DAFTAR PUSTAKA

[1] Bazilian M, Nussbaumer P, Rogner H-H, Brew-Hammond A, Foster V,
Pachauri S, et al. Energy access scenarios to 2030 for the power sector
in sub-Saharan Africa. Uti Policy 2012;20:1-16.

[2] Hasmatuchi V. Hydrodynamics of a pump-turbine operating at off-design
condi- tions in generating mode [Ph.D. Thesis]. Lausane, Suiss: Ecole
Polytechnique de Lausanne (EPFL); 2012.

[3] Saxena P. Overview of small hydro power development in India
Himalayan small Hydro Power Summit, Dehradun; 2006.

[4] International Hydropower Association ICoLD. Implementing Agreement
on Hydropower Technologies and Programmes/International Energy
Agency, Canadian Hydropower Association. Hydropower and the
world’s energy future; 2000.

[5] Ismail MA, Othman AK, Islam S, Zen H. End suction centrifugal pump
operating in turbine mode for microhydro applications. Adv Mech
Eng 2014;6:139868.

[6] Mishra S, Singal SK, Khatod DK. Optimal installation of small
hydropower plant— a review. Renew Sustain Energy Rev
2011,15:3862-9.

[7] Kaunda CS, Kimambo CZ, Nielsen TK. A technical discussion on
microhydropower technology and its turbines. Renew Sustain Energy
Rev 2014;35:445-59.

[8] Nwosu C, Madueme T. Recycled micro hydropower generation using
hydraulic ram pump/ n (HYDRAM). IMPACT Int J Res Eng Technol
(IMPACT IJRET) 2013;1:1-10.

[9] Kueny J. PART | Objectives for small hydro technology. Grenaoble,
France: Institute National Polytechnique de Grenaoble; 2003. p. 1-35.

[10] Williams A. Pumps as turbines for low cost micro hydro power.
Renew Energy 1996;9:1227-34.

[11] Teuteberg B Design of a pump-as-turbine for an abalone farm. fina
report for mechanical project. 878.

[12] Motwani K, Jain S, Patel R. Cost analysis of pump as turbine for pico
hydropower plants — a case study. Procedia Eng 2013;51:721-6.


http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref1
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref1
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref1
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref1
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref1
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref2
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref2
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref2
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref2
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref2
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref2
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref11
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref11
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref11
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref11
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref15
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref15
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref15
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref15
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref5
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref5
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref5
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref5
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref16
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref16
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref16
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref16
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref16
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref18
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref18
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref18
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref21
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref21
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref21
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref22
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref22
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref22

69

[13] Kusakana K. A survey of innovative technologies increasing the viability
of micro- hydropower as a cost effective rural electrification option in
South Africa. Renew Sustain Energy Rev 2014,37:370-9.

[14] Giugni M, Fontana N, Portolano D. Energy saving policy in water
distribution networks. Renew Energy Power Qual J 2009;7:1-6.

[15] Daniela Popescu AD, Rusinaru Denisa. Study of centrifugal pump
operating as turbine in small hydropower plants. wseas conference:
recent researches of electric power and energy systems; 2013. p. 285-8.

[16] Singh R, Gupta Rishabh, Singh Anuraag, Subbarao PMV. Guided pump-
as- turbine: design and development for pico-level energy generation.
Int JAppl Res Mech Eng 2013;3:71-6.

[17] Ranjitkar G, Huang J, Tung T. Application of micro-hydropower
technology for remote regions. EIC Clim Change Technol 2006:1-10.

[18] Arriaga M. Pump as turbine — a pico-hydro alternative in Lao People's
Democratic Republic. Renew Energy 2010;35:1109-15.

[19] Maher P, Smith N, Williams A. Assessment of pico hydro as an option
for off-grid electrification in Kenya. Renew Energy 2003;28:1357—-69.

[20] GTZ N. Micro-hydropower factsheet, GTZ-MHP project. Indonesia
Jakarta Pusat; 1999.

[21] Singh P, Rao A, Ramasubramaniam V, Kumar A. Performance
evaluation of the ‘pump as turbine’based micro hydro project in Kinko
village, Tanzania. Himalaya small hydropower summit; 2006, 156—7.

[22] Hydropower from pump as turbines. World pumps, 2012.
(http://csmres.co.uk/ cs.public.upd/article-downloads/Hydropower-from-
pumps-asturbines.pdf).

[23] Bachtiar, A. N., Pohan, A. F., Ervil, R., Nofriadiman, Santosa, Berd, I.,
Dinata, U. G. S., 2021. Effect of geometric differences impeller blades on
performance blower-as-turbine (BAT) on pico-hydro scale. International
Journal of Renewable Energy Research. 11, 1124-1134.

[24] Bachtiar, A. N., Pohan, A. F., Yusti, I., Ervil, R., Santosa, Berd, I., Dinata, U.
G. S, 2020. Effect of head variations on performance four sizes of blowers
as turbines (BAT). International Journal of Renewable Energy Research. 10,
343 - 353.

[25] Dinata, U. G. S, Hasan, A., Fithri, P., Suresti, A., and Wati, R., 2024.
Analysis of a portable generator turbine for small and medium industry by


http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref23
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref23
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref23
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref23
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref23
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref23
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref23
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref24
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref24
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref24
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref25
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref25
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref25
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref25
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref25
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref26
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref26
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref26
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref31
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref31
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref31
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref32
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref32
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref32
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref32
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref32
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref33
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref33
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref33
http://csmres.co.uk/cs.public.upd/article-downloads/Hydropower-from-pumps-asturbines.pdf
http://csmres.co.uk/cs.public.upd/article-downloads/Hydropower-from-pumps-asturbines.pdf
http://csmres.co.uk/cs.public.upd/article-downloads/Hydropower-from-pumps-asturbines.pdf

70

using a business model approach. Qual.-Access Success, vol. 25, no. 200,
pp. 274-280.

[26] Bachtiar, A. N., Pohan, A. F., Santosa, Berd, |., Dinata, U. G. S., 2019.
Performance on compressor as turbine (CAT) on pico hydro scale.
International Journal of Renewable Energy Research. 9, 2073 — 2081.

[27] Hizhar, Y., Dinata, U. G. S., Saputra, D. A., and Suryadi, A., 2026.
Experimental study of head variations on the mechanical performance of a
compressor as turbine (CAT). Journa of Physics. Conference Series 3186
(2026) 012047, 10P Publishing.

[28] Paish, O., 2002. Micro-hydropower: status and prospects. Proc Inst Mech
Eng, Part A: J Power Energy; 216:31-40.

[29] Caravetta, A., Derakhshan, S., Ramos, H., 2018. Pumps as Turbines:
Fundamentals and Applications. Springer.

[30] Jain, S. V., Patel, R. N., 2014. Investigations on pump running in
turbine mode: a review of the state-of-the-art. Renew Sustain Energy
Rev: 30, 841-868.

[31] Orchard, B., Klos, S., 2009. Pumps as turbines for water industry. World
Pumps. 2009:22-23.

[32] Chapallaz, M, Eichenberger, P., Fischer, G., 1992. Manual on pumps
used asturbines. Vieweg.

[33] Fraenkel, P., Paish, O., Bokalders, V., Harvey, A., Brown, A., Edwards,
R., 1991. Micro-hydro power, a guide for development workers.
London, UK: Intermediate Technology Publications Ltd.

[34] Derakhshan, S., Nourbakhsh, A., 2008. Theoretical, numerical and
experimental investigation of centrifugal pumps in reverse operation.
Exp Therm Fluid Sci; 32:1620-1627.

[35] Lueneburg, R., Nelson, R., 1992. Hydraulic power recovery turbines.
Centrifugal pumps design and application, second ed. Houston, US: Gulf
Publishing Company.

[36] Fernandez, J., Blanco, E., Parrondo, J., Stickland, M., Scanlon, T., 2004.
Performance of a centrifugal pump running in inverse mode. Proc Inst
Mech Eng Part A: J Power Energy; 218:265-271.

[37] Nautiyal, H., Varun, V., Kumar, A., Yadav, S.Y.S,, 2011. Experimental
investigation of centrifugal pump working as turbine for small
hydropower systems. Energy Sci Technol; 1:79-86.


http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref37
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref37
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref37
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref14
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref14
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref14
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref14
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref28
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref28
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref28
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref43
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref43
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref43
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref44
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref44
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref44
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref44
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref44
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref30
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref30
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref30
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref30
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref30
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref38
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref38
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref38
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref38
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref45
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref45
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref45
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref45
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref45
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref46
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref46
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref46
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref46
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref46

71

[38] M. P. Boyce, Centrifugal Compressors. A Basic Guide, Tulsa: PennWell
Corporation, 2003.

[39] R. Van den Braembussche, Design and Analysis of Centrifugal Compressors,
Hoboken: Wiley, 2019.

[40] P. M. Came and C. J. Robinson, "Centrifugal Compressor Design,"
Proceedings of the Institution of Mechanical Engineers, Part C: Journal of
Mechanical Engineering Science, vol. 213, no. 2, pp. 139-155, 1999.

[41] M. Anbarsooz and C. Xu, "Design and Fluid Dynamics of Volutes in
Centrifugal Compressors: A Comprehensive Review," Proceedings of the
Institution of Mechanical Engineers, Part G: Journal of Aerospace
Engineering, 2025.

[42] Noubakhsh, A., Derakhshan, S., Javidpour, E., Riasi, A., 2010. Centrifuga
and axial pumps use as turbines in small hydropower stations. Hidroenergia
International Congress on Small Hydropower International Conference and
Exhibition on Small Hydropower, 16-19.

[43] Sharma, K.R., 1985. Small Hydroelectric Project-Use of Centrifugal Pumps
as Turbines. Technical Report. Bangalore, India.

[44] Williams, A. A., 1992. Pumps as turbines used with induction generators for
stand-alone micro-hydroelectric power plants, Doctoral dissertation,
Nottingham Trent University, URL:
http://ethos.bl.uk/OrderDetails.do?uin=uk.bl.ethos.262127

[45] Alatorre-Frenk, C., 1994. Cost minimisation in micro-hydro systems using
pumps-as-turbines, Doctoral dissertation, University of Warwick, URL:
http://wrap.warwick.ac.uk/36099/ 1I/WRAP_THESIS Alatorre-
Frenk_1994.pdf

[46] Ramos, H., Borga, A., 1999. Pumps as turbines. an unconventional solution
to energy production. Urban Water 1 (3), 261-263.

[47] Ramos, H., Borga, A., 2000. Pumps yielding power. Dam Eng. 10(4), 197-
217.

[48] Vadadas, M., Ramos, H., 2003. Use of pumps as turbines to profit the
available energy in irrigation system. Water Resour. J. APRH. 24(3), 63—
76.

[49] Singh, P., 2000. Establishment of a test-rig for turbine for micro hydro and
detailed testing of a pump as turbine, Centre for Energy Studies, Indian
Institute of Technology, New Delhi, India.


http://ethos.bl.uk/OrderDetails.do?uin=uk.bl.ethos.262127
http://wrap.warwick.ac.uk/36099/1/WRAP_THESIS_Alatorre-Frenk_1994.pdf
http://wrap.warwick.ac.uk/36099/1/WRAP_THESIS_Alatorre-Frenk_1994.pdf
http://wrap.warwick.ac.uk/36099/1/WRAP_THESIS_Alatorre-Frenk_1994.pdf

72

[50] Singh, P., 2005. Optimization of the internal hydraulic and of system design
in pumps as turbines with field implementation and evaluation, Doctora
dissertation, University of Fridericiana, Karlsruhe, Germany.

[51] Derakhshan, S., Nourbakhsh, A., 2008. Experimental study of characteristic
curves of centrifugal pumps working as turbines in different specific speeds.
Exp. Therm. Fluid Sci. 32 (3), 800-807.

[52] Yang, S.-S., Derakhshan, S., Kong, F.-Y., 2012. Theoretical, numerical and
experimental prediction of pump as turbine performance. Renew. Energy
48, 507-513.

[53] Binama, M., Su, W.-T., Li, X.-B., Li, F.-C., Wsd, X.-Z., An, S., 2017.
Investigation on pump as turbine (PAT) technical aspects for micro
hydropower schemes. A state-of-the-art review. Renewable and Sustainable
Energy Reviews: 79, 148-179.

[54] Stepanoff, A.J.,, 1957. Centrifugal and axial flow pumps, design and
applications. New Y ork: John Wiley and Sons, Inc.

[55] Childs, S., 1962. Convert pumps to turbines and recover HP. Hydrocarb
Process Pet Refin: 41:173-174.

[56] Sharma, R.K., 1984. Small hydroelectric projects—use of centrifugal
pumps as turbines. Bangalore, India: Kirloskar Electric Co.

[57] Gopalakrishnan, S., 1986. Power recovery turbines for the process
industry. Proceedings of the third international pump symposium
[Houston]. Texas A & M University: 3-11.

[58] Grover, K., 1982. Conversion of pumps to turbines. Katonah, New Y ork:
GSA Inter corp.

[59] Fernandez, J., Barrio, R., Blanco, E., Parrondo, J., Marcos, A., 2010.
Numerical investigation of a centrifugal pump running in reverse
mode. Proc Inst Mech Eng Part A: J Power Energy, 224: 373-381.

[60] Fernandez, J., Blanco, E., Parrondo, J., Stickland, M., Scanlon, T., 2004.
Performance of a centrifugal pump running in inverse mode. Proc Inst
Mech Eng Part A: J Power Energy, 218: 265-271.

[61] Dixon, S. L., & Hall, C. A. (2014). Fluid Mechanics and Thermodynamics of
Turbomachinery. 7th Edition. Butterworth-Heinemann.

[62] Kumar, M. V., Reddy, T. S, Sarda, P., Varma, P. S., Chandra Sekhar, O.,
Babqi, A., Alharbi, Y., Alamri, B., & Reddy, C. R. (2022). Experimental
investigation and performance characteristics of Francis turbine with


http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref54
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref54
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref54
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref54
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref54
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref55
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref55
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref55
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref55
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref56
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref56
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref56
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref58
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref58
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref81
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref81
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref81
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref81
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref81
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref45
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref45
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref45
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref45
http://refhub.elsevier.com/S1364-0321(17)30573-7/sbref45

73

different guide vane openings in hydro distributed generation power plants.
Energies, 15(18), 6798.

[63] International Electrotechnica Commission (IEC). (2019). IEC 60193:
Hydraulic Turbines, Storage Pumps and Pump-Turbines—Model
Acceptance Tests. Geneva: 1EC.

[64] Mosonyi, E. (1991). Water Power Development, Volume |: Low Head Power
Plants. Akademial Kiado.

[65] Whitfield, A., & Baines, N. C. (1990). Design of Radial Turbomachinery.
Longman Scientific & Technical.

[66] Garret Advancing Motion, Performance Catalogue Volume 9, 2022,
Torrance, CA.

[67] Alfath. M.R.R dan Adiwidodo, S., 2023. Pengaruh perubahan sudut sirip tepi
(tip fin) terhadap kinerjaturbin ulir. TURBO, 12 (2): 239-245.

[68] JCGM 100:2008 (2008). Evaluation of Measurement data — Guide to the
expression of uncertainty in measurement. JCGM.



