 50 000 people 

 
km 

Climate 

Average air temperature in 
summer 

 
°C 

Average air temperature in winter  °C 

Average humidity in summer  % 

Average humidity in winter  % 

Elevation from sea level  metres 

Total rainfall per year  mm 

Number of days with rain per year  days 

Water 

Access to irrigation quality water 
on site? (circle answer) 

Yes   /   No -- 

What is source of water at location? 
(rain-fed, well, municipal) 

 
n/a 

pH of the water?  -- 

Cost of water per cubic metre?  USD/m3 

Electricity 

Access to electricity at site?  
(circle answer) 

Yes   /   No -- 

Cost of electricity per 
kilowatt*hour? 

 
USD/kWh 

Number of hours of electricity at 
site? 

 
hours 
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Category Question Answer Unit 

Aquaculture 

Are there any freshwater 
aquaculture farms near the site? 

Yes   /   No -- 

Local freshwater aquaculture 
species (list at least 3), especially 
the ones you want to grow? 

1. -- 

2. -- 

3. -- 

Farm-gate/market sale price of 
each species? (provide both if 
available) 

1. USD/kg 

2. USD/kg 

3. USD/kg 

Cost of fingerlings of each species? 
Indicate unit price and species 
name 

1. USD/fish 

2. USD/fish 

3. USD/fish 

Cost of fish feed per kilo? 
 

USD/kg 

Horticulture 

Access to seeds? Yes   /   No -- 

Access to hydroponic nutrients? Yes   /   No -- 

Local and popular vegetables (list 
at least 3), especially the ones you 
want to grow? 

1. -- 

2. -- 

3. -- 

Farm-gate/market sale price of 
each vegetable? (provide both if 
available) 

1. USD/kg 

2. USD/kg 

3. USD/kg 

Is there a market for certified 
organic produce? 

Yes   /   No -- 

Supplies and 
equipment 

Access to PVC pipe, connectors, 
and fittings? 

Yes   /   No -- 

Access to water pumps? Yes   /   No -- 

Access to air pumps, airstones? Yes   /   No -- 

Access to greenhouse supplies? 
(shade-cloth, nursery trays, potting 
mix, etc.)  

Yes   /   No -- 

Access to fish tanks Yes   /   No -- 

Labour 
Average hourly or daily (please 
specify) wage for labourer 

 USD/hr 

Additional 
notes 
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APPENDIX 7 

Participant satisfaction survey 

 
A workshop satisfaction form was circulated on the last day of the workshop that was designed 
to quantify how well the expectations of the participants were met. The form and analysis are 
included herewith.  
 

Satisfaction form  

 

 
 
 
 

Participant name (optional): ................................................... Country: .................................... 
 

 

Instructions: 
Please circle your response to the items below. Rate aspects of the workshop on a 1–5 scale:  
 

1 = “Strongly disagree” or the lowest, most negative impression 
3 = “Neither agree nor disagree” or an adequate impression 
5 = “Strongly agree” or the highest, most positive impression 

 
Your feedback is most appreciated. Thank you.  

 
 

Circle your response to each item 
1 = strongly disagree | 2 = disagree | 3 = neither agree nor disagree | 4 = agree | 5 = strongly agree 

 
Workshop content 

1. I was well informed about the objectives of this workshop 1        2         3         4         5   

2. This workshop lived up to my expectations 1        2         3         4         5   

3. The content is relevant to my job 1        2         3         4         5   

Workshop design 

4. The workshop objectives were clear to me 1        2         3         4         5   

5. The workshop activities stimulated my learning 1        2         3         4         5   

6. The activities gave me sufficient practice and feedback 1        2         3         4         5   

7. The difficulty level was appropriate 1        2         3         4         5   

8. The pace was appropriate 1        2         3         4         5   

Workshop instructors (facilitators) 

9. The instructors were well prepared 1        2         3         4         5   

10. The instructors were helpful 1        2         3         4         5   

Workshop results 

11. I accomplished the objectives of this workshop 1        2         3         4         5   

12. I will be able to use what I learned in this workshop 1        2         3         4         5   

WORKSHOP EVALUATION QUESTIONNAIRE 
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13. The workshop was a good way for me to learn this content 1        2         3         4         5   

14. How would you improve this workshop (check all that apply) 

  Provide better information before the workshop 
  Clarify the workshop objectives 
  Reduce the content covered in the workshop 
  Increase the content covered in the workshop 
  Include more practical / hands-on activities 
  Include less practical / hands-on activities 
  Make activities more stimulating 
  Improve workshop organization 
  Make workshop less difficult 
  Make workshop more difficult 
  Slow down the pace of the workshop 
  Speed up the pace of the workshop 

 

15. What other improvements would you recommend in this workshop? 

 
................................................................................................................................................... 
 
................................................................................................................................................... 
 
................................................................................................................................................... 
 
 

16. What is least valuable about this workshop?  

 
................................................................................................................................................... 
 
................................................................................................................................................... 
 
................................................................................................................................................... 
 
 

17. What is most valuable about this workshop? 

 
................................................................................................................................................... 
 
................................................................................................................................................... 
 
................................................................................................................................................... 
 
 
18. Any other comments, concerns and follow-up recommendations 
 
................................................................................................................................................... 
 
................................................................................................................................................... 
 
................................................................................................................................................... 
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Participant satisfaction survey – Satisfaction analysis 

The data from the satisfaction form were tallied and are presented in the following table:  

  
Average 

n=16 
Standard 
deviation 

Workshop content    

1.      I was well informed about the objectives of this workshop 4.58 0.51 

2.      This workshop lived up to my expectations 4.58 0.51 

3.      The content is relevant to my job 4.58 0.51 

Workshop design    
4.      The workshop objectives were clear to me 4.37 0.50 

5.      The workshop activities stimulated my learning 4.67 0.49 

6.      The activities gave me sufficient practice and feedback 4.21 0.63 

7.      The difficulty level was appropriate 3.95 0.71 

8.      The pace was appropriate 4.06 0.94 

Workshop instructors (facilitators)    
9.      The instructors were well prepared 4.67 0.59 

10.    The instructors were helpful 4.83 0.38 

Workshop results    
11.    I accomplished the objectives of this workshop 4.56 0.51 

12.    I will be able to use what I learned in this workshop 4.42 0.61 

13.    The workshop was a good way for me to learn this content 4.58 0.61 

14.  How would you improve this workshop (check all that apply) COUNT of responses 

�       Provide better information before the workshop 11 

�       Clarify the workshop objectives 6 

�       Reduce the content covered in the workshop 1 

�       Increase the content covered in the workshop 7 

�       Include more practical / hands-on activities 16 

�       Include less practical / hands-on activities 0 

�       Make activities more stimulating 11 

�       Improve workshop organization 7 

�       Make workshop less difficult 7 

�       Make workshop more difficult 2 

�       Slow down the pace of the workshop 6 

�       Speed up the pace of the workshop 1 
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APPENDIX 8 

Knowledge, attitudes and practices (KAP) 

Form and analysis 

 
 
An informal capacity analysis was done with the participants on the first and last day of the 
course. The objective was to understand the targeting of the invitations, the impact of the course 
and the opportunities for future endeavours. The two forms are almost identical, with a small 
difference about institutional arrangements in regards to aquaponics. The two forms are 
presented below, followed by a numerical analysis and discussion. 

 

KAP form (before) 

Participant name (optional): .................................................. Country: ....................................... 

 

Instructions: 
Please circle your response to the items below. Rate your current level of current level of 
understanding and/or comfort on a 1–5 scale:  

1 = “Strongly disagree” or the lowest, most negative impression 
3 = “Neither agree nor disagree” or an adequate impression 
5 = “Strongly agree” or the highest, most positive impression 

Your feedback is most appreciated. Thank you.  

 

Circle your response to each item 

1 = strongly disagree | 2 = disagree | 3 = neither agree nor disagree | 4 = agree | 5 = strongly agree 

Aquaculture 

1. I understand and can explain freshwater fish production 
(breeding, on‐growing, harvest)  

1     2      3     4     5 

2. I understand and can explain key aspects of fish feeding (feed 
conversion ratio, growth rate, feed selection) 

1     2      3     4     5 

3. I understand and can identify water parameters required for 
good fish production (pH, T, DO, TAN, NO2, NO3, KH) 

1     2      3     4     5 

4. I understand the importance of mechanical filtration and can 
describe different types of filters 

1     2      3     4     5 

5. I understand and can explain the importance of biological 
filtration and the nitrogen cycle 

1     2      3     4     5 

6. I am comfortable designing a Recirculating Aquaculture System 
(less than 20 000 litres) 

1     2      3     4     5 

7. I am comfortable recognizing and treating common fish diseases 1     2      3     4     5 
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Agriculture 

8. I understand and can explain the basic anatomy of a plant 1     2      3     4     5  

9. I understand and explain the nutrient requirements of plants 1     2      3     4     5  

10. I understand and can explain and major aspects of Integrated 
Pest Management  

1     2      3     4     5 

11. I am comfortable identifying nutrient deficiencies in plants 1     2      3     4     5 

12. I am comfortable identifying insect pests on plants 1     2      3     4     5  
13. I am comfortable propagating seedlings, transplanting, 

harvesting, storing agricultural crops 
1     2      3     4     5  

14. I understand the importance of market analysis for commercial 
agriculture 

1     2      3     4     5  

15. I am comfortable adjusting the pH of water using acids/bases 1     2      3     4     5  

Aquaponics 

16. I understand and can explain the theoretical balance between 
the number of fish and the number of plants in an aquaponic 
system 

1     2      3     4     5 

17. I understand and can explain the critical components of an 
aquaponic system (fish tank, sump, water pump, etc.) 

1     2      3     4     5 

18. I am comfortable performing water quality analysis 1     2      3     4     5 

19. I understand and can explain the key opportunities of 
aquaponics for sustainable food production 

1     2      3     4     5 

20. I understand and can explain the key constraints/challenges of 
aquaponics 

1     2      3     4     5 

21. I currently use aquaponics while preforming my professional 
duties 

1     2      3     4     5 

22. I currently use aquaponics in my private/personal garden 1     2      3     4     5 

Training and capacity development 

23. I understand the importance of trained human resources 
specializing in aquaponics 

1     2      3     4     5  

24. I am comfortable teaching aquaponics to farmers, students and 
entrepreneurs 

1     2      3     4     5  

Advocacy 

25. I believe that aquaponics deserves increased investment from 
the government 

1     2      3     4     5 

26. I believe that aquaponics should be taught in universities and 
schools 

1     2      3     4     5 

27. I believe that more research is needed in aquaponics 1     2      3     4     5 
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28. I believe that a regional network of experts and practitioners 
would support aquaponic development 

1     2      3     4     5 

 

KAP form (after) 

Participant name (optional): .................................................. Country: ……………................... 

 

Instructions: 
Please circle your response to the items below. Rate your current level of current level of 
understanding and/or comfort on a 1–5 scale:  

1 = “Strongly disagree” or the lowest, most negative impression 
3 = “Neither agree nor disagree” or an adequate impression 
5 = “Strongly agree” or the highest, most positive impression 

Your feedback is most appreciated. Thank you.  

 

Circle your response to each item 

1 = strongly disagree | 2 = disagree | 3 = neither agree nor disagree | 4 = agree | 5 = strongly agree 

Aquaculture 

1. I understand and can explain freshwater fish production 
(breeding, on‐growing, harvest)  

1     2      3     4     5 

2. I understand and can explain key aspects of fish feeding (feed 
conversion ratio, growth rate, feed selection) 

1     2      3     4     5 

3. I understand and can identify water parameters required for 
good fish production (pH, T, DO, TAN, NO2, NO3, KH) 

1     2      3     4     5 

4. I understand the importance of mechanical filtration and can 
describe different types of filters 

1     2      3     4     5 

5. I understand and can explain the importance of biological 
filtration and the nitrogen cycle 

1     2      3     4     5 

6. I am comfortable designing a Recirculating Aquaculture System 
(less than 20 000 litres) 

1     2      3     4     5 

7. I am comfortable recognizing and treating common fish diseases 1     2      3     4     5 

Agriculture 

8. I understand and can explain the basic anatomy of a plant 1     2      3     4     5 

9. I understand and explain the nutrient requirements of plants 1     2      3     4     5 

10. I understand and can explain and major aspects of Integrated 
Pest Management  

1     2      3     4     5 

11. I am comfortable identifying nutrient deficiencies in plants 1     2      3     4     5 

12. I am comfortable identifying insect pests on plants 1     2      3     4     5 
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13. I am comfortable propagating seedlings, transplanting, 
harvesting, storing agricultural crops 

1     2      3     4     5 

14. I understand the importance of market analysis for commercial 
agriculture 

1     2      3     4     5 

15. I am comfortable adjusting the pH of water using acids/bases 1     2      3     4     5 

Aquaponics 

16. I understand and can explain the theoretical balance between 
the number of fish and the number of plants in an aquaponic 
system 

1     2      3     4     5 

17. I understand and can explain the critical components of an 
aquaponic system (fish tank, sump, water pump, etc.) 

1     2      3     4     5 

18. I am comfortable performing water quality analysis 1     2      3     4     5 

19. I understand and can explain the key opportunities of 
aquaponics for sustainable food production 

1     2      3     4     5 

20. I understand and can explain the key constraints/challenges of 
aquaponics 

1     2      3     4     5 

Training and capacity development 

21. I understand the importance of trained human resources 
specializing in aquaponics 

1     2      3     4     5 

22. I am comfortable teaching aquaponics to farmers, students and 
entrepreneurs 

1     2      3     4     5 

Advocacy 

23. I believe that aquaponics deserves increased investment from 
the government 

1     2      3     4     5 

24. I believe that aquaponics should be taught in universities and 
schools 

1     2      3     4     5 

25. I believe that more research is needed in aquaponics 1     2      3     4     5 

26. I believe that a regional network of experts and practitioners 
would support aquaponic development 

1     2      3     4     5 

Institutional arrangement 

27. Aquaponic extension (research and farmer training) would be 
covered by my current job description 

1     2      3     4     5 

28. Aquaponic extension (research and farmer training) would be 
covered by my organizations mandate 

1     2      3     4     5 
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KAP analysis 

 

  
  

Before After 

Avg SD Avg SD 

Aquaculture        

1. I understand and can explain freshwater fish production 
(breeding, ongrowing, harvest)  

3.94 0.77 4.83 0.38 

2. I understand and can explain key aspects of fish feeding 
(feed conversion ratio, growth rate, feed selection) 

3.63 1.02 4.72 0.46 

3. I understand and can identify water parameters required for 
good fish production (pH, T, DO, TAN, NO2, NO3, KH) 

3.31 0.95 4.50 0.62 

4.     I understand the importance of mechanical filtration and can 
describe different types of filters 

3.13 0.62 4.22 1.06 

5.    I understand and can explain the importance of biological 
filtration and the nitrogen cycle 

3.31 0.60 4.44 0.62 

6.    I am comfortable designing a Recirculating Aquaculture 
System (less than 20 000 litres) 

2.87 0.92 4.06 0.80 

7.    I am comfortable recognizing and treating common fish 
diseases 

2.80 1.01 3.72 0.75 

Agriculture        

8.      I understand and can explain the basic anatomy of a plant 3.13 0.83 4.28 0.67 

9.      I understand and explain the nutrient requirements of plants 3.27 0.70 4.06 0.75 

10. I understand and can explain and major aspects of 
Integrated Pest Management  

2.87 0.92 3.67 0.84 

11. I am comfortable identifying nutrient deficiencies in plants 2.87 0.92 3.94 0.73 

12.   I am comfortable identifying insect pests on plants 2.93 0.88 3.89 0.68 

13.   I am comfortable propagating seedlings, transplanting, 
harvesting, storing agricultural crops 

3.20 0.68 4.17 0.79 

14.  I understand the importance of market analysis for 
commercial agriculture 

3.85 0.99 4.53 0.51 

15.  I am comfortable adjusting the pH of water using acids/bases 3.62 0.51 4.18 0.64 

Aquaponics        

16. I understand and can explain the theoretical balance 
between the number of fish and the number of plants in an 
aquaponic system 

2.69 0.95 4.35 0.70 

17. I understand and can explain the critical components of an 
aquaponic system (fish tank, sump, water pump, etc.) 

3.15 0.99 4.47 0.62 

18. I am comfortable performing water quality analysis 3.08 0.86 4.29 0.69 

19. I understand and can explain the key opportunities of 
aquaponics for sustainable food production 

3.54 0.78 4.59 0.62 

20. I understand and can explain the key constraints/challenges 
of aquaponics 

3.54 0.66 4.35 0.70 

21. I currently use aquaponics while preforming my 
professional duties 

3.00 1.15    

22. I currently use aquaponics in my private/personal garden 2.46 1.33    
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Training and capacity development        

23. I understand the importance of trained human resources 
specializing in aquaponics 

4.23 0.83 4.71 0.47 

24. I am comfortable teaching aquaponics to farmers, students 
and entrepreneurs 

3.38 0.96 4.24 0.66 

Advocacy        

25. I believe that aquaponics deserves increased investment 
from the government 

4.38 0.65 4.53 0.62 

26. I believe that aquaponics should be taught in universities 
and schools 

4.54 0.52 4.53 0.62 

27. I believe that more research is needed in aquaponics 4.54 0.52 4.65 0.49 

28. I believe that a regional network of experts and practitioners 
would support aquaponic development 

4.69 0.48 4.65 0.49 

Organizational        

29. Aquaponic extension (research and farmer training) would be 
covered by my current job description 

    4.47 0.62 

30. Aquaponic extension (research and farmer training) would be 
covered by my organizations mandate 

    4.47 0.72 

 

KAP discussion 

In every single question the participants improved based on this self-assessment. Overall, this 
further emphasises the success of the workshop, but there are interesting trends in these data, 
including the targeting, the skills gaps and the future directions.  

The targeting of this workshop was very well done, and indeed most participants considered 
that extension of aquaponics would fall within their current job description and within the 
mandate of their organization. Several of the participants were currently using aquaponics in 
their private or professional capacity and therefore clearly benefited from this training. Also, 
the group’s initial knowledge was diverse across the categories showing that, as a whole, 
participants understood aquaculture, horticulture and aquaponics. The participants showed the 
greatest improvement in the category of aquaponics.  

This self-examination helped to quantify the impact of this workshop. These questions were 
designed as indicators of the major learning objectives of the course. Further, the survey 
provided an opportunity for the participants to think critically about their current state of KAP 
regarding aquaponics while discussing and brainstorming ways to improve.  
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APPENDIX 9 

Calculator (explanation and screenshots) 

 
 

Purpose and introduction 

FAO is developing a spreadsheet model of aquaponic systems. The two purposes are to 
1) reinforce theoretical lessons of an aquaponic course, and 2) estimate cash-flow, running 
costs and production volume in a model aquaponic farm. As a teaching tool, this calculator 
reviews the key equations and calculations that are required to design an aquaponic farm. The 
user can follow through the built-in logic inside the model to understand how the production is 
calculated. This offers an opportunity for the practical use of the core concepts taught in the 
workshops, and moves the participant from a classroom setting into actually planning a model 
farm. 

Secondly, by estimating cash flow in a simple way the participant sees a demonstration of the 
importance of adequate market research, proper targeting of aquaponic interventions and niche 
marketing. It is important to note that this calculator is in no way intended to replace full 
business plan development or the work of professional consultants and builders. Instead, it is 
intended to show why proper planning is essential to a successful intervention. The calculator 
is currently (January 2016) in beta development and is being released for testing to verify the 
calculations and add missing components. As of writing the calculator does not calculate capital 
expenditure nor return on investment.  

 

 

Description of components 

First, the user inputs variables that include: the growing area, the crop choices, the cost of water, 
cost of electricity and sale prices of fish and vegetables. These input parameters can be 
developed through online research, farm visits or expert opinion.  

Second, the user examines the “assumptions” which are prefilled for the user. These 
assumptions are the technical parameters of the aquaponic system, including: feed conversion 
ratio, feed rate ratio, feeding rate, stocking density, water turnover rates, displacement and 
electrical efficiency. The assumptions can be easily changed by the user, which is encouraged 
based on local experience or feedback from demonstration/pilot units. The prefilled values are 
based on literature research, expert consultation and experience.  
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Each time one of the input parameters or assumptions is changed, the output also changes. The 
output is a grouped set of response variables. The high level groupings are “Revenue”, “Cost” 
and “Profit” in order to underscore the importance of financial planning. These two high level 
groupings can be expanded to provide itemized cash flow as well as design parameters. 

The revenue is divided into volume and sales prices of the fish and two crops. 

The costs are broken into the costs of feed, water, electricity, fingerlings, labour and running 
costs. 

Within the feed group the daily and monthly weight of feed is also calculated. 

Within the water group the sizes of each tank, including the fish tank, sump, filters and grow 
beds is calculated. 

Within the electricity group the energy consumption of the water and air pumps is calculated, 
as well as the required flow rates. 

Overall the breakdown of the costs demonstrates their relative importance. The calculations of 
component sizing is designed to lead to an accurate understanding of the total system size, and 
helps the participant to cost and source the correct materials.  
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Calculations 

The following section walks through the mathematical logic embedded within the spreadsheet. 

Steps (costs):  

Feed weight and fish biomass 

1. Grow area × Feed Rate Ratio = Daily feed 
2. Daily feed × 30 × Feed unit cost = Feed costs (month) 
3. Daily feed ÷ Feeding rate = Biomass of fish (instantaneous average) *unit conversion 
4. Biomass of fish (average) × Stocking swing = Biomass of fish (max) 
5. Biomass of fish (max) ÷ Stocking density = Water volume (fish tank) 

Water volume, water usage, water weight, fish tank sizing, filter sizing 

6. Water volume (fish tank) × Filter percentage = Water volume (filter) 
7. Water volume (fish tank) × Sump percentage = Water volume (filter) 
8. Water volume (fish tank) × Grow bed volume × media displacement = Water volume 

(grow bed) 
9. ∑Water volume (fish tank, filter, sump, grow bed) = Water volume total 
10. Water volume total × Water usage percent = Water usage *unit/time conversion 
11. Water usage × Water unit cost = Water cost (month) 
12. Water volume total => Water weight tonnes *unit conversion 

Energy consumption (air and water only), pump size 

13. ∑Water volume (fish tank, filter, sump) × Water turnover fish = Water flow rate (fish) 
14. Water volume (grow bed) × Water turnover plants = Water flow rate (plants) 
15. ∑Water flow rate (fish, plants) × Water pump efficiency = Energy demand (water 

pump) 
16. Daily feed = Oxygen demand by day  
17. Oxygen demand by hour × Air stone efficiency = number of air stones (sea level) *unit 

conversion 
18. Number of air stones (sea level) * [1 +(Farm elevation × 0.0133333)] = Number air 

stones (farm) 
19. Number of air stones (farm) × 9.9 = Air volume delivered at depth 
20. Air volume delivered at depth × 1.33 = Air volume at pump outlet 
21. Air volume at pump outlet × Air pump efficiency = Energy demand (air pump) 
22. ∑Energy demand (water pump, air pump) × unit cost electricity = Electricity cost 

(month) 

Fish costs 

23.  Feed usage × Feed conversion ratio = Fish production (kilo) 
24.  Fish production (kilo) ÷ Fish harvest weight = Fish production (#) 
25.  Fish production (#) × Fish fry cost = Fish costs 

Labour costs 

26. Grow area × labour time = labour burden *unit conversion 
27. Labour burden (hours) x labour cost (per hour) = Labour cost 

Fixed costs (Insurance, depreciation, tenure 

28. *Carried down from input variables 
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Steps (revenue):  

Vegetable crop, production and revenue 

1. Grow area × Crop production per area = Crop 1 production 
2. Crop 1 production × Crop unit price = Crop 1 revenue 
3. *repeat for Crop 2 

Fish production and revenue 

4. Feed usage × Feed conversion ratio = Fish production (kg) 
5. Fish production (kg) × Fish sale price = Fish revenue 
6. Fish production (kg) ÷ Fish harvest weight = Fish production (#) 

 

Limitations 

The calculator is limited in three ways, one significant and two manageable with further 
development. The most significant limitation is the balance between flexibility and 
prescriptiveness. In order to calculate accurately, the model must dictate a certain set of design 
choices. For example, two crops are grown in either media bed or deep water culture, a filter 
and a sump are used, and all calculations are done monthly. This was identified as an issue of 
concern because it could not accurately reflect the culture of batch harvesting nor the bumina-
method of aquaponics. Increased flexibility of the model can be contained with more back-
end/hidden coding, but would make its use more complicated. At the same time, there is an 
argument for a more prescriptive approach that indicates the exact design criteria. Once the user 
has entered the input parameters the model would provide an actual line-drawing and estimate 
costs of construction. This will be useful for investors to calculate return on investment and for 
farmers looking for exact design blueprints. However, it will be impossible to capture all 
possible permutations of an aquaponic farm and will limit the adaptability and creativity. 
Moreover, choosing the design based on location specific materials and limitations is the most 
important step in the planning process which means that the calculator is already presupposing. 
In this regards it is proposed that the main calculator should remain flexible, and an associated 
secondary tool could provide capital expenditure on the most common and recommended 
systems, based on a modular greenhouse system using standard and tested technologies.  

The second problem is technical and manageable. The set of variables called “assumptions” 
change for every farm, in every location. Currently these assumptions are averages based on 
literature research, expert opinion and experience. However, they are biased based on where 
the research was done, typically in Australia, Europe and the United States of America (USA). 
Therefore, regionally specific parameters will need to be calculated, and pilot projects will need 
to ground-truth and verify those assumptions. In addition, more expert consultation will be 
needed. The model will need to be tested against existing farms to verify how well it predicts 
observed production and consumption values.  

The third problem is related, but deserved special attention. The labour costs calculation can 
cause bias within the system based on the high leverage of the variable. The labour, in reality, 
needs to be calculated very carefully to include marketing, human resources, distribution and 
ancillary tasks. As the farm grows, so will the need for these additional resources. At the same 
time, as the farm grows so do the opportunities for automation in the seeding, transplanting, 
harvesting and packaging and thus the labourers decrease. No study has ever quantified the 
labour burden of an aquaponic farm based on the size, and therefore it is difficult to make a 
scalable variable. In this regards this labour parameter will need dedicated attention during any 
pilot studies and should be the focus of further research. 
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APPENDIX 10 

Group photograph 

 

 
 
Group photo of the Workshop on Advancing Aquaponics held in Bogor, Indonesia, 23–26 
November 2015.  
 
Standing (left to right): Edoardo PANTANELLA (FAO), Agung (MMAF, Indonesia), Ata 
BINOKA (Kiribati), Eri SETIADI (MMAF, Indonesia), Seru Boginaivalu BATIBASAGA 
(Fiji), Mahanani PURBANDINI (Indonesia), Nilla KUSUMAWATI (Indonesia), Ulusapeti 
TIITII (Samoa), Laura PASCULLI HENAO (Colombia), Carlos José BACON DOWNS 
(Nicaragua), Anang Hari KRISTANTO (MMAF, Indonesia), Tim PICKERING (SPC, New 
Caledonia), Rosmilah (Indonesia), Guilherme Teotonio GOMES (East Timor), Elis 
RISYANI (Indonesia), Sammy MACARIA (Kenya), M.H. FARIDUDDIN (MMAF, 
Indonesia), Clyde JAMES (Marshall Islands), Zaw Minn NAUNG (Myanmar), Sutrisno 
(Indonesia),  Mochamad NURDIN (Indonesia), Taufiq TADIF (MMAF, Indonesia).  
 
Seated (left to right): Jackson NDUESO (Nigeria), Alessandro LOVATELLI (FAO, Rome), 
Achmad POERNOMO (MMAF, Indonesia), Antonio CARAVAGGIO (FAO, Indonesia), 
Austin STANKUS (FAO, Rome). 
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APPENDIX 11 

Selected photographs of the workshop 

   

Dr Yudi Sastro of the Ministry of Agriculture posing 
next to a vertical aquaponic design that was presented 
during the plant health and management session of the 
workshop. 

Mr Soleh Zakaria, a local farmer, who presented a video 
tour of facilities of the aquaponic farming cooperative 
and answered participant questions. 

   

Participants listen to the opening remarks of Dr Achmad 
Poernomo, Advisor to the Ministry of Marine Affairs 
and Fisheries, as he discussed the opportunities of 
aquaponics to address global challenges of food security 
and nutrition and the role of Indonesia through South-
South Cooperation. 

Representatives of the Ministry of Marine Affairs and 
Fisheries and FAO answer questions during a press 
interview during a break in the workshop. 

   

Participant Carlos Bacon presenting a report on the 
status of aquaponics, hydroponics and recirculating 
aquaculture in Nicaragua, which highlighted the 
opportunities for cooperatives of aquaponic farmers in 
the country. 

Pak Eri Setiadi presenting the advantages of a version of 
bumina while participants listen in the front rows. 
Resource persons and support staff can be seen in the 
rear tables, provided in-kind by the Ministry. 



56 

 

©
F

A
O

/M
M

A
F

 
©

F
A

O
/M

M
A

F
 

©
F

A
O

/M
M

A
F

 

©
F

A
O

/M
M

A
F

 
©

F
A

O
/M

M
A

F
 

©
F

A
O

/M
M

A
F

 

   

Provincial extension agents from Indonesia attended the 
workshop along with the international participants, seen 
here with resource persons and facilitators of the 
Ministry of Marine Affairs and Fisheries during a group 
dinner. 

Group photograph during the field and practical session 
of the workshop at the Cibalagung Training Centre for 
Freshwater Aquaculture. 

  

Artistic view, shot by the professional photographer that 
documented the full course, showing detail of the design 
of bumina systems at the Ministry training centre. 

Participants discussing plant propagation and seedling 
health with resource persons from both the Ministry of 
Agriculture and Ministry of Marine Affairs and 
Fisheries. 

  

Ms Dewi Puspaningsih of the Institute for Freshwater 
Aquaculture Research and Development in Bogor 
presenting nitrogen testing techniques to participants 
during the practical session on water quality. 

Members of four Small Island Developing States 
attended the workshop, as well as a freshwater 
aquaculture officer of the Secretariat of the Pacific 
Community, which encouraged discussion on the 
particular challenges and opportunities of aquaponics on 
islands nations. 
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A practical session at the SEAMEO-BIOTROP regional 
research and training centre where experts demonstrated 
hydroponic lettuce techniques in a greenhouse. 

Financial analysis and practical systems were designed 
during a classroom based group work session where 
participants designed and calculated revenue and costs 
of a theoretical system based on real market data 
provided during the country reports. 
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APPENDIX 12 

FAO aquaponics manual 

 

Somerville, C., Cohen, M., Pantanella, E., 
Stankus, A. & Lovatelli, A. 2014. 
 

Small-scale aquaponic food production. 
Integrated fish and plant farming.  

FAO Fisheries and Aquaculture Technical 
Paper No. 589. Rome, FAO. 262 pp. 

Aquaponics is a symbiotic integration of two 
mature disciplines: aquaculture and 
hydroponics. This technical paper discusses 
the three groups of living organisms 
(bacteria, plants and fish) that make up the 
aquaponic ecosystem. It presents 
management strategies and troubleshooting 
practices, as well as related topics, 
specifically highlighting the advantages and 
disadvantages of this method of food 
production. This publication discusses the 
main theoretical concepts of aquaponics, 
including the nitrogen cycle, the role of 
bacteria, and the concept of balancing an 
aquaponic unit. It considers water quality, 
testing and sourcing for aquaponics, as well 
as methods and theories of unit design, 

including the three main methods of aquaponic systems: media beds, nutrient film technique, 
and deep water culture. The publication includes other key topics: ideal conditions for common 
plants grown in aquaponics; chemical and biological controls of common pests and diseases 
including a compatible planting guide; common fish diseases and related symptoms, causes and 
remedies; tools to calculate the ammonia produced and biofiltration media required for a certain 
amount of fish feed; production of homemade fish food; guidelines and considerations for to 
establishing aquaponic units; a cost-benefit analysis of a small-scale, media bed aquaponic unit; 
a comprehensive guide to building small-scale versions of each of the three aquaponic methods; 
and a brief summary of this publication designed as a supplemental handout for outreach, 
extension and education. Aquaponics is an integrated approach to efficient and sustainable 
intensification of agriculture that meets the needs of water scarcity initiatives. Globally, 
improved agricultural practices are needed to alleviate rural poverty and enhance food security. 
Aquaponics is residue-free, and avoids the use of chemical fertilizers and pesticides. 
Aquaponics is a labour-saving technique, and can be inclusive of many gender and age 
categories. In the face of population growth, climate change and dwindling supplies of water 
and arable land worldwide, developing efficient and integrated agriculture techniques will 
support economic development. 
 
The manual can be downloaded from the following web link (English version): 
http://www.fao.org/3/a-i4021e/index.html 

The manual can be downloaded from the following web link (Arabic version):  
http://www.fao.org/3/a-i4021a/index.html 
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APPENDIX 13 

Selected press releases and news clips 

 

Hadi, Puspito. (24 November 2015). Budidaya Akuaponik Solusi Atasi Krisis Pangan. 
Media Malang.  

Retrieved from: http://mediamalang.com/budidaya-akuaponik-solusi-atasi-krisis-pangan/  

This online article, in Bahasa Indonesian, briefly discusses the technology of Bumina/Yumina, 
presents the goals of the workshop, and quotes Dr Achmad Poernomo (MMAF) and Alessandro 
Lovatelli (FAO) on their views on how aquaponics can contribute to food security and 
sustainable livelihood development in Indonesia and around the world.  
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Editor. (15 December 2015) Aplikasi Yumina dan Bumina di Lahan Terbatas. Akuamina. 
Edition 121, Volume VI. 

This magazine article is the result of an interview with Alessandro Lovatelli, FAO Aquaculture 
Officer, Dr Achmad Poernomo, Advisor to the Ministry of Marine Affairs and Fisheries and 
Dr Anang Hari Krisanto, Director of Institute for Freshwater Aquaculture Research and 
Development. The interview discusses the technology in detail, highlighting the opportunities 
for aquaponics to address food security and nutrition challenges in Indonesia and around the 
world. The strong partnership between FAO and the Ministry of Marine Affairs and Fisheries 
is noted, and the opportunities for future collaborations are addressed. 
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F.S. Rusydi. (December 2015) Yumina Bumina Dukung Kedaulatan Pagan. Majalah Sains 
Indonesia. Vol. 48.  

This article refers to the remarks of Dr Poernomo and Antonio Caravaggio, noting that climate 
and weather phenomena including El Niño as environmental stressors that compound the 
existing challenges of food security. Real action is needed to address the food crisis, and 
breakthrough food production technology needs to be implemented by communities. 
Aquaponics is one of these technologies that has been used successfully in Indonesia, and can 
be shared more widely.  

 

 

 

 

 



This publication is the report of the FAO technical training workshop on advancing aquaponics 

held in Bogor, Indonesia, on 23–26 November 2015. Eleven international participants were 

present from ten countries (Colombia, Fiji, Ghana, Kenya, Kiribati, the Marshall Islands, 

Nicaragua, Nigeria, Samoa and Timor-Leste) and one regional scientific and technical 

organization (Secretariat of the Pacific Community). The report summarizes the knowledge and 

provides guidance on the process of advancing aquaponic development. It contains a 

comprehensive record of the workshop proceedings. The four-day workshop consisted of 

lectures, demonstrations and hands-on activities, supported by aquaponics experts from the 

Indonesian Ministry of Marine Affairs and Fisheries and Ministry of Agriculture and by FAO 

technical officers and aquaponics consultants. Recommendations were gathered based on 

participant feedback and included: (i) education, training and communication; (ii) research and 

development; (iii) socio-economic and feasibility studies; (iv) regional and international 

cooperation; and (v) capacity development of an enabling environment at the national level. The 

FAO Regional Blue Growth Initiative for Asia and the Pacific, the South–South Cooperation and 

Resource Mobilization Division, and the Major Area of Work on Efficient Resource Use under 

FAO’s revised Strategic Framework supported the implementation of this activity. 
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