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__________________________________________________________________________________________ 

 

Abstract: The majority of the Malaysian population do not associate Malaysia with 

earthquakes and seismic activity, hence, most of the reinforced concrete buildings had been 

designed in accordance to the previous British code of practice BS 8110, which has been phased 

out in UK since 2010.  In Malaysia now, all RC building structures are to be designed to 

Eurocode 2 or EN1992. Although Malaysia is not located within any active seismic fault zone, 

some parts of the country do experience far-field earthquake effects from Sumatra Island, East 

of Indonesia. After having experienced the 2004 Aceh earthquake where some highrise building 

structures swayed substantially, the public raised some concerns about the integrity of the 

existing highrise buildings in Peninsular Malaysia to resist far-field earthquake tremors. In 

addition to Eurocode 2, Malaysia has also released the National Annex to Eurocode 8 or NA 

to MS EN1998, which is the European standards for seismic design now been adopted by 

Malaysia.  Hence, the cost of construction according to seismic design may have a major 

economical impact on the Malaysia’s local construction industry. In the interest of public safety 

and awareness, this research develops a detailed structural performance evaluation for typical 

RC low and medium rise buildings in Malaysia. At the same time, the difference in material 

resource usage between seismic design and non-seismic design is investigated. It is observed 

that the inter-storey drift ratio and the weight of steel reinforcement used in design is strongly 

influenced by the intensity of peak ground acceleration, agR and the corresponding structural 

behaviour factor, q. 

 

Keywords: Peak ground acceleration, ductility, reinforced concrete, seismic, hazard 
___________________________________________________________________________ 
 

Introduction 

Earthquakes are one of the most devastating and unpredictable natural hazards which cause 

great loss of life and livelihood (Elnashai, 2008). Although Malaysia is located in the stable 

Sunda Shelf with low to medium seismic activity level, the seismic risk cannot be ignored 

(Manafizad, Pradhan and Abdullahi, 2016). It is inevitable to give considerable attention to the 

reactivation phenomenon of inactive faults, especially within the vicinity of 80km-long 

Bentong Fault. The epicenters were as close as 20 km to high population Kuala Lumpur, which 

a slight higher value of magnitude could have remarkable effects on seismic hazard of the 

region. In fact, historically, these earthquakes happened in rural area with low population and 
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have not yet inflicted any serious damage of buildings. However, due to the series of local origin 

earthquakes and increased of population in the rural area, government has urged the engineers 

to factor earthquake in development projects, especially for those on fault lines. The fact that, 

majority of the existing low- to mid-rise buildings in Malaysia including residential houses, 

schools, government offices and hospitals are suspected to have higher risk of collapsing 

compare to high-rise buildings. Since reinforced concrete (RC) requires less skilled labor and 

low maintenance cost, majority of these buildings are RC structures typically designed without 

provisions for earthquake-induced forces and are considered as weak to seismic loads. In the 

interest of public safety, this research develops a detailed structural performance evaluation for 

typical RC low and medium rise buildings in Malaysia. This paper also investigate the 

difference of steel reinforcement and concrete required when seismic provision is considered 

in reinforced concrete (RC) design of general hotel building. 
 

Problem Statement 

Although Malaysia is located in the stable Sunda Shelf with low to medium seismic activity 

level, the seismic risk cannot be ignored (Manafizad, Pradhan and Abdullahi, 2016). It is 

inevitable to give considerable attention to the reactivation phenomenon of inactive faults, 

especially within the vicinity of 80km-long Bentong Fault. The epicenters were as close as 20 

km to high population Kuala Lumpur, which a slight higher value of magnitude could have 

remarkable effects on seismic hazard of the region. In fact, historically, these earthquakes 

happened in rural area with low population and have not yet inflicted any serious damage of 

buildings. However, due to the series of local origin earthquakes and increased of population in 

the rural area, government has urged the engineers to factor earthquake in development projects, 

especially for those on fault lines. The fact that, majority of the existing low- to mid-rise 

buildings in Malaysia including residential houses, schools, government offices and hospitals 

are suspected to have higher risk of collapsing compare to high-rise buildings. Since reinforced 

concrete (RC) requires less skilled labour and low maintenance cost, majority of these buildings 

are RC structures typically designed without provisions for earthquake-induced forces and are 

considered as weak to seismic loads. 
 

Literature Review 

European Code and National Annex Studies  

Malaysia has adopted Eurocode (EN 1998-1) in the seismic design of reinforced concrete 

structures. The first edition of Malaysia National Annex to MS EN1998 Part 1: Design of 

Structures for Earthquake Resistance was drafted in 2017. Seismic hazard modelling of the 

region surrounding Malaysia with the methods mentioned in the previous chapters had been 

researched by the members in the authorship in order to produce the seismic hazard map and 

elastic model response spectrum for Peninsular Malaysia, Sarawak and Sabah (Lam, 2018). The 

key points from Eurocode 8 and Malaysia National Annex were studied in order to perform the 

analysis and design in this research. 
 

Current Eurocode Provisions 

Two fundamental requirements in seismic design is established in EN1998-1, which are as 

follows: 

a) No-collapse requirement (Ultimate Limit State) 

In this requirement, it stated that for ordinary structures should be constructed and 

designed for a reference seismic action with 10% probability of exceedance in 50 years 

(475 year return period). In this case, this ensure that the building is able to withstand 
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the design seismic action without local or global collapse as the it is subjected a rare 

seismic event that can caused significant event. 

b) Damage limitation requirement (Serviceability Limit State) 

The requirement is to ensure that the building is designed to withstand a more frequent 

seismic action without damage. The limitation is related to the reduction of economic 

losses in terms of structural and non-structural in frequent earthquakes. No permanent 

deformation is alow to occur on the structure. 

Hence, the two level seismic design requirements are actually depending on the probability of 

occurrence of the earthquake (JRC European Commission, 2012). 

 

Seismic Parameters Studies Based on Eurocode 8 and Malaysian National Annex to 

Eurocode 8 

In order to perform a detailed study and evaluation on the seismic performance of the low rise 

building, it is important to define the following seismic parameters based on the seismic code 

and National Annex of the respective country. The parameters are as follows: 

1) Reference Peak Ground Acceleration 

2) Building Importance factor 

3) Behaviour Factor 

4) Site Natural Period & Response Spectrum 

 

Site Natural Period & Response Spectrum 

In this study, only horizontal elastic response spectrum was considered in the analysis. The 

response spectrum was obtained by modal analysis. However, before proceeding to the analysis, 

several steps have to be taken in order to obtain the input parameters for the construction of soil 

response spectrum: 

1) Obtain the Borehole report of the proposed site 

2) Computation of site natural period, Ts from the borehole 

3) Determine the ground type based on the ground classification scheme in accordance 

to site natural period, Ts 

4) Select the Soil Factor, S, and corner periods TB, TC, TD for the input into the response 

spectrum.  Refer to Table 3.2 of Eurocode 8 (BSI, 2014). 

However, in this study, no site work was done in order to obtain the borehole of the site. Hence, 

the site natural period, Ts was obtained based on the previous research works done by Dr Tsang 

(2016) to determine the suitable soil response spectrum that emphasis on the phenomenon of 

periodic ground shaking in Malaysia.  
 

Analytical Procedure 

In this paper, the modelling and design of an eight-storey RC building (based on Eurocode 2, 

Eurocode 8 and Malaysian National Annex to Eurocode 8) with different peak ground 

acceleration seismicity in Malaysia was carried out using Robot Structural Analysis Software. 

 

Representative Building 

Figure 1 shows an eight-storey regular hotel building that was modelled to represent the typical 

low and medium rise structures in Malaysia. For analyses, five building models were designed 

according to Eurocode 2 and Eurocode 8 with various level of reference peak ground 

acceleration, agR to mirror the Malaysian seismic hazard for ductility class low design (DCL) 

and ductility class moderate design (DCM). The layout, size of the building and load applied 

was repeated for each model. The building was assumed to be fixed at the base. Concrete 
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strength, beam and column size were maintained before the analysis. Modification will only be 

done if necessary. The detailing of steel reinforcement and concrete required was investigated 

and compared for the reinforced concrete (RC) design with and without seismic provision. 
 

 
Figure 1. Model of an eight-storey regular building 

 

Seismic Analysis of Various Case Studies 

In this paper, the modal response spectrum analysis had been conducted on a typical structure 

frame of eight-storey RC building. For comparison, the similar building frame was used in five 

different case studies. In order to create case studies that reflect the seismic condition in 

Malaysia, several values of PGA were selected as reference peak ground acceleration, agR which 

is equal to 0.025g, 0.06g, 0.07g and 0.16g. All the values obtained from the Malaysia seismic 

hazard map. Table 1 depicts all the 5 cases in this study and their input parameters. 

 
Table 1. Tabulation of input data for all five cases 

  
Parameters Case 1 Case 2 Case 3 Case 4 Case 5 

Locations Kuantan Shah Alam Kuala Lumpur Lahad Datu 

RPGA, agR 0.03g 0.06g 0.07g 0.16g 

Importance 

factor, γI 
1.2 (Building importance Class III) 

PGA, ag 0.03g 0.07g 0.08g 0.19g 

Soil Factor, S 1.35 (Soil Cass D, Type 1 Response Spectrum of 

Eurocode) 

PSA,  agS 0.04g 0.97g 0.01g 0.25g 
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With the parameters in Table 1, each case study was classified based on the seismicity 

which are “very low seismicity”, “low seismicity” and “low to moderate seismicity”. All frames 

were design according to Eurocode 2 to represents current practice of RC design in Malaysia, 

however different seismic design approaches which is Low Ductility Class (DCL) or Moderate 

Ductility Class (DCM). Table 2 shows the design approaches adopted for each case. 

 

Table 2. Design approaches for all five cases 

 

Modal Analysis 

After computing the load cases on the model, modal analysis was performed in order to observe 

the vibration mode, natural period and the frequencies of building under wind load. For Case 

1, since the seismic load was not applied in this case, the structural elements were assumed to 

be uncracked. Therefore, there was no stiffness reduction in this case. However, for other cases, 

the structural elements were assumed to be cracked. Therefore, the stiffness was reduced to one 

half. The modal responses are combined using the “Complete Quadratic Combination” (CQC) 

method assuming a modal damping of 5%. A total of 24 modes of vibration were considered in 

this analysis. After the analysis was done, the storey displacement and inter-storey drift ratio 

was observed for each cases and comparison was done. 

 

Results and Discussion 

Storey Displacement of Reinforced Concrete Structures 

Based on Figure 2, it is observed that the maximum storey displacement of the RC structure 

has increased with the values of PGA. It can be said that more reinforcement is needed to 

maintain the stiffness of the structure when the values of PGA is high. The storey displacement 

of the structural system was obtained by modal response spectrum analysis based on the design 

response spectrum of each case. The displacement of the building depicts the deformation of 

the building when the earthquake happens. The structural performance of the structures was 

evaluated based on the interstorey drift ratio which is discussed in next subsection. 

 

Interstorey Drift Ratio of Reinforced Concrete Structures 

In this study, the interstorey drift ratio was used to estimate the structural performance of the 

building under seismic actions.  According to EN 1998-1 (2004), limitation of interstorey drift 

is an additional damage limitation verification for RC design that is exposed to lateral forces in 

order to ensure the structure have sufficient stiffness for the functionality of the facilities. 

Hence, the limitation of interstorey drift controls the design approaches in most of the cases. 

The limitation of interstorey drift is based on the behaviour of non-structural materials that 

attached to the building structure(Soós, 2012). The behaviour of non-structural elements that 

take into account in this study is classified into brittle and ductile. Hence, by using interstorey 

drift limit above, the performance of the building in all cases was evaluated and compared. 

From figure 3, it can be concluded that the lateral drift of the structure in Case 1, Case 2, Case 

Parameters Case 1 Case 2 Case 3 Case 4 Case 5 

Location Kuantan Shah Alam Kuala Lumpur Lahad Datu 

PGA, ag 0.03g<0.04g 0.07g<0.08g 0.08g>0.08g 0.19g 

PSA,  agS 0.04g<0.05g 0.97g<0.10g 0.01g>0.10g 0.25g 

Seismicity Very low Low Low-moderate Low-moderate 

Design Approaches EC2 DCL DCL DCM DCM 

Behaviour factor, q - 1.5 1.5 3.9 3.9 
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3 and Case 4 is within the interstorey drift limit for building have brittle non-structural elements 

attached. This indicates that the structures have sufficient stiffness to resist the lateral force as 

the values of PGA in these cases are low. 

 

Figure 2. Storey displacements in centres of the masses in directions along X and Y 

 

Figure 3. Interstorey drift ratio in directions along X and Y 

However, for Case 5, the lateral drift of the structures has exceeded the interstorey drift 

limit for building have brittle non-structural elements attached. In other words, if there are 

brittle non-structural elements attached, it is necessary to increase the structure stiffness to 

reduce the interstorey drift. The high value of PGA has pushed the structures to drift over the 

boundary of the limit. In short, based on the performance evaluation, it clearly shows that 
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different level of ground shaking requires different seismic design approaches to ensure the 

designed structures have sufficient stiffness to withstand the seismic actions. The higher the 

values of PGA, the design of RC structure should be more ductile. 

Material Used In Comparison for Typical Beam 

Since it is difficult to establish an extra cost of the seismic design, material survey was done to 

investigate the extra weight of extra steel reinforcement needed in beam for seismic design. 

Without doubt, the amount of steel reinforcement provided in RC beam design is strongly 

associating with the bending moment and shear force from the load imposed on the structure. 

Longitudinal bar is responsible to resist the bending moment, while the transversal 

reinforcement is responsible to resist the shear.  

 

 

Figure 4. Normalised weight of steel reinforcement provided for a typical beam for all cases 

Based on the graph, it can be observed that the total weight of steel reinforcement is increased 

in the range of 1 times to 2.5 times higher for frames design with seismic load. From the beam 

detailing in Figure 5.2, both the number of main bars and shear links increased with the values 

of PGA. This result can be related to the bending moment and shear force diagram of accidental 

limit state (ALS) shown in Chapter 4. In normal design that do not have seismic load case, for 

instance Case 1, ALS was not included in the design. Hence, this study has clearly shown that 

increment of total weight of steel reinforcement is affected by the increment of PGA values. 

Besides that, comparison between Case 3 and Case 4 shows that DCL is a better design 

approach that DCM, provided that the design acceleration ag or agS marginally exceed the 

threshold limit of low seismicity. Even though with a same value of PGA was applied in both 

case, DCL had resulted lower seismic demand and saving in the reinforcements. The main 

reason that contributed to this condition is due to the stringent requirement of detailing in DCM 

and also the minimum reinforcement requirements. 

Material Used in Comparison for Typical Column 

Similar to beam, normalised weight of steel reinforcement in Column 11 in all cases is shown 

in Figure 5. Based on the graph, it is observed that the weight of the steel reinforcement 

drastically increased in Case 4 and Case 5. This shows that the DCM approach requires more 

reinforcements compare to DCL. However, it is observed that the DCL design in both Case 2 

and Case 3 requires almost same amount of reinforcement in normal RC design.  
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Figure 5. Normalised weight of steel provided for a typical column for all cases 

As discussed in previous section, the interstorey drift ratio of the structure in Case 5 has exceed 

the limitation due to high value of PGA value. Thus, as a result, DCM design was adopted in 

this case in order to provide sufficient stiffness to the column by increasing the amount of the 

steel reinforcement. By this way, it can increase the ductility of the structure as steel is a very 

ductile material. The total weight of reinforcement for column is increased with the PGA values 

as higher shear force needed to be resisted.  

On the other hand, the cross section of the column is also increased from 600 x 600 mm2 

to 700 x 700 mm2 due to the section is overstressed if modification is not made. As a result, it 

shows that, the total volume of concrete is also influenced by the degree of PGA. The alternative 

to increase the concrete capacity is by increasing the concrete strength. 

 

Conclusion 

A total of five number of eight-storey RC building had been analysed with modal response 

spectrum analysis to evaluate the structural performance of the building. According to the 

classification of seismicity, the RC structures had been designed according to Eurocode 2 with 

and without seismic consideration to investigate the difference in material needed. Four 

different value of peak ground acceleration (PGA) had been considered in this research in order 

to cover the wide range of seismicity in Peninsular Malaysia, Sabah and Sarawak. As proposed 

by Eurocode 8, the value of behaviour factor, q for low class ductility (DCL) is 1.5 and 3.9 for 

moderate class ductility (DCM). All the frames had been evaluated with Modal Response 

Spectrum Analysis with software at different levels of PGA which are 0.03g, 0.06g, 0.07g and 

0.16g. From the details presented in this paper, the following conclusion can be made: 

1) In general, Malaysia is considered as low seismicity country. The PGA values for 

Peninsular Malaysia are ranged from 0.02g to 0.09g. Meanwhile, the PGA values for Sabah 

and Sarawak are ranged from 0.01g to 0.16g. The seismicity in Malaysia is classified into 

3 zones which are very low seismicity zone, low seismicity zone and low to moderate 

seismicity zone. Hence, in this study, the reference peak ground acceleration, agR selected 

for the case studies have covered all the three seismic hazard zones for Malaysia.  

2) The structural performance of the low to medium rise reinforced concrete (RC) structures 

was observed in terms inter-storey drift ratio. From modal response spectrum analysis, it 

had been proven that the inter-storey drift ratio of the structures increased with the intensity 

of PGA. For higher PGA, ductility design needed to be take into account in order to 

increase the stiffness of the structure and reduce the story drift. 
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3) In general, seismic zone with higher values of PGA will result in greater seismic demand 

which necessitate more reinforcement, higher concrete strength or greater section and 

longer storey drift. 

4) Theoretically, using higher ductility class DCM will result lower seismic demand and 

saving in reinforcement. However, this study shows that, it may not apply where design 

PGA marginally exceeds the threshold of low seismicity definition. This is due to the 

stringent requirement of detailing in DCM compared to DCL and also minimum 

reinforcement requirements. It is suggested that DCL should be considered for the analysis 

and design in cases where appropriate. 
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Notation 

agR  Referenced peak ground 

acceleration, m/s2 

K  Shear stiffness 

ag  Actual peak ground acceleration, 

m/s2 

v  Reduction factor 

g  Gravitational acceleration, m/s2   Diameter in mm 

S  Soil factor fck  Concrete compressive strength 

q  Behaviour factor fyk  Yield strength 

qo  Basic behavior factor    

γI  Importance factor DCL  Ductility class low 

Ts  Site natural period DCM  Ductility class medium 

Gk  Permanent action DCH  Ductility class high 

Qk  Variable action PGA  Peak ground acceleration 

ψ2i  Quasi-permanent value of the 

variable action 

ULS  Ultimate limit State 

T  Fundamental period ALS  Accidental limit state 

M  Storey mass    
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__________________________________________________________________________________________ 

Abstract: Urbanization grows rapidly in Malaysia and has known to have several negative 

impacts. As development intensifies, water runs rapidly into rivers and less filters through the 

soil, contributes to the congestion of the stormwater drainage system that leads to the flash 

flood problem. Waste and pollution transported by stormwater also posed environmental 

problems, thus several open drain systems were introduced to improve it.   However, some of 

those open drainage systems contributes to more pollutions and worsened the quality of life of 

the urban dwellers in Malaysia. Several approaches with different concepts have been 

developed, including the Best Management Practices (BMPs), Low Impact Development (LID), 

Water Sensitive Urban Design (WSUD), Sustainable Urban Drainage Systems (SUDS), 

Innovative Stormwater Management and the Green Stormwater Infrastructure (GSI). This 

paper proposed the potential system that gives minimal impact to the environment while 

improving the water filtration and flood control system in the urban areas. The GSI system can 

effectively address water environment issues caused by traditional stormwater drainage 

systems. Research focuses on the development and application of an integrated GSI storage 

used in urban areas adapted to flood risk with the used of bio-composite material. A lab scale 

system was developed to study the performance of bio-composite materials and the design of 

inner storage as an infiltrator as runoff decelerator. Results showed that the used of rice husk 

and coconut fibre as an infiltrator improved the quality of rainwater. The integrated GSI that 

was designed to have an inner storage also elongates the surface runoff time. It is expected that 

the proposed design of eco-friendly integrated storage for drainage system could prevent 

ponding and at the same time the contaminated flow will be filtrated by the embedded bio-

composite materials before entering the water bodies. 

Keywords: Integrated Storage, Stormwater, Bio-composite, Urban Drainage 

___________________________________________________________________________ 

Introduction  

In the event of urban rainstorm, less surface runoff infiltrated into the soil due to the reduction 

of permeable area. It contributes to the congestion of the stormwater drainage system due to 

increased paved areas which in turn causing severe flash flood incidences (Aminuddin, et al. 

2003). The excessive of sediment that built up in the drain also reduced its storage capacity and 

lead to ponding and flooding (Alex, et. al, 2001). The changes in land use have become apparent 

and the degree of soil imperviousness increases especially in developing countries had led to 

the increased of stormwater volume (Kundzewicz, et al., 2007). As development intensifies, so 

more water runs rapidly into rivers and less filters through the soil. This sealing of the ground 

can and does lead to localised flooding and water pollution and will only get worse as our 

climate changes. As a result, flooding events are commonplace in many cities of the world. An 

increase in stormwater runoff becomes the source of water pollution as stormwater transports 

mailto:a_norazlina@upm.edu.my
mailto:meormohammad@upm.edu.my
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large quantities of contaminants to receiving waters in many countries including Malaysia (Lee, 

et al., 2007). Boller (1997) stated that the pollutants from streets and roofs carried by stormwater 

was the major contributor in surface water pollution. The pollution transported also posed 

quantity and quality problems that affect the public health and the environment. Due to 

decreasing pervious areas and deterioration of water quality in stormwater runoff, a possible 

drainage system for stormwater runoff were designed; however, some of those open drainage 

systems contributes to more polluted river and worsened the quality of life of the urban 

community in Malaysia. Ashantha, et. al (2005) concluded that the more develop the country 

is, the poorer the water quality they have.  

Worldwide, most of the countries that were affected by flood disasters have taken an 

integrated action to overcome or at least minimize the impacts of flood by establishing flood 

risk management. Several approaches with different concepts have been developed. These 

include the Best Management Practices (BMPs), Low Impact Development (LID), Water 

Sensitive Urban Design (WSUD), Sustainable Urban Drainage Systems (SUDS), Innovative 

Stormwater Management and the Green Stormwater Infrastructure (GSI). The GSI system can 

effectively address water environment issues caused by traditional stormwater drainage 

systems, thus this study focuses on the development and application of an integrated GSI used 

in urban design adapted to flood risk. Flood event also results in relevant economic and social 

costs because of building and personal property damage (Ntelekos et al., 2010). Therefore, 

stormwater runoff must be properly managed to prevent floods and to protect water resources 

and public health. Each Urban Drainage System functioning with different efficiency 

depending on its design and hydraulics parameters. Failure of any systems implemented may 

undermine its performance and cause an excessive amount of stormwater runoff that results in 

urban flooding. This research aims to develop and propose a lab scale integrated model or 

system with the intention to overcome or at least minimize the impact of flood in impervious 

areas. 

This paper proposes a new tangible product of GSI to reduce the flood risk and improve 

the stormwater quality while maintaining the greeneries in the developed or urbanized areas. 

The improvement of the eco-friendly drainage system will be able to contribute to the 

Sustainable Development Goals (SDGs) which include a dedicated goal on resilient 

infrastructure. SDG #9 is a call to “Build resilient infrastructure, promote sustainable 

industrialization and foster innovation”. A prototype of Eco-friendly Integrated GSI was 

produced. Proposed integrated GSI considered a storage in order to control potential pollutants 

before discharging water to a storm drain. Laboratory scale study were conducted in order to 

analyse the performance of the proposed system. Collected water through the infiltration system 

were tested for its quality. It is expected that the proposed design of Integrated GSI Storage 

block could increase the flow velocity to prevent ponding that leads to urban flooding and at 

the same time polluted runoff will be filtrated by the bio-composite materials embedded to the 

designed block before entering the water bodies. It is hope that the system with its potential can 

be used and implemented in urban areas that facing the flood problems and will contribute in 

knowledge information on the most suitable or the best flood risk management in urban areas. 
 

The Integrated GSI  

The Brick 

A new approach is needed in which drainage allows storage and keeps the runoff water on site 

longer, prevents pollution and eventually the collected water can be used for a range of non-

potable uses. Thus the Integrated GSI mortar brick is designed to have an inner opening acting 

as storage to elongate the surface runoff time. It is also expected that the proposed design of 
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eco-friendly integrated storage for drainage system could prevent ponding while at the same 

time the contaminated flow will be filtrated by the embedded bio-composite materials before 

entering the water bodies. A single Integrated GSI brick is design to have 200 m x 75 mm x 80 

mm  (length x width x  thick) with 30 mm x 30 mm x 80mm (length x width x  thick) opening 

in the middle. The opening section is to be filled with selected bio-composite materials and to 

reduce brick individual’s weight. The brick was casted in halved for easy handling with average 

weight of 1.85 kg. Two halved bricks were assembled in which the opening sections are facing 

together as in Figure 1 making the brick’s overall dimension of 200 m x 150 mm x 80 mm with 

an opening of 60 mm x 30 mm x 80mm in the middle. The schematic diagram of the brick is as 

in Figure 2. 
 

 
Figure 1 : The Integrated GSI Brick 

 

Figure 2 : The Integrated GSI Brick Schematic Diagram 

Selection of Bio-Composite Materials 

A non-wood bio-composite material used in this study are the type of straw and fruit fibers such 

as rice husk and coconut fiber. Those dry rice husk and coconut fiber were placed and 

compacted in the opening section. The main purpose of using these biological wastes is to 

infiltrate small particles and at the same time increase the quality of rainwater before entering 
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the water bodies. The second intention is to promote the vegetation growth where this Integrated 

GSI being implemented. Figure 3 shows the types of bio-composite materials used in this study.  
 

 

a) Rice Husk 

 

b) Coconut Fiber 

Figure 3 : Bio-composite materials used 

 

Lab Scale Study 

About 106 bricks were casted using a steel mould as in Figure 4 below. Those bricks were then 

arranged in a specifically designed rainfall simulator. The rainfall simulator has a rectangular 

basin sized 2000 mm by 1000 mm in length and width respectively. Figure 5 shows the bricks 

arrangement in the rainfall simulator basin. The rainfall simulator’s tank was filled up with the 

earlier collected rainwater. Rainwater was collected at Hydraulic Laboratory, Faculty of 

Engineering University Putra Malaysia representing the existent quality of rainwater in selected 

study area. More than 100 liters rainwater was collected on a rainy day to fill up the Rainfall 

Simulator tank. The rainwater stored in the tank was then pumped and flowed into sprinkler 

systems imitating actual rainfall at required intensity. The rainwater samples were first tested 

for it quality as a benchmark and then compared to the rainwater that have been stored and 

filtered by the bio-composite materials embedded in the proposed Integrated GSI.  

 

 
Figure 4 : Steel Mould Used To Case Integrated GSI 

 



 

International Conference on Modern Applied Sciences, Engineering and 

Technology Application 2019 (ICMASET 2019) 

eISBN: 978-967-2245-16-2 

25th - 26th September 2019, 

 Bayview Beach Resort, Penang, Malaysia 

15 
 

 
Figure 5 : Integrated GSI Arrangement Inside The Rainfall Simulator 

 

The storm water quantity or peak discharge (Qpeak) of the location was estimated using 

Rational Method as in Equation 1: 

360

CIA
Q

peak
=   …Equation 1 

 

where Qpeak is the peak discharge in m3/s, C is a dimensionless runoff coefficient, I is rainfall 

intensity in mm/hr, A is catchment area in hectares and the conversion factor is taken as 360.  

The peak discharges at 2, 5 and 10 years of ARIs were calculated and imposed 

representing maximum peak discharge of a rainstorm event. For lab scale study, the selected 

urban area was scaled down to 1m length x 7m width equivalent to 0.0007 hectares. The 

discharges imposed while conducting three sets of experiments are tabulated as in Table 1.  

 
Table 1: Peak Discharge For Duration Of 5 Minute For The Experimental Areas Of 7m2 

ARI Duration 

(min) 

Rainfall 

Intensity, I 

(mm/hr) 

Runoff 

coefficient, C 

Area 

(Hectares) 

Peak 

Discharge, 

Qpeak (m
3/s) 

2 5 250 0.95 0.0007 0.00046 

5 5 280 0.95 0.0007 0.00052 

10 5 320 0.95 0.0007 0.00059 

 

Runoff samples quality were tested to assess the effectiveness of the chosen bio-

composite material as filter substance. The collected rainwater (non-filtered) was tested for its 

quality and compared with the one that flowed and infiltrated (filtered) through the eco-friendly 

bio-composite materials. Both results were then compared with national water index parameter 

by Department of Environmental, Malaysia. The compared parameters include pH, biochemical 

oxygen demand (BOD), chemical oxygen demand (COD), turbidity, total dissolve solid (TDS), 

total suspended solid (TSS) and ammonia nitrogen test in determining the runoff quality. 

 

Results And Discussion 

Integrated GSI Performance 

As mentioned earlier, the experiments were conducted on an Integrated GSI bricks with two 

different types of bio-composite materials (rice husk and coconut fibre) and on Integrated GSI 

bricks without the bio-composite material referred as a benchmark test.  The first test conducted 

was the benchmark test as shown in Figure 6. The second and third tests conducted were on the 

integrated GSI systems that filled with rice husk and coconut fibre respectively as shown in 

Figure 7(a) and Figure 7(b). Each test were run for three times at different discharge imposed. 
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Figure 6 : Integrated GSI System Without Bio-Composite Material As The Benchmark Test 

 

  
A) Rice Husk B) Coconut Fiber 

Figure 7 : Integrated GSI System With Bio-Composite Materials. 

 

Tests were run with initial discharge of 0.00046 m3/s for 2 ARI, 0.00052 m3/s for 5 ARI 

and 0.00059 m3/s for 10 ARI. The discharges were recorded at every 30 second and after five 

minutes the rainfall simulator valve was shut down to stop the rainfall. The discharges were 

continuously recorded until there is no outflow.  

For the first run, initial discharge of 0.00046m3/s for 2 ARI was imposed. The graph 

line in Figure 8 shows that the peak discharge for benchmark test (Integrated GSI without bio-

composite material) was 0.00064m3/s and recorded at the 300s. While the peak discharge for 

Integrated GSI system with the rice husks and coconut fibre were 0.00061m3/s at time 300s and 

0.00062m3/s at time 270s respectively. Both rice husk and coconut fibre were found to reduce 

the peak discharge by 5% and 3% respectively in comparison with the benchmark test. It can 

be seen from Figure 9, the surface runoff volume recorded in the Integrated GSI system with 

both Rice Husk and Coconut Fibre are lesser compared to the system without bio-composite 

material. This indicates that both materials have an ability to store the rainwater and reduced 

the amount of surface runoff while avoid the ponding condition. At simulation time 300s, the 

surface runoff volume for a system using rice husk as infiltrator was greater than the benchmark 

as the opening area was filled up by water. Comparing between two types of bio-composite 

materials, system with the coconut fibre has lower surface runoff volume than the system with 

rice husk. This may be due to the coconut fibre that is more porous compared to the rice husk 

which was able to store more rainwater.   
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Figure 8 : Comparison on Peak Discharge at 2 ARI 

 

On the second run, initial discharge of 0.00052m3/s for 5 ARI was imposed and the 

results are as illustrated by line graph in Figure 10 below. The benchmark peak discharge 

recorded was 0.00071m3/s at 4 minute and 30 second, while peak discharges for both systems 

with rice husk and coconut fibre were 0.00068 m3/s and 0.00066m3/s respectively at 5-minute 

duration. This shows that both materials able to reduce the discharge to be lower than the 

benchmark discharge by 4% and 7%. Figure 9 also shows that at first 5-minute, rice husk and 

coconut fibre have lower runoff volume compared to system without filter substance. This 

indicate that both material able to store water while reducing the discharge resulting in delaying 

the peak discharge time. Rice husk and coconut fibre managed to store about 2% and 3% more 

water in the inner storage. Coconut fibre was found better in detaining water due to its absorbent 

characteristic.  

 

 
Figure 9 : Comparison on Peak Discharge at 5 ARI 

 

In the third run, initial discharge was set at 0.00059m3/s (10 ARI). The comparison on 

discharge and runoff volume detained is shown in Figure 10. From the graph, it shows that the 

peak discharge at 270s for benchmark test is 0.000813/s. The peak discharges for Integrated 

GSI for both rice husk and coconut fibre are 0.00079m3/s and 0.00077m3/s respectively and 

recorded at 300s. The trend lines show that both rice husk and coconut fibre peak discharges 
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are lower than the benchmark. Both rice husk and coconut fibre were able to reduce the peak 

discharge by 2.5% and 5% respectively. It also shows that the used of bio-composite materials 

were able to attenuate of peak flows by elongating the peak discharge time.   
 

 
Figure 10 : Comparison on Peak Discharge at 10 ARI 

 

Figure 11 shows the storage capacity between rice husk and coconut fibre. There is 

significant difference in storage capacity between Rice Husk and Coconut Fibre in the first run 

of experiment where only 0.00046m3/s discharge imposed. Rice husk was also found good in 

storing rainwater in the first and third run while coconut fibre was performing better in the 

second run where 0.00052m3/s discharge was imposed. The ability of Rice Husk in storing 

rainwater was increasing as the discharge increase. 

 

 
Figure 11 : Bio-composite Material Storage Capacity 

 

Water Quality 

Determination of Water Quality 

The rainwater quality results obtained by conducting pH, turbidity, bio-chemical oxygen 

demand (BOD), chemical oxygen demand (COD), total dissolve solid (TDS), total suspended 

solid (TSS) and total ammonia nitrogen. The results from collected rainwater that was directly 

tested for its quality was taken as reference or benchmark results and was compared with the 
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quality of rainwater filtered by rice husk and coconut fibre through the Integrated GSI brick. 

Table 2 below show the water quality results.  

 
Table 2 : Water Quality Results of Rainwater Sample 

Parameter Benchmark 

Bio-composite materials 

Rice Husk Coconut Fiber 

pH 4.38 9.84 9.73 

Turbidity (NTU) 1.96 2.11 2.95 

Total Suspended Solid (mg/l) 20 5 5 

Total Dissolve Solid (mg/l) 70 40 45 

Total Ammonia Nitrogen (mg/l) 0.02 0.0114 0.0114 

BOD (mg/l) 2.7 1.3 1.8 

COD (mg/l) 32 16 16 

 

Based on the Table 2 above, rainwater filtered through both eco-friendly materials gave 

lower readings in most tested parameters than the benchmark test. There are significance 

differences in values recorded except for the Turbidity and pH. Generally, it indicates that those 

materials are capable and performing well in filtering the rainwater. A huge reduction on Total 

Suspended Solid and Total Dissolve Solid of filtered rainwater compared to the non-filtered 

rainwater. This shows that both bio-composite materials are efficient in retaining the solid 

residue in rainwater. For the reading of Total Ammonia Nitrogen, it was low since the amount 

of ammonia in rainwater is very minimum. The implementation of both rice husk and coconut 

fibre however reduced the reading to 40%. The pH of filtered water is slightly over the standard 

requirement which is 5-9 and become more alkaline. This high value of 9.84 and 9.73 may be 

due to the bio-composite material that influenced the pH value when mixed with water. The 

standard water quality for Total Suspended Solid (TSS) parameter range is 25mg/l. The Total 

Suspended Solid recorded for benchmark sample was 20mg/l while both rice husk and coconut 

fibre recorded 5mg/l. Both materials were found better in retaining 75% of suspended solid in 

the rainwater sample. Again, based on the experiments conducted to check the Total Suspended 

Solid, the benchmark test reading was 70mg/l whereas both rice husk and coconut fibre 

recorded 40mg/l and 45mg/l respectively. For turbidity, both filtered rainwaters recorded higher 

values than the benchmark. The benchmark was 1.96NTU while turbidity test on rainwater 

filtered by rice husk and coconut fibre recorded 2.11NTU and 2.95NTU respectively. Both 

dusty bio-composite materials contributed to the increased in turbidity readings. Results could 

be more accurate if those materials were washed and cleaned from impurities before 

experiments were conducted.   

 

Conclusion 

Based on the results obtained from the laboratory experimental works, it shows that the 

proposed Integrated GSI with the used of rice husk and coconut fibre embedded in the opening 

area as bio-composite materials are efficient in reducing the stormwater discharge and delay 

the discharge reaches its peak by storing the surface runoff.  

In the first run where 0.00046 m3/s peak discharge was imposed, Integrated GSI brick 

with rice husk and coconut fibre were found able to reduce 5% and 3% of the peak discharge 

respectively. Again, comparing the peak discharges for both systems with and without the bio-
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composite materials, the rice husk and coconut fibre were able to record peak discharges 4% 

and 7% lesser 0.00052 m3/s in the second run. However, when 0.00059 m3/s discharge imposed 

in the third run, the rice husk and coconut fibre were able to reduce the peak discharge by only 

2.5% and 5% respectively. It can be concluded that the opening storage integrated at the centre 

able to reduce the amount of peak discharges.  

In terms of the water storing performance, rice husk embedded in the Integrated GSI 

system was able to store additional 3% of water while the coconut fibre detained water lesser 

than system without bio-composite material in the first run. This may be due to the characteristic 

of coconut fibre which is slow in absorbing water. In the second run, the rice husk and coconut 

fibre were able to store additional 2% and 3% respectively. It was recorded that about 8% and 

6% extra water were stored by both Integrated GSI system with rice husk and coconut fibre 

respectively in the third run of the experiment. The results showed that the storage capacity 

increased inversely with the discharge imposed.   

In terms of runoff quality, it shows that rice husk and coconut fibre materials can also 

be used in preliminary stage of water treatment in which the bio-composite materials were 

capable to act as runoff filtering system. The runoff was quite acidic with pH of 4.38 was 

recorded. The pH values were 9.84 and 9.73 after filtrated by the rice husk and coconut fibre. 

The sudden increment in pH might be influenced by those bio-composite materials themselves. 

The quality of runoff that infiltrated through the bio-composite material was improved. Both 

rice husk and coconut fibre materials were able to reduce the Total Dissolve Solid (TDS) by 

43%, Total Suspended Solid (TSS) by 75% and Total Ammonia Nitrogen by 4.3%. The 

Biochemical Oxygen Demand (BOD) was reduced by 53% and 33% with the used of rice husk 

and coconut fibre respectively. For the Chemical Oxygen Demand, both rice husk and coconut 

fibre materials reduced its reading to 50%. From results obtained, the bio-composite materials 

such as rice husk and coconut fibre were found capable in improving the rainwater quality.  

It can be concluded that the research objectives have been achieved where the proposed 

Integrated GSI is able to reduce and delay the peak discharge by introducing an inner opening 

in the design. From experiments conducted it also shows that the opening has good capability 

in storing rainwater. In terms of water quality, the proposed Integrated GSI was also performing 

well in increasing the rainwater quality before releasing it into the water bodies. However, it is 

suggested that this research to be extended with the used of various types of bio-composite 

materials; for example, Kenaf, the sugar cane husk, betel husk etc. in order to study their 

performance in storing and filtrating the runoff.  
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Abstract: This study proposes a novel technique to convert local iron ores into industrial grade 

red colour pigments. The methods employed in this work include high-energy milling, ball 

milling, rod milling and high-energy blending. It was observed in the TEM results that high-

energy milling using ø 3 mm balls running at 550 rpm produced the finest particles  with a 

value of 73.13 nm and a specific surface area of 178.62 m2g-1 ,while ball milling and high-

energy blending methods were similarly effective in producing nanoparticles with size of78.54 

nm and 88.65 nm, respectively. The sample of high-energy milling at 550 rpm displayed 

noticeable alterations in colour values, but the lightness of high-energy blending samples was 

low in comparison to other methods. CIE L*a*b* colour values were analysed for all the 

samples and the results indicated that the value of a* for all the samples was greater than 18.0. 

This indicated that the samples are suitable for use as raw materials in red colour pigment 

production. Generally, the processing speeds utilized by the above mentioned methods resulted 

in significant changes in colour properties and its microstructure. 

Keywords: Iron ore, Colour pigment; Ball milling; High energy ball milling; CIE L*a*b* 

colour values 

Introduction  

Natural iron oxide colour pigments of high quality are confined to a limited amount of iron 

mines around the world. This is due to the difficulty of ensuring consistency within colour 

values as well as ensuring pigment performance properties of the harvested iron ores.  

Malaysian lands are well equipped with an abundance of iron ores [1-3]. However, research 

and development interests in harvesting, and converting Malaysia iron ores into colour 

pigments with quality have been frail, hence resulting in a loss of pace in the contention for 

valuable market shares in the pigment manufacturing industry, which is projected to expand 

over the next decade [4,8,11]]. As such, local producers of paints and other pigment-related 

products are dependent on foreign imports for pre-selected colour pigments, thus assuming a 

role of interim consumers in the supply chain and more susceptibility to global economic 

fluctuations and price changes. Furthermore, foreign imports with considerable quality come 

with expensive price tags [5-7].  The formation of new industries, job opportunities, lower costs, 

and increased profitability are potential advantages if raw materials such as iron ores were to 

be obtained from local sources. 

Recently, the values of iron ores and steel products have been gradually dwindling due 

to reduction in construction and infrastructure development. This decline dampens the 

investment and development interests presented by local and international companies aiming 

to cater to the steel production industry in Malaysian ore-mining facilities [9,10]. The 

introduction of natural iron oxide pigments using local iron ores will serve as an alternative 
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product,or solution to the Malaysia mining and pigment industries.  Moreover, the profit 

margins for local colour producers can be lucrative due to a high global demand, competitive 

pricing of colour pigments, and lowered iron ore prices [12].  

The following issue can be tackled by presenting successful conversion of Malaysian 

iron ores into industrial grade colour pigments (particle size of 200 nm to 600 nm) by utilization 

of various size reduction methods such as high energy milling, high energy blending, ball 

milling and rod milling with different processing speeds aimed at studying its effects on the 

microstructures and colour values [13-15]. 
 

Experimental Procedure 

The raw iron ores were obtained from iron mines in Malaysia. Elemental composition and phase 

stability of the raw iron ores were analysed as well as the type of iron oxide present in the ore 

samples prior to size reductions attributable to the utilized techniques. Presence of contaminants 

would significantly affect the quality of pigment and requires a tedious cleaning process. The 

X-ray diffraction (XRD), or the phase analysis was performed in order to detect the compound 

in the samples. This analysis was conducted by a CuKα (1.5418A) source (45 kV, 40 mA) from 

PANalytical Empyrean. The scans were executed with 2θ starting from 20o to 80o. 

Upon completion of XRD, raw iron ores were hammered, and consecutively crushed 

into fine powder. The feed powder was then subjected to size reduction techniques with various 

speeds for different milling machines. High-energy ball milling, also known as planetary ball 

milling, was carried out in wet conditions, while the other techniques were performed in dry 

conditions. Subsequently, 5g of the feed powder was placed in a high-energy milling (Retsch, 

PM100) steel milling jar with distilled water. The charges used were steel balls with diameters 

of 3 and 11 mm. The machine was operated for 8 hours at 350 rpm and 550 rpm.  In addition, 

a steel ball of diameter 5 mm was used for the conventional ball milling, while for the rod 

milling, steel rods with diameter of 7 mm and length of 134 mm were selected. Both ball milling 

and rod milling were operated at 64 rpm for 24 hours. Lastly, a high-energy blender (DM-6) 

was utilized at 25000 rpm for 5 minutes. The milling was conducted in a closed environment 

to secure the milling atmosphere. 

Particle sizes of the milled powder were measured via a particle size analyser (Malvern 

Instruments Mastersizer 2000), based on the principle of evaluating the intensity of laser 

diffraction.. The powder was dispersed in water beforehand with the assumption of possessing 

a spherical particle shape. Specific surface areas of the samples was also evaluated with the use 

of the same machine.. TEM was further employed to confirm the particle size and particle 

shape. The evaluation of colour values were conducted by using a colourmeter (Konica Minolta 

CR 10) in order to provide measurements in terms of L*a*b*. The colourmeter was equipped 

with a gas-filled tungsten lamp as the light source and six silicon photocells as the detector. 

 

Results and Discussions 

The studies were carried out in accordance to three variables which included the following; 

average particle size (nm), specific surface area (m2g-1) and colour values.  According to Figure 

1, the the Ø 3mm ball had undergone a massive reduction from an initial value of 234.77 nm at 

350 rpm to a final value of 73.13 nm at 550 rpm. In contrast, the Ø 11mm ball was observed to 

have reduced from 298.21 nm at 350 rpm to a final value of 231.30 nm at 550 rpm. What can 

be concluded is that the Ø 3mm ball was more effective in comparison to the Ø 11mm ball in 

high-energy milling of the iron oxide particles, especially with an increase in milling speed.  A 

further conclusion is that incremental milling speeds allowed for small sized charge media to 

be used for optimal and effective size reduction processes. While the ball milling at 64 rpm 
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produced a sample with an average particle size of 78.54 nm, the DM-6 high-energy blender 

produced samples at an average of 88.65 nm.  It can, therefore, be concluded that the calibration 

of suitable milling speed is a crucial factor affecting the particle size of iron oxide pigments. 

 

 
Figure 1: Average particle sizes with respect to size reduction methods  

 

Regarding the specific surface areas, an increase in speed of high milling energy in both 

the  Ø 3mm and Ø 11mm balls was observed to results in an increase in specific surface areas. 

Such a trend may also be applied to the high energy blending with 25000 rpm, which produced 

samples with a specific surface area of 103.05 m2g-1. Regarding the ball and rod milling, the 

obtained specific surface area values were low due to the adjustment of the milling speed to 64 

rpm. As shown in Figure 2 below, it may also be deduced that the changes in specific surface 

area was contributed to by speed variations in the size reduction methods.  
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Figure 2: Specific surface area with respect to size reduction methods 

 

 It can be observed on Figure 4, in which Ø 11mm ball were utilized at 550 rpm, that the 

resulted particles were larger and formed larger agglomerates.  This could be due to the low 

specific surface areas produced by high energy milling as an adsorptive gas layer could not 

form over each individual particle. In contrast, the particles in Figure 3 were smaller, exhibited 

less agglomeration, and produced more uniform-size particles. The milling speed in Figure 4 

revealed that the particles were crushed in more effective manner.  However, some of the 

particles were found as needle shaped. 

 

 
Figure 3: TEM image of high-energy milling (ø 3 mm ball, 550 rpm, 8 h) 
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Figure 4: TEM image of high-energy milling (ø 11 mm ball, 550 rpm, 8 h) 

 

Each size reduction method requires a unique milling speed in order to produce the 

desired particle size and shape. This could be observed as the high energy blending which 

produced rectangular particles, attributed to high random-manner collisions and particle-

breakages in the blender. In contrast, the ball and rod milling process produced more circular 

and uniform particle shapes. This is attributable to slow milling speeds, which allowed the 

consistent milling pattern of these particle size distributions and shapes.  

The lightness was highly noticeable at high-energy milling with 550 rpm, while the rod 

and ball millings were low in lightness as a result of the low speed. Furthermore, the high speed 

DM-6 blended samples exhibited lightness as well. This could be attributed to the differences 

in milling mediums between dry, versus wet, and the particle shapes differing between oval 

versus circular.  A plausible explanation would be that the oval and circular iron oxide particles 

are more effective at light reflection and display of colour values. Figure 5 below displays an 

overview of the lightness recorded graph of the particles.  
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Figure 5: L* values with respect to size reduction methods 

 

As for the redness or a* values of the particles, it was observed that the samples with high 

specific surface area tend to possess lower redness value.  The high energy milling of the Ø 

3mm ball with 350 rpm has the highest value of a* at 21.9 followed by Ø 11mm at 550 rpm 

which has a value of 20.6. The remaining values range from 18.7 to 19.9. Despite the higher 

specific surface area of DM-6, the sample had the lowest a* value at 18.7. This is likely 

attributable to the rectangular shape of the particles, which was unique to this sample and was 

possibly affected the redness display. The b* values of the high-speed conventional milling and 

DM-6 were similar, suggesting that both methods may produce samples with similar a* values.  

Selection of either methods depends on the particle shapes and sizes. Figure 6 and 7 below 

display the overview of both a* and b* values of the iron oxide samples. 
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Figure 6: a* values with respect to size reduction methods 

 

 
Figure 7: b* values with respect to size reduction methods 

 

Conclusion 

The obtained results of this study indicated that the value of processing speed in the various 

milling techniques is vital in the alteration of the particles sizes, as observed in the  Ø 3mm and 

Ø 11mm balls at 550 rpm, which had noticeable average size reductions. Furthermore, it was 

concluded that reduction in particle sizes results in higher value of specific surface area.  It was 

concluded that high-energy milling using ø 3 mm balls running at 550 rpm and high-energy 

blending at 25000 rpm could successfully produce particles with sizes less than 100 nm. 

Moreover, results indicated that the red colour properties (a* values) were best produced by the 

high-energy milling. 
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__________________________________________________________________________________________ 

Abstract: This study was done to identify the negative impact of the shielding effectiveness of 

the metal enclosure of a Wireless Access Point (WAP). In these study radio waves propagation 

will be considered using the Wireless LAN (WLAN) 802.11n at the frequency of 2.4GHz. The 

study involves the effect on the type materials used for the enclosure to secure the WAP. A 

comparison was made between the two materials which are metal and polylactic acid (PLA) as 

the enclosure of the Wireless Access Point. The methodology used in this research are; by using 

experimental study which was performed at the Electromagnetic Center (EMC). Based on the 

results, it was concluded that potential interference exists by using the metallic materials which 

reduces the performance of the WAP. Thus, the aim of this study is to design and produce a new 

enclosure with less interference. 

 Keywords: Shielding, Metal Enclosure, PLA Enclosure 

_________________________________________________________________________ 

Introduction  

Nowadays, the use of wireless network technology is rapidly gainning popularity in order for 

people to get connected to the network. A client revolution such as tablet, smartphone and 

laptop lead to an access network revolution from wired to wireless network [4]. Bring Your 

Own Device (BYOD) gives a greater impact for the wireless network usage. BYOD assists 

many staff and students in becoming well-informed on the changing technology by using their 

own personal devices like laptops and/or smartphones from home or colleges and using them 

both for study/work and personal purposes. Thus, with BYOD people can be easily get 

connected with the network to stay up-to-date. 

The WLAN technology 802.11(a/b/g/n) are already being used in Universiti Tun Hussein 

Onn Malaysia (UTHM). The WLAN technology namely the Wireless - Fidelity (Wi-Fi) for the 

staff and students to access networks using mobile devices. These facilities are available to 

improve the quality of teaching and learning at the university. Apart from that, the facilities are 

provided to promote the e-learning culture among lecturers and students of UTHM. 

One of the requirements to provide the WLAN services is by using the Wireless Access 

Point (WAP) [7]. There are 526 units of WAP 802.11(a/b/g/n) with various models have been 

installed at the campus and residential colleges in UTHM. The models of the WLAN are Aruba 

model 175, 115, 135, 125, 105, 93, 85, 80, 61 and 60. All the WAP installed is included with 

metal protection systems in order to improve the safety and to avoid from being stolen and 

vandalized. 
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Apart from that, complaints were often made by the users of UTHM regarding to the 

low wireless signal. Based on the data collected from the year 2017 to 2019 at the Information 

Technology Centre (ITC), there was a huge number of complaints that is 799 in the consecutive 

years. The highest number of complaint made by the users is 298 in 2018 as shown in figure 1. 

The interference of wireless signal was found to be the main cause of Wi-Fi complaints. 

 

 
Figure 1: Wi-Fi Users’ Complaints 

Source: Ticketing System UTHM 

 

These complaints were mostly referring to WAP operating at 2.4GHz radio frequency. 

The radio frequency wave is sensitive to building material. It can be attenuated, diffracted, and 

reflected when it passes through obstacles such as metal surfaces, wood wall, brick wall, roofing 

and glass [3] and [4]. Reflection, diffraction and scattering will occur on the radio waves 

propagating through the building material. In this study, the metal enclosure, as shown in figure 

2, used to secure the WAP is the source of the problem. 

There were two (2) major problems occurred on the WAP with radio frequency 2.4 GHz: 

i. The metal enclosure used for the WAP resulted in interference on the wireless signal. 

 

 
Figure 2: Metal Enclosure for the Aruba WAP 105 model 

Source: Ticketing System UTHM 

 

ii. The performance of the WAP decreased because the metallic materials used as the 

enclosure create interference and obstacle to the wireless signal.  
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Figure 3: Performance of the WAP Decreased 
Source: Ticketing System UTHM 

 

Even though most applications of the new technologies such as commercial of the shelf 

(COTS) and low-cost wireless communication technology are for the architectures typical of a 

business enterprise, the transportation of nuclear materials inside an important metal transport 

or vehicle is needed to be monitored wirelessly [1]. Practically, the metal that is used as the 

materials in the environment has led to complication in the wireless communication. The study 

was carried out to focus on 2.4GHz transmission spectrum and wireless data communication 

within a metal transportation vehicle. Based on the other observation by the researcher, the 

omnidirectional antenna is the most homogeneous and consistent elevated results across all 

configurations of containers while the flat patch-panel antenna appears to be more sensitive to 

directions [1]. Therefore, to overcome the problem of wireless communication, it is not suitable 

to use WAP 2.4 GHz radio frequency with flat patch-panel antenna together with the metal 

enclosure.  

There was another research done pertaining to the use of metal materials as the enclosure 

of the WAP. In the study, the researcher hypothesized that the structure of the metal such as 

bus lines or power lines which is near to the antenna would cause a significant disruption and 

affects the antenna features [2]. Therefore, the researcher found that to overcome this, the metal 

structure that is attached directly on the antenna should be avoided because it will change the 

network. Based on evaluation of the structures, a set of design guidelines for reducing the 

impact of the structures has been developed. Thus, in this study to cater the interference signal 

in the wireless communication, a new prototype design for enclosure has to be produced with 

less of metallic materials. 

Wireless signal propagation mechanism is refers to how the wireless signal is transmitted. 

Propagation mechanism refers to how the signal is being propagated [4]. There are three (3) 

types of propagation mechanism that affect the signal transmission which are reflection, 

scattering, and diffraction. Reflection occurs when the wave encounters an object of large 

dimension as compared to its wavelength such as large walls, metal cabinets, ceilings and 

furniture. Scattering occurs when the transmitted have encountered a large quantity of small 

dimension objects such as metal cabinets, lampposts, bushes and trees. Diffraction occurs when 

the surface of the obstruction has sharp edges producing secondary waves that in effect bend 

around the obstruction [4]. Thus, one of the materials in metal such as metal cabinet will cause 

reflection and absorption of signal to occur. Figure 4 shows the three (3) types of propagation 

mechanism. 
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Figure 4: Three types of propagation mechanism 
Source: Ali, A. H., Razak, M. R. A., Hidayab, M., Azman, S. A., Jasmin, M. Z. M., & Zainol, M. A. (2010, 

October). Investigation of indoor WIFI radio signal propagation. 

 

The loss of wireless signal propagation is depending on the materials used for buildings. 

It is very crucial to understand the propagation of radio wave signals to come up with an 

appropriate design, deployment, and management for any wireless network. There was a loss 

of wireless signal towards the barriers of building materials.  

 

Table 1: Common objects and corresponding attenuation in dB 
 

 
 
 
 
 
 
 
 
 
 

 
Source: RF Basics - Part 1 - Aruba Networks. (2017, June 9) 

 

Table 1 displays the loss (or attenuation in dB) presented by several objects. Most of the 

attenuation numbers are given as a range; the actual value of the attenuation depends on the 

exact frequency on transmission, the thickness and also the specific type of material used. Thus, 

the measurement conditions may be different as the numbers measured at different locations do 

not always agree. The attenuation numbers for concrete walls are seen as the most controversial 

because of the different types of concrete materials used and the thickness and coating are 

differed depending on whether it is used in floors or interior or exterior walls [8]. Generally, 

brick walls have attenuation at the lower end of the range as shown in the table below.  

Thus, the attenuation of signals can occur depending on the obstacles that exist at the 

surrounding area. At some point, the system receives fair signals; it is due to the fact that 

different machines produce noise which effect the Wi-Fi signal [3]. 
 
 
 

Obstacle  2.4 GHz (dB) 

Interior drywall   3-4 

Cubicle wall  2-5 

Wood door (Hollow - Solid) 3-4 

Brick / Concrete wall 6 – 18 

Glass / Window (not tinted) 2-3 

Double-pane coated glass 13 

Bullet-proof glass 10 

Steel / Fire exit door 13-19 

https://community.arubanetworks.com/aruba/attachments/aruba/tkb@tkb/121/1/RF-Basics_Part1.pdf
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Methodology 

The purpose of this research is to identify the implication and differences on the metal enclosure 

used on the 2.4GHz radio frequency transmission antenna. The experiment was done in the 

Electromagnetic Centre. 

Initial experiments were conducted to observe the performance of the 2.4 GHz antenna 

in the Aruba WAP 105 model when operating together with the metal enclosure.  The flow of 

the work can be described in three steps.  

i. Initial experiments were conducted in the EMC to observe the radiation pattern of 

the wireless signal propagation produced by using 2.4GHz antenna without the 

metal enclosure.  

ii. The metal enclosure will then be installed together with the WAP and the new 

radiation pattern was observed  to examine the impact of the enclosure on the 

wireless signal propagation. 

iii. A prototype enclosure made of plastic material (Polylactic Acid - PLA) will be 

designed. The enclosure is designed using CAD software to obtain three-

dimensional (3D) profile in which shall beprinted using a three-dimensional printers 

(3D). This Polylactic Acid (PLA) enclosure will be tested with 2.4GHz antenna in 

the EMC to observe the impact on  the wireless signal propagation.  

The data collected from these three (3) methods will be analyzed to identify the difference 

and implication for 2.4 GHz on the particular material that was used as the enclosure.  

 

Analyses 

From the experiments conducted, the radiation pattern without the enclosure is shown in Figure 

5. It displays that the radiation pattern of the wireless signal propagation produced by the 

2.4GHz antenna without the metal enclosure is a reasonably nice circle, suggesting that the 

omnidirectional antenna is good and performing the job as it intended to.  
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Figure 5: Radiation pattern for a 2.4Ghz Antenna without Metal Enclosure 
Source: Electromagnetic Centre Laboratory UTHM 

 

Subsequent test was done to observe the radiation pattern of the wireless signal 

propagation produced by the 2.4GHz antenna with the metal enclosure installed. the radiation 

pattern is now being distorted. It can be observed that, the distortion occurs at the angle between 

90 degree and 280 degree. Figure 6 below shows the radiation pattern after the experiment was 
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performed. The distortion occurring at these angle can be explained by the heavily shielded area 

of the enclosure which is at the sides of the enclosure. On the other hand, a good pass through 

is observed towards the front of the enclosure and this is mainly due to the large opening which 

permits waves to pass through unobstructedly.  
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
Figure 6: Radiation pattern for a 2.4GHz Antenna with Metal Enclosure 

Source: Electromagnetic Centre Laboratory UTHM 

 

A final test was conducted by using the 2.4GHz antenna with the PLA enclosure. The 

result shows that the radiation pattern has indeed returned into the circle shape as per the first 

experiment, even though not exactly similar. This probably suggests that minor interference 

still exist, but not as strong as compared to that of metal enclosure. .. Figure 7 shows the 

radiation pattern for the WAP with PLA enclosure. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7: Radiation pattern for a 2.4GHz Antenna with PLA Enclosure 
Source: Electromagnetic Centre Laboratory UTHM 
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Conclusion 

This study concludes that the PLA has a better suitability being the material to be used as a 

shielding enclosure for 2.4GHz antenna. On the other hand, the suitability of the material to 

withstand vandalism still require further work. More subsequent work will be performed to 

fully understand the PLA material such as the designs and its strength so that a compromise can 

be achieved in both directions that are to achieve a good transparency to radio waves and at the 

same time strong enough to be use as a protection enclosure for Wireless Access Point.  
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Abstract: Nowadays, distributed generation technology had gained more popularity by many 

countries. Recently, there are many problem with power system. One of the problem is high 

electricity price. The price in power generation rely largely on the type and market price of the 

fuel used, government subsidies, government and industry regulation, and even local climate 

patterns. In order to supply a better power system, this thesis introduces a model of wind turbine 

and a battery storage connected to microgrid system. The microgrid is the small scale which 

widely used in power generation system. Microgrid can operate with renewable and non-

renewable energy. Through this project, microgrid will be modelling by using wind turbine and 

battery storage system using MATLAB simulink software. 

Keywords: Battery Storage, Grid connected, Microgrid and Wind Tubine 

Introduction 

This project shows the analysis of distribution generation (DG) units refer to the small 

generators that used as stand-alone systems at an isolated area (rural areas) or utility-connected. 

It is having the ability to lift the poor nations to new levels of prosperity. The renewable energy 

used in this project is wind turbine. Basically the wind turbine generates from the sources of 

airflow through mechanical power generator to electricity. This wind turbine suitable at 

offshore and large area. Offshore had wind more frequent and stronger which can be found at 

this location and have less impact on the landscape aesthetic than project land but the cost of 

construction and maintenance costs are high. 

There are several issues make this project build up. One of the issue are by using the 

fossil, coal, oil and natural gas generation to generate electricity. Based on the fossil fuel 

generation, the fossil will have burned and from that the nitrogen oxide come out to 

surrounding. It is make the acid rain and effect the greenhouse gas emission. It is also make air 

pollutant. Besides that, a regular problem in industry when using traditional grid that only ways 

to flow electricity and communication. The other way by using microgrid that have reliability 

and secure network and loads with provide efficiency and friendly environment. 
 

Wind Turbine  

Wind energy is renewable energy. It is a clean energy source without requiring chemicals such 

as oil to generate energy which enable pollution. Wind energy is a source that needs wind to 

generate electricity. Wind turbines operate on a simple principle. The energy in the wind turns 

two or three propeller-like blades around  

a rotor. The rotor is connected to the main shaft, which spins a generator to create electricity. 

The formula for output power of wind turbine is 

P = ½ * ρ * C * A * v3 
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Where 

ρ is air density that normally use is 1.23 

C is maximum power coefficient; theoretical maximum is 0.59 A is area of rotor 

v is wind speed or velocity 

Wind turbine configuration can be identifying many ways based on different factors such as: 

• Rotor axis orientation: horizontal and vertical 

• Rotor position: upwind or downwind of tower 

• Rotational speed: constant or variable 

• Rotor power control: pitch, stall and active stall 

 
  
 
 
 
 
 
 
 
 
 
 

Figure 1: Example of Horizontal Axis             Figure 2: Example Vertical Axis Wind 

Turbine   Wind Turbine3. 

 

The Horizontal Axis Wind Turbine  

A horizontal-axis wind turbine (HAWT) has the main rotor shaft and electrical generator at the 

top of a tower and point directly into the direction of wind. Small turbines are pointed by a 

simple wind vane, while large turbines use a wind sensor coupled with a servo motor. Most 

system has a gearbox, which turns the blades slow rotation into a quicker rotation that is more 

suitable for generate electricity. Turbine blades are made stiff to prevent the blades from being 

pushed into the tower by high winds. 
 
Vertical Axis Wind Turbine 

Vertical-axis wind turbines (VAWT) have main rotor shaft running vertically. Main advantages 

of this arrangement are the generator and/or gearbox can be placed at the bottom which near 

the ground. So the tower does not need to support it and the turbine does not need to be pointed 

into the wind. Vertical wind turbines have a higher airfoil pitch angle to give improved 

aerodynamics while decreasing drag at low and high pressures. 

 

Microgrid 

Microgrids have ability to enhance there liability of the electric power grid from the point of 

view of their local loads means that the uninterruptable and high quality power is delivered to 

the loads, particularly critical loads. Microgrid can provide reactive power to support local 

voltage levels (415VL-L) not only for their own local loads but also for nearby loads. 

Microgrids is operate in parallel with the utility grid to feed a certain load. This prevents the 

grid being overloaded during peak load periods, which may consequently result in blackouts. 

By using microgrid,it can reduce the transmission losses (economic benefit) means the power 

that delivered to areas where microgrids are installed are lower and losses on the lines are lower 

too. 
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Battery Storage  

A battery stores electrical energy in a dual direction chemical reaction. The renewable energy 

source produces the energy and the battery stores it for times of low or no renewable energy 

production. Most renewable energy systems have batteries which store between ten and 

hundreds of times more energy than a car battery. It need backup power in case batteries become 

discharged due to lack of renewable energy system or an over consumption of energy. 

There are many brands and types of batteries available for renewable energy systems. 

With proper care, renewable energy system batteries have a lifetime of five to ten years, but 

there are more expensive batteries. In batteries consists of dangerous chemicals, which is 

hydrogen and oxygen gas while being charged, so they should be vented to the outdoors. It tops 

and connections must be periodically cleaned to avoid energy losses. Batteries should also be 

regularly topped up with distilled water. 

The lead acid battery used as energy storage because the lead acid battery is common 

energy storage device for renewable energy sources with high power density. Several inputs 

are considered for the modelling of this battery such as battery current, capacity, state of charge 

and temperature. All these parameters are varied with the operating conditions and affected the 

capacity of battery to charge or discharge. The battery terminal voltage is considered as an 

output of the model. 

 
Design of Wind Turbine and Battery Storage Connected with Microgrid in Grid-Connected and 

Grid-Disconnected 

 
 
 
 
 
 
 
 
 

 

 

 

 

 

Figure 3: Design of Wind Turbine and Battery Storage connected with Microgrid in Grid-

connected and Grid-disconnected 

 

Based on figure 3, the wind turbine and battery storage connected with grid. There are 

rectifier and converter that used after wind turbine and battery storage. Its function to 

compatible in voltage and frequency with electronic power system to which it will be connected 

and contain necessary output filter. The filter used is LC filters which to smooth the graph and 

filter noise to obtain synchronous voltage and frequency. Before transmit to Microgrid, the 

supply need transformer to step-up the voltage to synchronize with Microgrid due to frequency 

and voltage. The grid voltage is 415V and the frequency is 60Hz. The supply will go through 

the load demand. 
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Microgrid in Grid-Connected and Grid-Disconnected Mode  

 

 
 
 
 
 
  
 
 

 

 

 

 

 

 

 

 

 

Figure 4: Design of 11kV Microgrid 

 

Figure 4 shows the design of 11kV microgrid. The grid is added after the 415V side to 

become 11kV. It related with supply from wind turbine and battery storage and then the 

transformer is step up the voltage to 415V. After that the 415V where step up again until to 

11kV. The reading is taken at 415V side and 11kV side. There have 2 condition of grid which 

is grid-connected and grid-disconnected. The breaker is placed at 11kV grid to connect or 

disconnected the grid. 

 

Result and Discussion 

Wind And Battery Storage Connected With GridConnected And Grid-Disconnected 

 
Based on figure 3, show the distributed generation of wind turbine and battery storage 

connected with Microgrid. When this Microgrid system in grid-connected, the breaker will 
CLOSE means the grid can gives supply for the system. Meanwhile, if the Microgrid system in 
grid-disconnected, the breaker will OPEN means the grid cannot give supply for this system. 

The design were stimulate based on different cases which are 
1. Wind turbine supply to grid connected  
2. Battery supply to grid connected  
3. Wind turbine and Battery supply to grid connected  
4. Wind turbine supply to grid disconnected  
5. Battery supply to grid disconnected  
6. Wind turbine and Battery supply to grid disconnected 
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Case 1 
 
 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

Figure 5: Wind Turbine Supply in Grid-connected 

 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

Figure 6: Result of Primary voltage,        Figure 7: Result of Secondary voltage,   current, active 

power and reactive power          current, active power and reactive power 
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Figure 8 Result of Frequency 

 

Case 2 

 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

Figure 9: Battery supply in Grid-connected 

 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

Figure 10: Result of Primary voltage,               Figure 11: Result of Secondary voltage, current, 

active power and reactive power          current, active power and reactive power 
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Figure 12 Result of Frequency 

 

Case 3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 13: Wind turbine and Battery supply in Grid-connected 

 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

Figure 14: Result of Primary voltage,                   Figure 15: Result of Secondary voltage,  

current, active power and reactive power.         current, active power and reactive power 
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Figure 16 Result of Frequency 

 

Case 4 

 

 
 

 
 
 
 
 
 
 
 
 
 

 

 

 

 

Figure 17: Wind turbine supply in Grid-disconnected 

 
 
 
 
 
 
 
 
 
 

 

 

 

 

Figure 18: Result of Primary voltage,                   Figure 19: Result of Secondary voltage,  

current, active power and reactive power         current, active power and reactive power. 
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Figure 20 Result of Frequency 

 

Case 5 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

Figure 21: Battery supply in Grid-disconnected 

 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

Figure 22: Result of Primary voltage,                   Figure 23: Result of Secondary voltage,  

current, active power and reactive power          current, active power and reactive power 
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Figure 24 Result of Frequency 

 

Case 6 

 
 
 

 

 

 
 
 
 
 
 
 

 

 

 

 

 

 

Figure 25: Wind turbine and Battery supply in Grid-disconnected 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 26: Result of Primary voltage,               Figure 27: Result of Secondary voltage,  

current, active power and reactive power      current, active power and reactive power 
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Figure 28 Result of Frequency 

 

The time setting for all cases have transition time which is from 4/60 until 10/60 second 

at the breaker. It is means on that time the breaker will trigger from open to close and vice versa 

when it close to open. When the breaker in open condition, the current will flow through the 

snubber resistance inside of the breaker means the current can flow through at the resistance. 

 
Table 1 Comparison Grid-connected and Grid-disconnected with Condition of Supply 

 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1 represent the value of voltage, current, active power and reactive power when 

the grid-connected and grid-disconnect with different condition of supply. Besides that, it 

shows before and after transformer that means before transformer represent the primary side of 

the transformer which is from supply and after transformer represent the secondary side of 

transformer which is from microgrid. 

The value of voltage, current and reactive power when grid-connected is higher than 

when the grid-disconnected before and after transformer. The active power before transformer 

in grid-connected and grid-disconnected is positive that means the system cannot supply 

enough power to the load demand. The power output can be increased by adjust the value of 

load. For active power after transformer in grid-connected and grid-disconnected is negative 

that means the system have enough power to the load demand. So, the power load can be added 

or increase. The reactive power before transformer in grid-connected and grid-disconnected is 

negative means the reactive power flowing from grid to wind turbine and battery storage. For 

reactive power after transformer in grid-connected and grid-disconnected is positive means that 

reactive power is flowing from the wind turbine and battery storage to grid. 



 

International Conference on Modern Applied Sciences, Engineering and 

Technology Application 2019 (ICMASET 2019) 

eISBN: 978-967-2245-16-2 

25th - 26th September 2019, 

 Bayview Beach Resort, Penang, Malaysia 

49 
 

Frequency for both of grid-connected and grid-disconnected either before or after 

transformer gets the same value which is 60Hz. The value must same because the 

synchronization process need before connected to microgrid. 

 

Grid-connected and Grid-disconnected at 11kV 

Based on figure 4, shows the design to analyse the voltage, current, active power and reactive 

after connected to high voltage are 11kV. The 415V are step up by transformer to 11kV. The 

result was taken for this part at 415V side and 11kV side. There have two conditions which are 

grid-connected and grid-disconnected. The breaker use to close and open the circuit means 

when breaker is close, it show the grid is connected and when the breaker is open, it show the 

grid is disconnected. The reading of frequency also was taken at 415V side and 11kV side. 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 29: Design of 11kV in grid-connected 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 30: Result of Voltage, Current,              Figure 31: Result of Voltage, Current, 

Active Power and Reactive Power at                Active Power and Reactive Power at 

primary side in grid-connected                         secondary side in grid-connected 
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Figure 32 Result of Frequency 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 33: Design of 11kV in grid-disconnected  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 34: Result of Voltage, Current,                  Figure 35: Result of Voltage, Current, 

Active Power and Reactive Power at                     Active Power and Reactive Power at 
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primary side in grid-disconnected                          secondary side in grid-disconnected 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 36 Result of Frequency 

 

The time setting for all cases have transition time which is from 4/60 until 10/60 second at the 

breaker. It is means on that time the breaker will trigger from open to close and vice versa when 

it close to open. When the breaker in open condition, the current will flow through the snubber 

resistance inside of the breaker means the current can flow through at the resistance. 

Table 2 Comparison of Grid-connected and Grid-disconnected of 11kV 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2 represent the comparison between grid-connected and grid-disconnected at 

11kV. The reading at grid-connected is higher than grid-disconnected. The voltage at 415V 

when grid-disconnected is 200V and the voltage at 11kV when grid-disconnected is 5.2kV. The 

current at 415V in grid-connected is 10A higher than in grid-disconnected is 4.7A. The current 

at 11kV also decrease from 0.35A in grid-connected to 0.15A in grid-disconnected. 

The active power at 415V side in grid-connected is -5600W because have supply from 

grid. The active power at 415V in grid-disconnected increase to - 1200W because there do not 

get supply from the grid. The active power at 11kV side in grid-connected is -6700W because 

have supply from grid. The active power at 11kV in grid-disconnected increase to - 1200W 

because there do not get supply from the grid. The active power for both distribution 415V side 

and 11kV side are negative. Negative means the system have enough power to the load demand. 

So, the power load can be added or increase until the active power become 0. If the active power 

becomes positive means it not has enough supply. 
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The reactive power at 415V side in grid-connected is 2800Var higher than in grid-

disconnected is 550Var. The reactive power at 11kV side in grid-connected is 1900Var higher 

than in grid-disconnected is 200Var. The reactive power at 415V side and 11kV side get the 

positive value. It is means that reactive power is flowing from the wind turbine and battery 

storage to grid 

 

Conclusion  

In conclusion, the model of wind turbine with battery storage connect to microgrid and load 

using MATLAB Simulink software are designed. The designs were made based on past 

research that have done before this. The design has wind turbine, rectifier, inverter, battery 

storage, breaker, load, transformer and grid. The performances of wind turbine with battery 

storage system connect to microgrid and load by using MATLAB Simulink Software are being 

analysed. The part has been analysed are voltage, current, active power and reactive power of 

the supply and grid. There have condition are being analysed. The performance of grid-

connected and grid-disconnected by using MATLAB Simulink software are being analysed. 

The grid is step up from 415V before this to 11kV. The voltage, current, active power and 
reactive power were taken make comparison between grid-connected and grid-disconnected. 

So, the grid-connected performance had higher than grid-disconnected because the loads get 

the enough supply from supply and grid compared to grid-disconnected. 
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__________________________________________________________________________________________ 

Abstract: The 4.0 industrial revolution marked by the existence of the Internet of Things caused 

the development of technology increasingly rapidly. That makes the need for the use of 

electrical energy also increases rapidly. Cooperation between the government and the 

community is needed to increase the role of renewable energy. Thus minimizing the use of 

electricity from PLN and optimizing electricity from renewable energy. Modular R-EMS is a 

technological innovation that enables the use of more than one renewable energy that can 

monitor and control wirelessly using the Internet of Things. Modular R-EMS has an interface 

to make the user easy to see the system. That Interface displays data in the form of voltage, 

current, power, percent of battery, monthly usage charge, and load back up system when PLN 

is not operating. Error generated at AC voltage 0.9% DC voltage 1.89% AC current 0.7% DC 

current 3%. In the process of sending data in the form of current and voltage from the module 

to the smartphone has a time lag of 3 seconds. The use of PLN energy at a load of up to 100% 

at night. The use of renewable energy in the morning 76.58% to 100% in the afternoon 78.95% 

- 100% in the afternoon 19.64% to 62.85%. The excess power from renewable energy 

automatically flows to PLN. 

Keywords: Internet of Things, Modular R-EMS, Management Energy  

___________________________________________________________________________ 

Introduction  

The use of EBT (renewable energy) is being increased to reduce the use of non-renewable 

energy. The use of solar cells as electricity generation is still in the small and medium scale 

because solar cells utilize sunlight to produce electricity, this is a weakness of solar cells 

because when the daylight dims, solar panels will not produce electricity. So that PLN still has 

an important role in the supply of national electricity. In an effort to increase the national 

electrification ratio, it is necessary to collaborate between the community and the government 

that functions in enhancing the role of EBT, namely solar panels and wind turbines as 

environmentally friendly power plants. So that the government represented by PLN can 

increase the national electrification ratio to 100%. Studies show that around 9-18% of electricity 

savings can be achieved if users can obtain energy information directly [9]. 
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 Internet of Things or IoT is a communication technology innovation in the use of an 

expanded internet network that can be connected to other components and able to do monitoring 

and automatic control in real-time. With the availability of the internet network, the Internet of 

Things technology can be applied by identifying specifically the components of the objectives 

so that they can communicate online through the internet. 

 The Internet of Things technology that is developing at this time is an alternative in 

managing energy on electrical quantities such as current and voltage and performing automatic 

control of online relays. 

 

Literature Review  

Internet of Things 

Kevin Ashton first conceived the Internet of Things in 1999, which allowed objects around to 

communicate through a network such as an internet. Starting from the Auto-ID center, 

technology based on radio frequency identification (RFID) which is the identification of 

electronic products that are unique and then developed into technology that every object can 

have an internet protocol (IP) address [5]. So IoT is a concept that forms a giant network that 

connects all devices to collect and share data about how a device is operated.  

 
Figure 1: Internet of Things 

 

 Developments in the digital age have enabled technology to connect people with objects 

and also objects with objects. These supporting IoT technologies serve to illustrate how the 

various technologies relate to each other and communicate with each other with scalability, 

modularity, and configuration of IoT deployments in different scenarios. 

 

SCADA 

SCADA is an abbreviation of Supervisory Control and Data Acquisition, which serves to 

supervise, control, and process data in real-time in each process [7]. Real-time in a source 

stated, "real-time in a simple phrase is said that the user asks the computer system and then the 

computer system processes and answers it [4]. SCADA has four main parts, namely the Master 

terminal unit (MTU), Data communication, Remote terminal Unit (RTU), Field and Device. 

MTU or master terminal unit is a system that functions as a server that receives data from RTU. 

Data from RTU is processed by MTU and displayed in the form of numbers and graphs 

according to the data that has been collected. MTU allows integration with HMI to make it 

easier to analyze data. 

 RTU or remote terminal unit is a system that is close to the object being observed. RTU 

is integrated with the sensor that is attached to the object being observed and functions as a 
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receiver of data from the sensor and sends data from the sensor to the MTU for data processing 

and analysis. 

 Communication is a system that connects RTU and MTU so that it can transmit data 

originating from sensors. SCADA performs data communication via radio, modem, optical 

fiber, and serial communication. 

 Field and Device are sensors and actuators that are attached to the observed object. The 

sensor functions to measure digitally and are received by RTU and sent to MTU for data 

analysis. 

 

ON GRID PV SYSTEM 

The grid-connected system is a system that is connected to a PLN cable so that it can sell the 

excess electricity available. This system uses solar panels (photovoltaic panels) to produce 

electricity that is environmentally friendly and emission-free. With this system will reduce 

household electricity bills, and provide added value to the owner. This series of systems will 

remain connected with the PLN network by optimizing the use of energy from solar panels to 

produce electrical energy as much as possible. 

 There are several studies that support this research. In that study, it is used as the basis 

for this research. Journal "Designing PLTS Hybrid Systems with PLN Electric Nets for Urban 

Homes." In the journal discusses the hybrid PLTS system with PLN, which uses batteries as a 

storage of electrical energy (storage system). The hybrid PLTS system with PLN electricity can 

be applied to urban homes, as well as analyzing factors that influence the amount of electrical 

energy produced by solar cells related to the working time of the PLTS system. PLTS will 

supply about 30% of electricity from the overall burden of household electrical equipment, 

while the remaining 70% of power is from PLN. (Bien, L E. 2008). 
 

 
Figure 2: On Grid PV System 

 

 Comparative Study 2 Model of Power Plants Hybrid PLTS and PLN / Genset systems. 

In this journal discusses the comparison between PLTS model 1, which is hybrid with PLN and 
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PLTS model 2, which is made in series which is analyzed to get the best PLTS model. There 

are differences between the two models, namely the switch controller (PLTS regulator unit). 

Model 2 energy generated from PLTS, Genset, and windmills will be distributed directly to the 

battery and the load without any supply from PLN. From the configuration of the hybrid system 

model 1 and model 2 (both series and parallel), it can be concluded that the performance of the 

two models in principle has the same reliability in maintaining the continuity of power supply 

to the load, but from the simplicity of the equipment system, the PLTS 1 model is simpler than 

PLTS 2 model, and when viewed from the readiness of PLTS in supplying power to the load, 

the PLTS 2 model is far better than the PLTS 1 model, whereas from the investment side the 

model 2 is far more expensive than Model 1. (Indrajaya, 2012). 

 Study of PLTS Utilization as an Additional Power Supply in the Hospitality Industry in 

Nusa Lembongan, Bali. This study discusses the planning of a hybrid solar power plant with 

PLN, where the solar power system that will be developed to supply electricity is planned at 

30%. The PLTS power that will be generated to supply the planned hotel energy is 21.6 kWp, 

which will be produced from 144 panels with a capacity of 150 Wp. The cost of PLTS energy 

at the current price of solar panels is Rp.8500 / Kwh. Taking into account the decline in the 

price of solar panels by an average of 9% per year and the tendency of an increase in world oil 

prices, it was found that in the next five years the PLTS energy costs would decrease to Rp.6100 

/ Kwh, close to the energy costs of a PLTD. The feasibility analysis of PLTS investment 

conducted using NPV, PI, and DPP shows the results that the PLTS investment is feasible to 

be carried out. Alternative strategies to determine the feasibility of PV-VP as an additional 

power supply are obtained by analyzing technical aspects, cost aspects, and regulatory aspects 

using a SWOT analysis. An alternative strategy from the SWOT analysis shows that the 

stipulation of regulations from the government is very instrumental in making the use of PLTS 

as an additional power supply, feasible to be developed in the hospitality industry in Nusa 

Lembongan, especially at the Bali Hai Tide Huts hotel. (Santiari, Dewa Ayu Sri 2011) 

 

Modular Renewable Energy Management System 

Modular Renewable Energy Management System (Modular R-EMS) adalah alat yang bisa 

melakukan monitoring, kontrol, serta proses management dari sumber renewable energi. 

Modular R-EMS terhubung secara wireless antar modulnya melalui internet yang kemudian 

terhubung pada cloud sehingga dapat dikontrol dan setiap datanya dapat diakses dimanapun 

melalui smartphone. 

 

A. Modular R-EMS 

Modular R-EMS has two main parts, namely hardware integrated with the concept of mini-

SCADA and internet of things. 
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Figure 3: Diagram Block of R-EMS System  

 

 Integrated hardware with the Miniscada concept in this study consists of five R-EMS 

modules, each of which is mounted on a solar panel, wind turbine, PLN, Battery, and house 

load. In one of the R-EMS modules, there is a relay to control the source that we want to use. 

Internet of things consists of cloud and software embedded on smartphones. 

 

B. Hardware Modular R-EMS 

The R-EMS modular hardware is equipped with a voltage and current sensor to read the 

required quantities, and fitted with a relay to make the selection of the desired source. Sensors 

and relays are connected to Arduino and MCU nodes and then sent to the cloud via the internet. 

 
Figure 4: Diagram Block of R-EMS Hardware Design 

 

C. Software Modular R-EMS 

Software that is programmed on the Modular R-EMS is found on smartphones, either based on 

Android or IOS. From the application, the user can monitor the voltage, current, and power 

from the PLN, the load, the installed Renewable Energy, or the battery. And it is possible to see 

the costs that must be paid to PLN. 
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Figure 5: R-EMS Interface on Smartphones 

 

Result And Analysis 

After the modular R-EMS tool is finished, testing is needed to see its performance. Initially 

calibrated from each sensor installed. After the sensor calibration is complete the system testing 

of each R-EMS module is done to coordinate and carry out the process following what has been 

programmed 

 

A. Testing of data transmission 

 
Figure 6: Client Data Graph on the Server 

 

 In conducting microcontroller, communication requires the media to transmit analog 

and digital data. When communicating between two or more microcontrollers, serial 
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communication and wireless communication are used. Serial communication is used to send 

data in the form of numerical data in bytes to do data parsing on the destination microcontroller 

so that the data obtained by the data obtained can be executed with mathematical operations. In 

the process of sending data wirelessly, it takes communication media in the form of an internet 

network. 

 In the process of data communication from current sensors and voltage sensors needed 

In the process of sending data from the microcontroller, the transmitter needs the media to 

communicate. The media used in conducting wireless communication is by utilizing internet 

facilities obtained from smartphones connected to Wifi and data packages. When the 

smartphone is connected, the smartphone is ready to receive data from the client. The 

microcontroller that has been connected to the internet will upload data obtained from the 

conversion of the output signal from the current and voltage sensors. In the process of 

monitoring and control, the battery indicator needs to be considered to facilitate the selection 

of sources. 
 

 
 

Figure 7: Battery Interface on Smartphones 

 

B. R-EMS Modular Testing 

System testing is done by taking data with variations in the load carried out at different times 

in the same place.  
 

The first test was conducted on July 4, 2019, at 19:00 WIB.  
Table 1: Hasil pengujian EBT On Grid pukul 19.00WIB  

PLN EBT Beban 

Voltage 

 (V) 

Current 

(A) 

Voltage 

  (V) 

Current (A) Voltage 

  (V) 

Current (A) 

223 0 223 0 223 0 

223 0.42 223 0 223 0.41 

223 0.75 223 0 223 0.73 

223 0.99 223 0 223 0.96 

223 1.14 223 0 223 1.08 

 

 In the first test, it was found that all the burden was borne by PLN; this is because, at 

night, the EBT / Solar panel could not produce electricity. It can be seen that the current 

generated by EBT is always 0 Amperes despite the change in load 

 

 

 



 

International Conference on Modern Applied Sciences, Engineering and 

Technology Application 2019 (ICMASET 2019) 

eISBN: 978-967-2245-16-2 

25th - 26th September 2019, 

 Bayview Beach Resort, Penang, Malaysia 

61 
 

The second test was conducted on July 5, 2019, at 15:30 WIB. 
Table 2: Hasil pengujian EBT On Grid pukul 15.30WIB 

PLN EBT Beban 

Voltage 

 (V) 

Current  

(A) 

Voltage 

  (V) 

Current (A) Voltage 

 (V) 

Current  

(A) 

219 0.22 219 0.22 219 0 

219 0.24 219 0.22 219 0.35 

219 0.39 219 0.22 219 0.73 

219 0.72 219 0.22 219 0.93 

219 1.08 219 0.22 219 1.12 

 

 In the second test, the EBT power is 48.18 Watt, or in other words, the current generated 

is 0.22 Ampere. When testing with five different loads from 0.35 to 1.12 Amperes, data 

obtained that the R-EMS was successful in reading and displaying the configuration of the 

generated power. If EBT is higher, then EBT will send the remaining energy to PLN. And if 

the burden is higher than EBT, then the lack of power is obtained from PLN 

 

The third test was conducted on July 6, 2019, at 11:30 WIB. 
Table 3 : Hasil pengujian EBT On Grid pukul 11.30 WIB 

PLN EBT Beban 

Voltage 

 (V) 

Current  

 (A) 

Voltage 

 (V) 

Current  

 (A) 

Voltage 

 (V) 

Current  

 (A) 

222 0.9 222 0.9 222 0 

222 0.55 222 0.9 222 0.37 

222 0.4 222 0.9 222 0.75 

222 0.4 222 0.9 222 0.97 

222 0.4 222 0.9 222 1.14 

 

 In the first variation which is conditioned to have no load, the on-grid inverter current 

is the same as the PLN current, and this is possible because the power generated by the On-grid 

inverter is excessive so that it is given to PLN for the amount of power generated. In the second 

and third variations, a load of 0.37 A and 0.75 A is needed because this is to know the power 

conditions of the EBT, PLN, and load. The results obtained in the second and third variations 

are that the load is still supplied by EBT because the power generated by EBT is greater than 

the load and the remainder of the power used for the load is given to PLN. In the fourth and 

fifth variations, it is known that EBT is not able to supply the power needed by the load so that 

power is needed from PLN. 

 Tests carried out using EBT load and power variations. Load variations are given to 

determine the magnitude of the comparison that occurs between the use of PLN and EBT. In 

tests conducted on July 4, 2019, at 19:00 IWST it is known that EBT does not produce current 

because the voltage needed to operate the On Grid inverter is not met. So that 100% power 

usage is supplied from PLN to the load. 

 Tests carried out on July 5, 2019 at 15:30 WIB it is known that the use of EBT at a load 

of 76.65 Watt at 62.85% and the use of PLN at 31.15% this is because the power supply from 

EBT has not been sufficient to meet the load requirements. Furthermore, an additional load of 

159.87 Watt is carried out, with the power produced by EBT, which is relatively the same, the 

use of EBT is 30.13%, and PLN is 69.87%. At 203.67 Watt load usage, use EBT 23.66% and 

PLN 76.34% and 245.28 Watt load use EBT 19.64% and PLN 80.36%. The use of EBT 

continues to decrease while the use of load continues to increase. This is because the power 
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generated by EBT is not able to supply all the power needed by the load. So that PLN 

automatically adds less power than EBT to operate the load. 

 Tests conducted on July 6, 2019, at 11:30 IWST are known to produce the greatest 

power compared to previous tests so that the use of PLN is only 7-11%. 

 

Conclusion 

From the results and analysis of the research that has been done so that it can be concluded as 

follows: 

1. The error obtained from testing the AC / DC voltage and current sensor compared to the 

measurement on the multimeter is less than 5%. 

2. NodeMCU can be used as a microcontroller that can process data and upload data obtained 

from AC / DC voltage and current sensors in realtime and online. 

3. In testing 1, the load consumption of PLN was 100%. Testing 2 load consumption of PLN 

worth 31% - 80%. Testing 3 load consumption of PLN is worth 12% - 23%. Testing 4 load 

consumption of PLN is worth 7% - 11%. 
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