
A STUDY ON ENERGY (THERMAL) EFFICIENT 
AQUACULTURE BUILDINGS FOR RECIRCULATING TANK 

SYSTEM 

RESEARCH MANAGEMENT INSTITUTE (RMI) 
UNIVERSITI TEKNOLOGI MARA 
40450 SHAH ALAM, SELANGOR 

MALAYSIA 

BY: 
SABARINAH SH AHMAD 

MOHD SALLEH KAMARUDDIN 
ELIAS SALLEH 

JULY 2011 

i 



Contents 

1. Letter of Report Submission iii 

2. Letter of Offer (Research Grant) iv 

3. Acknowledgements v 

4. Enhanced Research Title and Objectives vi 

5. Report 1 

5.1 Proposed Executive Summary 1 

5.2 Enhanced Executive Summary 2 

5.3 Introduction 3 

5.4 Brief Literature Review 4 

5.5 Methodology 6 

5.6 Results and Discussion 8 

5.7 Conclusion and Recommendation 10 

5.8 References/Bibliography 11 

6. Research Outcomes 13 

7. Appendix 14 

ii 



2. Letter of Offer (Research Grant) 

Sural Kami 
Tarifcih 

lOOIRDC'E-Sciwioil 
20 November 2006 

UNI\ ERSITl TEKMOLOQ MARA 

Of Safcwinah Shaikh Ahmad 
Peroyarah 
Fakuiti Serwfcwa, Peranrcangara dan Ukut 
UnrversWi Tekratopi MARA 
SHAH ALAM 

Puan 

KELULUSAN PERUNTUKAN 8AGI MEMBIAYAI PROJEK-PROJEK SCIENCEFUND Di BAWAH 
R MK« 9 CYTJLE 1(2006 

Pengan hormatnya perfcara di alas adafati dirujuk 

Dimaklumkari Jawatar&uasa KeMusan MOST1 Itiaft mempertiinbangkan pernio^:'i m pu m unfuk 
membiaiyai projek pefiyeltadikan di bawah dan-a BdtactoFunri Cj < to I/20OS p JL\ I 20 • n rub«i 1 i 

Sukaata dimaklumkan bahawa pto^k penyeta.*.™ 
lertetoul Wataubagaimariapijn puan dtmmia uniuk m 
ofeti Jawatankuasa dalsmi bahagia* Catalan 

;njn dCjiusKan oleh Jriwalnnkuasa 
irttatoan alas utasan ^a*ig dib&nkari 

Puan juga dikjebendaki uniuk mengemukalcaa Research Agsewmmt (RA| alau tefwaffdiiffii of 
Unmntamting (MoU). yeng mana berkcnaan yang lelah dttaudaiangam kapada IRDC dalain 
tampoh 3 hari dan tarikh terima sural mi DtitaflNM RA / MoU baton dimuai taum dan tamiw web 
eScitnoeFund 

Pembtayaan kweiufuhan yang dilukiskan adaiah seperti benkut 

Kod Prow* !%u* 
•-'re** 

A Study On £nerg> 
(fkjirrfcaiji Etftaem 
AquacuHur etmddmips 
Fo€ Reorouiatng 
Tark System 

Sa&annaft 
Sh Ahmad 

24 

uruhan 

1.0a.3O6 

Caiasaw 

in view of she researcher 
having 2 projects approved 
under ihe Ssier̂ ceFund. he 
mm entura M t h i has. th& 
capacity to carry through 
twflh p*qec!s a.:cyd rg to 
p [an 

Sehutoungsn dangan i* 
mendapatkan peruntykar 
deragan cemerlsrHg 

eapkan tahmah kepada puan kerana beraya 
ittoya bafjdya mt*r; sc'^d^ c c ; * * pcryelidikan ini 

PES'* ^FEMBANGITNAND i AlVAAN DAN KFCTMT.K1 ANGAN 

1 • - * » , - * « 

IV 



5. Report 

5.1 Proposed Executive Summary 

(Original proposal - 300 words) - 1 page only 

Malaysia plans to increase in its annual aquaculture production to 662,000 tons by year 2015 

from the current 200,000 tons. Almost all of these culture systems release untreated effluents 

and wastes directly into the natural bodies especially coastal waters. This practice has 

resulted in many environmental problems. It has also affected the quality of culture water 

especially among the shrimp and marine fish (cage) farmers as the aquaculture effluents 

accumulated over the years deteriorate the quality of the surrounding waters which is the 

source of water input. An FAO study shows that upto 79% dietary N and 85% dietary P 

inputs in a fish cage culture system are lost into the surrounding waters. To sustain a healthy 

and environmental friendly aquaculture development in Malaysia, intensive recirculating tank 

systems have to be used. These systems are expected to become increasingly important 

especially in freshwater aquaculture where the industry has to compete for limited water 

resource with other agricultural activities, industrial and domestic users. The Ministry of 

Agriculture and Agro-based Industries (MoA) have started pilot projects in Kedah, Sarawak 

and Selangor. At present, all recirculating tank systems have to be housed in enclosed 

buildings. These buildings are designed for temperate and cold climates with its main 

concern to ward off cold temperature from entering the building while maintaining the inside 

warm temperature. Buildings designed for temperate and cold climates are not suitable for 

tropical environments and are thermally uncomfortable (and may become too hot if kept 

enclosed) for Malaysians. The proposed study is undertaken: a. to measure the 

environmental conditions of selected buildings that house recirculating tank Systems b. to 

develop suitable designs for aquaculture buildings for tropical environments. No such study 

has been done for the hot humid tropical climate and very few studies have been conducted 

on the designs of the aquaculture buildings for the temperate and cold conditions. 
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5.2 Enhanced Executive Summary 

In view of biosecurity issues and fry quality - new trend amongst Malaysian hatchery 

and recirculating aquaculture system owners opt to run their operation in enclosed buildings. 

The suitability of these enclosed buildings for the Malaysian tropical conditions has not been 

studied. Myth among hatchery operators: the hotter day indoor temperature, the better the 

night water temperature for larviculture. The aim of the project was to determine the energy 

and thermal efficiency of aquaculture buildings for recirculating tank system. There were five 

specific objectives as follows: 1. to determine the thermal condition of existing aquaculture 

building with recirculating tank system and its correlation with the water temperature for fish 

rearing inside the building; 2. to determine the energy usage pattern for controlling the inside 

environment of such aquaculture building under tropical climatic conditions; 3. to understand 

the indoor requirement of aquaculture building both for human occupancy comfort and fish 

optimal growth; 4. To simulate better indoor conditions for aquaculture building through 

alternative designs and materials using validated simulation tool; and 5. To propose design 

recommendations for energy and thermal efficient aquaculture building based on the 

simulated findings of the aquaculture building performances. 

Objective 2 was not met due to the difficulties of getting complete yearly electricity bills from 

the companies. The companies were reluctant to give these information and considered this 

as confidential. The methods undertaken were: 1) Background study and literature review; 2) 

Design for measurements (Data measurements will be outdoor & indoor temperature, water 

temperature and RH. Data collection and analyze the data gathered; 3) Simulation and 

analyse result; and 4) Report write up and propose recommendations for energy efficient 

aquaculture buildings. The findings were that a) the working conditions were too hot almost 

all the working hours, b) larval condition: exceed lethal temperature in some days and c) 

Building design (AnNur) failure. Recommendations are for better roof design, roof insulation 

and materials, window opening and others (envelope, orientation etc). 
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