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ABSTRACT 

 Malaysia targets to supply 20 percent of total electricity generation by 2025 

from renewable energy sources. The existing renewable energy mix in Malaysia 

includes photovoltaic (PV), biomass, and small hydro. Like many other renewable 

sources, wind energy has been considered in Malaysia since the 1990s. This is 

because wind energy is well-known for its high efficiency and can be a major energy 

contributor to total renewable energy globally. However, the onshore wind energy 

speed in Malaysia is relatively low, thus restraining it from becoming one of the 

potential energy mix sources in Malaysia. Unlike onshore wind, offshore wind is 

very well known as having a higher average speed and as Malaysia is surrounded by 

the South China Sea, this raises its opportunity to harvest the energy from offshore 

wind sources. At present, there are limited studies regarding the potential use of 

offshore wind energy in Malaysia. Acknowledging many advantages of the hybrid 

wind energy system, this study is done to perform techno-economic analysis of the 

grid-connected offshore wind-PV hybrid system by using simulation software. This 

includes the design of the optimized offshore wind-PV hybrid system with minimum 

net present cost (NPC) and cost of energy (COE) based on Malaysia’s average 

residence load and the sensitivity analysis of offshore wind-PV hybrid system based 

on variations in several key parameters. The area for offshore wind energy systems is 

selected by applying the system's constraints. Based on the constraints, there are four 

possible locations in Malaysia for harvesting the energy, with coordinates (2.36, 

110.28) as Zone 1, (3.94, 103.75) as Zone 2, (5.73, 103.19) as Zone 3, and (6.57, 

117.90) as Zone 4. The simulation is done by using HOMER software and the 

optimized sizing design is selected based on two factors which are the lowest NPC 

and COE value. The comparison between the zone’s analysis results is done to know 

the factor that caused the difference in economic and system operation aspects. The 

sensitivity analysis is done to know the effect of three parameters which are load, 

interest rate, and net enrgy metering, NEM value on technical and/or economic 

aspects output of the system. The result demonstrates that all the parameters greatly 

impact the system’s operation and cost. Thus, all parameters must be included in 

consideration of implementing the grid connected offshore wind turbine-PV farm in 

Malaysia  
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ABSTRAK 

Malaysia mensasarkan untuk membekalkan sebanyak 20 peratus daripada 

jumlah penghasilan tenaga elektrik dari sumber tenaga yang boleh diperbaharui. 

Tenaga yang boleh diperbaharui yang sedia ada di Malaysia ialah tenaga solar, 

biomass dan air. Di Malaysia, tenaga angin telah dipertimbangkan sebagai sumber 

tenaga yang boleh diperbaharui sejak tahun 1990an. Ini kerana tenaga angin 

diketahui sebagai sumber tenaga yang mempunyai kecekapan yang tinggi dan 

menjadi penyumbang tenaga terbesar di peringkat global. Angin di luar pesisir 

mempunyai kelajuan purata yang tinggi dan disebabkan Malaysia dikelilingi oleh 

Laut China Selatan, ia meningkatkan peluang untuk menghasilkan tenaga dari 

sumber angin di luar pesisir. Kajian berkenaan tenaga angin luar pesisir di Malaysia 

adalah terhad sekarang. Kajian ini dilakukan untuk menganalisis sistem tenaga 

campuran angin luar pesisir dan solar yang bersambung ke grid secara tekno-

ekonomi dengan menggunakan perisian simulasi. Ini termasuk untuk mereka bentuk 

tenaga angin luar pesisir dan solar yang optima dengan kos semasa bersih dan kos 

tenaga yang minima berdasarkan beban tenaga kediaman di Malaysia dan analisis 

kepekaan terhadap sistem ini berdasarkan beberapa parameter utama. Kawasan untuk 

sistem tenaga angin luar pesisir dipilih dengan mengambilkira kekangan sistem 

terhadap kawasan luar pesisir di Malaysia. Didapati terdapat empat kawasan yang 

berkemungkinan untuk menghasilkan tenaga ini iaitu koordinat (2.36, 110.28) 

sebagai Zone 1, (3.94, 103.75) sebagai Zone 2, (5.73, 103.19) sebagai Zone 3 and 

(6.57, 117.90) sebagai Zone 4. Simulasi dibuat dengan menggunakan perisian 

HOMER dan sistem yang optima dipilih berdasarkan dua factor iaitu nilai NPC dan 

COE yang terendah. Projek ini akan menentukan prestasi sistem campuran tenaga 

angin luar pesisir dan solar yang disambung ke grid dalam terma keberkesanan kos, 

kemampanan sistem dan kebolehlaksanaan begitu juga kesan beban tenaga, kadar 

bunga dan kadar NEM terhadap sistem ini. Perbandingan antara hasil analisis di 

antara keempat-empat zon dilakukan untuk mengetahui faktor yang menyebabkan 

perbezaan dalam aspek ekonomi dan operasi sistem. Analisis kepekaan dilakukan 

untuk mengetahui kesan tiga parameter iaitu beban tenaga, kadar bunga dan nilai 

NEM terhadap aspek teknikal dam ekonomi sistem ini. Hasil dari simulasi 

menunjukkan semua parameter ini memberi kesan yang besar terhdap sistem operasi 

dan kos. Oleh itu, ia patut diambilkira dalam pertimbangan untuk melaksanakan 

sistem angin luar pesisir dan PV yang disambung ke grid di Malaysia 
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CHAPTER 1  

 

 

INTRODUCTION 

1.1 Introduction 

Energy plays a fundamental role in economic development of all countries. 

Each year, the world population increase and this affects the increase in energy 

consumption. As the current primary energy supply is from fossil fuel, this situation 

causes the rise in local pollution and global warming due to CO2 emission. In 

addition, the critical depletion rate in fossil fuel sets a challenging situation in energy 

supply. Thus, alternatives energy such as solar photovoltaic, wind, biomass and 

hydro are the best solution to mitigate both environmental and fossil fuel depletion 

issues.  

Malaysia's primary energy supply is mainly contributed by fossil fuel 

including petroleum, natural gas and coal and followed by renewable energy sources 

which are hydropower, biomass and solar energy.  Even there is a significant 

difference between fossil fuel and renewable energy which is more than 85 percent, 

but still, there is a slight decrease in fossil percentage in the energy mix as being 

replaced by renewable energy from 1996 to 2016 [2]. This is due to Malaysia’s effort 

on promoting sustainable energy in order to meet the energy demand at the same 

time minimizes the environmental impacts such as greenhouse gas emission and 

climate change.  Renewable energy policy has been started from 2001 in 8th 

Malaysia  Plan on introducing renewable energy as the fifth fuel. Starting from this, 

many policy and incentives were launched by government of Malaysia to promote 

renewable energy [30]. However, the renewable energy targets have not been 

achieved by current renewable energy sources. in addition, government of Malaysia 

continuously assessing in wind energy in order to include it into the energy policy. 
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1.2 Problem Statement 

Wind energy is one of the renewable energy sources which is abundant and 

clean. Since the 1990s, many research works have been done in investigating the 

potential of wind energy in Malaysia [3]. In order to harvest wind energy, the area 

must have relatively high average wind speed which is more than the turbine cut-in 

speed which is typically 3 m/s as for rotating the wind turbine [4]. The average wind 

speed in Malaysia is under low category and only certain locations such as Mersing, 

Kudat, Langkawi and Tioman Island which have wind speed above 3 m/s for height 

above 30 m [5-11]. The analysis study of hybrid wind with other alternative energy 

sources shown that the cost of energy is lower at high potential locations that have 

high wind speed that is more than 3 m/s and more energy can be harvested from 

wind compare to PV for the same land area [12-17]. However, the energy that can be 

harvested from this high potential area cannot meet Malaysia's energy needs. Thus, 

since offshore wind typically has higher wind speed compared to the onshore, it has 

the possibility to be one of the renewable energy sources in Malaysia. Previous 

analysis study related to offshore wind energy in Malaysia reveals that this energy 

system can generate a lower cost of energy compared to onshore wind systems [18]. 

However, this study only analyses solely on offshore wind energy without 

considering any hybrid system which could have various advantages. It also only 

includes feed-in-tariff for economic and sensitivity analysis without considering 

green incentives offered by the government under MyHIJAU programme. This 

project is to fill the existing gap of the stated area regarding the offshore wind hybrid 

system which includes the current policy and incentives offered by the government 
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1.3 Objective 

The objectives of this project are: 

i. To evaluate the techno-economic performance of offshore wind/PV hybrid 

systems by using simulation software. 

ii. To determine the optimized design of offshore wind/PV hybrid system with 

minimum net present cost (NPC) and cost of energy (COE) that can cover all 

or a part of the total Malaysia load. 

iii. To perform the sensitivity analysis of offshore wind/PV hybrid systems based 

on variation in loads, interest rate and net energy metering rate. 

1.4 Scope of Work 

This research includes a detailed study of the offshore wind energy system in 

Malaysia. The South China Sea and Malacca Strait's wind characteristics were 

studied by using a relevant wind forecasting website to know the pattern of the wind 

speed and direction before deciding the best location for harvesting the wind energy. 

The PV system was then set up at the coast near the offshore wind system location 

which would require the coast solar radiation and clearness index data. HOMER Pro 

software will be used to simulate all the data to analyse the feasibility of offshore 

wind and PV hybrid systems in Malaysia. The cost analysis was performed under 

Malaysia circumstances which include the tax and currency exchange 

  



 

4 

1.5 Outcome 

This work produces the following outcomes: 

i. The energy analysis of offshore wind/PV hybrid systems based on the 

selected technical aspects. 

ii. The techno economic analysis of offshore wind/PV hybrid systems based on 

current Malaysia policies and incentives. 

iii. The sensitivity analysis of the cost of energy of the hybrid system after 

variation of loads, interest rate and NEM. 



 

81 

REFERENCES 

1) IEA, Southeast Energy Asia Outlook 2015, World Energy Outlook Special 

Report, International Energy Agency (IEA), 2015. Available from: https:// 

www.iea.org/publications/freepublications/publication/WEO2015_SouthEast

Asia.pdf. 

2) Malaysia Energy Statistic Handbook 2018, Suruhanjaya Tenaga. 

3) L.-W Ho, “Wind energy in Malaysia: Past, present and future”, (2016) 

Renewable and Sustainable Energy Reviews, 53, pp. 279-295. 

4) Felix A. Farret, M. Godoy Simões, "Integration of Alternative Sources of 

Energy," in Integration of Alternative Sources of Energy, IEEE, 2006. 

5) Izadyar N., Ong H.C., Chong W.T., Mojumder J.C., Leong K.Y, 

“Investigation of potential hybrid renewable energy at various rural areas in 

Malaysia”, (2016) Journal of Cleaner Production, 139, pp. 61-73.  

6) Albani A., Ibrahim M.Z., Yong K.H, “Influence of the ENSO and Monsoonal 

Season on Long-TermWind Energy Potential in Malaysia”, (2018) Energies, 

11 (11). 

7) Kadhem A.A., Wahab N.I.A., Abdalla A.N, “Wind energy generation 

assessment at specific sites in a Peninsula in Malaysia based on reliability 

indices”, (2019) Processes, 7 (7). 

8) Sanusi N., Zaharim A., Mat S, “Wind energy potential: A case study of 

mersing, Malaysia”, (2016) ARPN Journal of Engineering and Applied 

Sciences, 11 (12), pp. 7712-7716. 

9) Albani A., Ibrahim M.Z., “Wind energy potential and power law indexes 

assessment for selected near-coastal sites in Malaysia”, (2017) Energies, 10 

(3), art. no. 307. 

10) Lawan S.M., Abidin W.A.W.Z., Masri T., Chai W.Y., Baharun A., “Wind 

power generation via ground wind station and topographical feedforward 

neural network (T-FFNN) model for small-scale applications”, (2017) Journal 

of Cleaner Production, 143, pp. 1246-1259. 

11) Ahmad A.S., Yusuf M.A.M., Majid M.S., Rahman H.A., Hassan M.Y., 

“Wind power harnessing based on Senai meteorological data, Malaysia”, 



 

82 

(2018) International Journal of Computational Intelligence in Control, 10 (1), 

pp. 7-16. 

12) Muda W.M.W., Umar R., “Assessment of economic feasibility for grid-

connected renewable energy system for a household application in 

Terengganu”, (2016) International Journal of Energy Production and 

Management, 1 (3), pp. 223-232.  

13) Shezan Sk.A., Saidur R., Ullah K.R., Hossain A., Chong W.T., Julai S., 

“Feasibility analysis of a hybrid off-grid wind-DG-battery energy system for 

the eco-tourism remote areas”, (2015) Clean Technologies and 

Environmental Policy, 17 (8), pp. 2417-2430. 

14) Basir Khan M.R., Jidin R., Pasupuleti J., Shaaya S.A., “Optimal combination 

of solar, wind, micro-hydro and diesel systems based on actual seasonal load 

profiles for a resort island in the South China Sea”, (2015) Energy, 82, pp. 

80-97. 

15) Mohamed A., Khatib T., “Optimal sizing of a PV/wind/diesel hybrid energy 

system for Malaysia”, (2013) Proceedings of the IEEE International 

Conference on Industrial Technology, art. no. 6505766, pp. 752-757. 

16) Shezan S.A., Julai S., Kibria M.A., Ullah K.R., Saidur R., Chong W.T., 

Akikur R.K., “Performance analysis of an off-grid wind-PV (photovoltaic)-

diesel-battery hybrid energy system feasible for remote areas”, (2016) Journal 

of Cleaner Production, 125, pp. 121-132. 

17) Hossain M., Mekhilef S., Olatomiwa L., “Performance evaluation of a stand-

alone PV-wind-diesel-battery hybrid system feasible for a large resort center 

in South China Sea, Malaysia”, (2017) Sustainable Cities and Society, 28, pp. 

358-366. 

18) Ibrahim, M.Z., Lafsah, M.D., Albani, A., “WWS hybrid tri-renewable power 

system to generate electricity (WWS: Wave.Wind.Solar)”, (2015) Advanced 

Science Letters, 21 (12), pp. 3632-3634.  

19) SEDA, Renewable Energy Programmes in Malaysia, 

http://www.seda.gov.my/about-seda/re-programmes/. 

20) Hashmi, R., Alam, K., “Dynamic relationship among environmental 

regulation, innovation, CO2 emissions, population, and economic growth in 

OECD countries: A panel investigation”, (2019) Journal of Cleaner 

Production, 231, pp. 1100-1109. 



 

83 

21) Mardani A., Streimikiene D., Cavallaro F., Loganathan N., Khoshnoudi M., 

“Carbon dioxide (CO2) emissions and economic growth: A systematic review 

of two decades of research from 1995 to 2017”, (2019) Science of the Total 

Environment, 649, pp. 31-49. 

22) BP (2019), BP Statistical Review of World Energy, London, UK: 

https://www.bp.com/en/global/corporate/energy-economics/statistical-

review-of-world-energy.html 

23) IRENA, Trends in Renewable Energy, https://www.irena.org/Statistics/View-

Data-by-Topic/Capacity-and-Generation/Statistics-Time-Series. 

24) Dincer I., Acar C., “A review on clean energy solutions for better 

sustainability”, (2015) International Journal of Energy Research, 39 (5), pp. 

585-606. 

25) GWEC, Global Wind Report 2018, https://gwec.net/global-wind-report-2018/ 

26) Caglayan D.G., Ryberg D.S., Heinrichs H., LinBen J., Stolten D., Robinius 

M., “The techno-economic potential of offshore wind energy with optimized 

future turbine designs in Europe (2019) Applied Energy, 255. 

27) Vagiona D.G., Kamilakis M., “Sustainable site selection for offshore wind 

farms in the South Aegean-Greece”, (2018) Sustainability (Switzerland), 10 

(3), art. no. 749. 

28) Schallenberg-Rodriguez J., Garcia Montesdeoca N., “Spatial planning to 

estimate the offshore wind energy potential in coastal regions and islands. 

Practical case: The Canary Islands”, (2018) Energy, 143, pp. 91-103. 

29) United Nation Development Programme, Sustainable Development Goal, 

http://www.undp.org/content/undp/en/home/sustainable-development-

goals.html 

30) Chua S.C., Oh T.H., “Solar energy outlook in Malaysia”, (2012) Renewable 

and Sustainable Energy Reviews, 16 (1), pp. 564-574. 

31) Chua, S. C., T. H. Oh, and W. W. Goh. 2011. “Feed-In Tariff Outlook in 

Malaysia.” Renewable and Sustainable Energy Reviews 15 (1): 705–712. 

32) SEDA, Feed-in-Tariff, http://www.seda.gov.my/reportal/fit/. 

33) Muhammad-Sukki F., Ramirez-Iniguez R., Abu-Bakar S.H., McMeekin S.G., 

Stewart B.G., “An evaluation of the installation of solar photovoltaic in 

residential houses in Malaysia: Past, present, and future”, (2011) Energy 

Policy, 39 (12), pp. 7975-7987. 



 

84 

34) SEDA, National Survey Report of PV Power Applications in Malaysia 2016. 

http://iea-pvps.org/. 

35) Trading Economics, Malaysia Interest Rate and Malaysia Inflation Rate, 

https://tradingeconomics.com/malaysia. 

36) M.R. Islam, R. Saidur, N.A. Rahim, “Assessment of wind energy potentiality 

at Kudat and Labuan, Malaysia using Weibull distribution function”, Energy, 

Volume 36, Issue 2, 2011, Pages 985-992. 

37) Chiang E P, Zainal Z A, Aswatha Narayana P  A and Seetharamu K N, 

“Potential of renewable wave and offshore wind energy sources in Malaysia”, 

In: marine technology seminar; 2003. 

38) S. Mekhilef and D. Chandrasegaran, "Assessment of off-shore wind farms in 

Malaysia," TENCON 2011 - 2011 IEEE Region 10 Conference, Bali, 2011, 

pp. 1351-1355. 

39) Albani, A., Ibrahim, M. Z., & Yong, K. H, “The feasibility study of offshore 

wind energy potential in Kijal, Malaysia”, The New Alternative Energy 

Source Exploration in Malaysia. Energy Exploration & Exploitation, 32(2), 

329–344, 2014. 

40) Ahmad Zaman A.A., Hashim F.E. and Yaakob O., “Satellite-Based Offshore 

Wind Energy Resource Mapping in Malaysia”, Journal of Marine Science 

and Application, 18 (1), pp. 114-121, 2019. 

41) K. Sopian, M.Y.Hj. Othman and A. Wirsat, “The wind energy potential of 

Malaysia”, Renewable Energy, Volume 6, Issue 8, 1995. 

42) Shamshad A., Bawadi M.A., Wan Hussin W.M.A. and Taksiah A.M, 

“Analysis of prevailing wind speed and direction for wind energy potential at 

windy site in Malaysia”, (2007) International Journal of Ecodynamics, 2 (1), 

pp. 10-23. 

43) Muzathik A.M., Wan Nik W.B., Ibrahim M.Z. and Samo K.B., “Wind 

resource investigation of Terengganu in the west Malaysia”, (2009) Wind 

Engineering, 33 (4), pp. 389-402. 

44) N. Masseran, A.M. Razali, K. Ibrahim and W.Z. Wan Zin, “Evaluating the 

wind speed persistence for several wind stations in Peninsular Malaysia”, 

Energy, Volume 37, Issue 1, 2012, Pages 649-656. 

45) Islam M.R., Rahim N.A., Solangi K.H. and Saidur R., “Assessing wind 

energy potentiality for selected sites in Malaysia”, (2012) Energy Education 



 

85 

Science and Technology Part A: Energy Science and Research, 29 (1), pp. 

611-626. 

46) Masseran N., Razali A.M., Ibrahim K., Zin W.Z.W., Zaharim A., “On spatial 

analysis of wind energy potential in Malaysia”, (2012) WSEAS Transactions 

on Mathematics, 11 (6), pp. 467-477. 

47) Tiang T.L., Ishak D., “Technical review of wind energy potential as small-

scale power generation sources in Penang Island Malaysia”, (2012) 

Renewable and Sustainable Energy Reviews, 16 (5), pp. 3034-3042. 

48) Akorede M.F., Mohd Rashid M.I., Sulaiman M.H., Mohamed N.B., and Ab 

Ghani S.B., “Appraising the viability of wind energy conversion system in 

the Peninsular Malaysia”, (2013) Energy Conversion and Management, 76, 

pp. 801-810. 

49) Albani A., Ibrahim M.Z., Hamzah M.H.M., “Assessment of wind energy 

potential based on METAR data in Malaysia”, (2013) International Journal of 

Renewable Energy Research, 3 (4), pp. 959-968. 

50) Ibrahim M.Z., Yong K.H., Ismail M., Albani A. and Muzathik A.M., “Wind 

characteristics and gis-based spatial wind mapping study in Malaysia”, 

(2014) Journal of Sustainability Science and Management, 9 (2), pp. 1-20. 

51) Albani A., Ibrahim M.Z., Taib C.M.I.C. and Azlina A.A., “The optimal 

generation cost-based tariff rates for onshore wind energy in Malaysia”, 

(2017) Energies, 10 (8), art. no. 1114. 

52) Ye B., Jiang J., and Cang Y., “Technical and economic feasibility analysis of 

an energy and fresh water coupling model for an isolated island”, (2019) 

Energy Procedia, 158, pp. 6373-6377. 

53) Jose Luz Silveira, Celso Eduardo Tuna, Wendell de Queiroz Lamas, “The 

need of subsidy for the implementation of photovoltaic solar energy as 

supporting of decentralized electrical power generation in Brazil”, Renewable 

and Sustainable Energy Reviews, Volume 20, 2013, Pages 133-141. 

54) L. El Chaar, L.A. lamont, N. El Zein, “Review of photovoltaic technologies”, 

Renewable and Sustainable Energy Reviews, Volume 15, Issue 5, 2011, 

Pages 2165-2175. 

55) Jinqing Peng, Lin Lu, Hongxing Yang, “Review on life cycle assessment of 

energy payback and greenhouse gas emission of solar photovoltaic systems”, 



 

86 

Renewable and Sustainable Energy Reviews, Volume 19, 2013, Pages 255-

274. 

56) Tanima Bhattacharya, Ajoy K. Chakraborty, and Kaushik Pal, “Effects of 

Ambient Temperature and Wind Speed on Performance of Monocrystalline 

Solar Photovoltaic Module in Tripura, India,” Journal of Solar Energy, vol. 

2014, Article ID 817078, 5 pages, 2014. 

57) Julia Mundo-Hernández, Benito de Celis Alonso, Julia Hernández-Álvarez, 

Benito de Celis-Carrillo, “An overview of solar photovoltaic energy in 

Mexico and Germany”, Renewable and Sustainable Energy Reviews, Volume 

31, 2014. 

58) M. Hosenuzzaman, N.A. Rahim, J. Selvaraj, M. Hasanuzzaman, A.B.M.A. 

Malek, A. Nahar, “Global prospects, progress, policies, and environmental 

impact of solar photovoltaic power generation”, Renewable and Sustainable 

Energy Reviews, Volume 41, 2015. 

59) Priscila Gonçalves Vasconcelos Sampaio, Mario Orestes Aguirre González, 

“Photovoltaic solar energy: Conceptual framework”, Renewable and 

Sustainable Energy Reviews, Volume 74, 2017. 

60) IEA, Technology Roadmap - Wind Energy 2013, 

https://webstore.iea.org/technology-roadmap-wind-energy-2013 

61) M.R. Islam, S. Mekhilef, R. Saidur, “Progress and recent trends of wind 

energy technology”, Renewable and Sustainable Energy Reviews, Volume 

21, 2013. 

62) Esteban M.D., Diez J.J., López J.S., and Negro V., “Why offshore wind 

energy?”, Renew Energy 2011;36:444–50. 

63) Pérez-Collazo C, Greaves D, and Iglesias G., “A review of combined wave 

and off-shore wind energy”, Renew Sustain Energy Rev 2015;42:141–53. 

64) Chuang M.T., Chang S.Y., Hsiao T.C., Lu Y.R., and Yang T.-Y., “Analyzing 

major renewable energy sources and power stability in Taiwan by 2030”, 

(2019) Energy Policy, 125, pp. 293-306. 

65) Gutierrez-Romero J.E., Esteve-Pérez J., and Zamora, B., “Implementing 

Onshore Power Supply from renewable energy sources for requirements of 

ships at berth”, (2019) Applied Energy, 255, art. no. 113883. 

66) Zeng, Z., Ziegler, A., Searchinger, T., Yang, L., Chen, A., Ju, K., Piao, S., Li, 

L., Ciais, P., Chen, D., Liu, J., Azorin-Molina, C., Chappell, A., Medvigy, D., 



 

87 

& Wood, E., “A reversal in global terrestrial stilling and its implications for 

wind energy production.”, (2019), Nature Climate Change, 9(12), 979–985. 

67) NASA Study Finds Increasing Solar Trend That Can Change Climate, 

https://www.sciencedaily.com/releases/2003/03/030321075236.htm. 

68) Hussein M.K. Al-Masri, Ahmad AbuElrub, Abdullah A. Almehizia, Mehrdad 

Ehsani, “Multi-figure of merit optimization for global scale sustainable power 

systems”, Renewable Energy, Volume 134, 2019. 

69) Alharthi, Y.Z.; Siddiki, M.K.; Chaudhry, G.M. “Resource Assessment and 

Techno-Economic Analysis of a Grid-Connected Solar PV-Wind Hybrid 

System for Different Locations in Saudi Arabia”. Sustainability 2018, 10, 

3690. 

70) M. Boussetta, R. El Bachtiri, M. Khanfara, K. El Hammoumi, “Assessing the 

potential of hybrid PV–Wind systems to cover public facilities loads under 

different Moroccan climate conditions”, Sustainable Energy Technologies 

and Assessments, Volume 22, 2017. 

71) E. C. Okonkwo, C. F. Okwose, S. Abbasoglu, “Techno-Economic analysis of 

the potential utilization of a hybrid PV-wind turbine system for commercial 

buildings in Jordan”, (2017) International Journal of Renewable Energy 

Research, 7 (2) , pp. 908-914. 

72) Al-Masri H.M., Ehsani M., “Feasibility Investigation of a Hybrid On-Grid 

Wind Photovoltaic Retrofitting System”, (2016) IEEE Transactions on 

Industry Applications, 52 (3) , art. no. 7368931 , pp. 1979-1988. 

73) Malaysian Maritime Enforcement Agency (MMEA), 

https://www.mmea.gov.my/. 

74) Jabatan Laut Malaysia, http://www.marine.gov.my/jlmv4/ms/page/sistem-

laluan-kapal. 

75) Statistica, “Household electricity consumption per capita in Malaysia from 

2000 to 2016”, https://www.statista.com/statistics/597964/household-

consumption-of-electricity-per-capita-in-malaysia/. 

76) Department of Statistics Malaysia, Selected Demographic Indicators 

Malaysia, 2019, https://www.dosm.gov.my/. 

77) Bhandari R., Kumar B., Mayer F, “Life Cycle Greenhouse Gas Emission 

from Wind Farms in Reference to Turbine Sizes and Capacity Factors”, 

(2020) Journal of Cleaner Production. 



 

88 

78) Abdulrahman M., Wood D., “Investigating the Power-COE trade-off for wind 

farm layout optimization considering commercial turbine selection and hub 

height variation”, (2017) Renewable Energy, 102, pp. 267-278 


	sitiasmahmke181017d21ttt-print.pdf



