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 Background: Salinity and temperature differences between two bodies of water have 

been found useful in generating electricity. A new renewable energy system which is 
Ocean Salinity and Temperature Energy Conversion or OSTEC has been developed 

based on this principle. Theoretical prediction models which are Density Model and 

Viscosity Model have been formulated to perform power output prediction of OSTEC 
system. Using Viscosity Model, it was found that the power output from the system 

increases with higher salinity and temperature difference between the two types of 

water. With this, an OSTEC prototype is intended to be installed at the Jetty in 
Universiti Malaysia Sabah for testing demonstration and power output assessment. 

Objective: In this paper, an inverse calculation approach is used to determine the 

required OSTEC parameter to generate 0.5kW and 1kW of electricity using energy 
balance concept. The calculation approach on OSTEC model is performed by including 

the efficiencies of the appropriate selection of turbine runner and dynamo generator. 

Results: It was found that with other dimensions are fixed, the required up-tube 
diameter to produce 1kW of electricity is 0.12m compared to 0.09m for 0.5kW. This is 

corresponding to the increase of 33% in up-tube diameter to double the power output. 

Conclusion: This finding will be used as a guideline to construct the OSTEC prototype 
in the vicinity of University Malaysia Sabah. 
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INTRODUCTION 

 

The ocean which covers more than 70 % of the 

earth may provide huge potential resources of 

renewable energy. If properly harnessed, this clean 

energy resource might contribute towards meeting 

the increasing energy demand. To assess this 

potential, a number of initiatives are pursued by 

several governments such as New Zealand, United 

Kingdom, Australia, European Union, the United 

States, and Japan (Yaakob et al., 2006). As a 

consequence, in 2008, the first generation of 

commercial ocean energy devices - tidal stream 

generator known as SeaGen and wave energy 

converter known as Pelamis, were installed in the 

UK and Portugal, respectively (Esteban and Leary, 

2012). Among the energy from oceans such as ocean 

wave (Dinh and Kyoung, 2014; Jaswar et al., 2014; 

Wilberta et al., 2014), tide (Sanchez et al. 2014), sea 

water current (Akimoto et al. 2013) and temperature 

gradient (Morales et al., 2014), salinity gradient is 

the one less explored yet the prospect for electricity 

generation may be huge. 

Salinity difference or gradient between two 

types of fluids has been found useful to electrical 

power generation. The current practical saline power 

extraction methods are reverse electrodialysis (RED) 

(Branus, 2019; Hong et al. 2013; Hong and Chen, 

2014) and pressure-retarded osmosis (Kim et al., 

2012; Thelin et al., 2013; Helfer et al., 2013). Both 

of the methods rely on osmosis process with the aids 

of ion specific membranes. Nevertheless, as an 

option, Hydrocratic Generator (Pscheidt and Finley, 

2003) was later introduced to derive the power from 

the mixing of sea water and low-saline incoming 

water (or fresh water) without using membranes. It 

makes use of the upward buoyant force from the 

mixing of two different saline waters with same 

temperature, at certain vertical depth beneath ocean 

surface. 

The authors have recently introduced additional 

parameter into the Hydrocratic Generator system that 

may further excite the upward buoyant force of the 
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upstream water mixture, which is the temperature 

difference between two water bodies. This new 

system was named Ocean Salinity and Temperature 

Energy Conversion System or OSTEC (Lee et al., 

2012; Abd. Hamid et al., 2013; Lee et al., 2014). Sea 

water and incoming fresh water with different 

salinity and temperature are mixed in a vertical tube 

that submerged in certain depth of sea water, and this 

produces an upstream brackish mixture due to 

increased buoyant force. Electricity can be derived 

from the upstream water mixture by using 

appropriate turbine runner and dynamo generator. 

Two theoretical prediction models have been 

formulated to predict the power output from the 

OSTEC system which is Density Model (Lee et al., 

2012) and Viscosity Model (Abd. Hamid et al., 2013; 

Lee et al., 2014). Density model predicts the upwards 

flow velocity based on change of fluid density and 

subsequently estimates kinetic power output. It was 

soon studied that fluid viscosity would have effect on 

its flow velocity. The existing theoretical formulation 

was then refined by including coefficient of fluid 

dynamic viscosity and so the formulation was called 

Viscosity Model. It was found that higher energy 

increment can be obtained with higher temperature 

difference between the water bodies. 

Consequently, an OSTEC prototype is intended 

to be installed at the Jetty Platform in Universiti 

Malaysia Sabah (UMS) for testing demonstration and 

actual performance assessment. This paper concerns 

the determination of the OSTEC parametric design of 

the prototype. Inverse approach using energy balance 

is used to determine the appropriate physical 

dimensions that generate enough power output to the 

OSTEC upstream water mixture to produce 0.5 kW 

and 1.0 kW of useful electrical power. The 

considerations of the two electrical power outputs 

were selected for comparison for appropriate 

installation. 

 

1. Theoretical Background: 

Ocean Salinity and Temperature Energy 

Conversion (OSTEC) consist of a fresh water 

channeling system and an underwater apparatus 

which is a vertical rectangular column tube or up-

tube submerged in ocean sea water to a certain depth 

from the surface. Incoming fresh water is channeled 

through a smaller down-tube to the bottom of the 

vertical column. Figure 1 illustrates the schematic 

design of OSTEC model. In Figure 1, gravitational 

flow of incoming water is made to exit upwards 

throughout the outlet of down-tube (Point 3), inside 

the up-tube. When fresh water is channeled 

continuously and gravitationally into the up-tube, it 

tends to flow upwards to sea water surface (Point 2) 

due to lighter density. With existence of density 

difference between two bodies of water, certain 

amount of sea water is excited upwards and up-raise 

at the bottom of up-tube (Point 4). The mixing of sea 

water with fresh water forms continuum up-

streaming water mixture with certain upwards flow 

rate at the top of the up-tube. Electricity can be 

generated from upstream water mixture using hydro 

turbine runner and electrical dynamo generator fixed 

at the top of the up-tube. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1: Schematic design of OSTEC system. 

 

1.1 Formulation of Viscosity Model: 

As previously described, Viscosity Model (Lee 

et al., 2014) is a power output prediction model for 

OSTEC system where it integrates the effect of 

frictional loss due to viscous dissipation and pipe 

wall roughness, and also energy loss from the 

number of pipe fittings. Viscosity Model is mainly 

used to predict velocity of flowing water particularly 

incoming flow velocity of gravitational water flow. 

The effective hydraulic head of incoming water flow 

predicted by Viscosity Model can be written as 
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)( _____ FITTINGSUNKNOWNEMLVMfTVMe hhhh  .       (1) 

 

where hT is the theoretical hydraulic head, hf_VM 

and hL_EM_UNKNOWN_FITTINGS are the head loss caused 

by frictional drag and pipe fittings; respectively. 

With this effective hydraulic head of incoming fresh 

water, flow velocity V3_VM and flow rate of 

gravitational flow of fresh water Q3_VM at Point 3 

(refer to Figure 1) can be determined as, respectively 

 

VMeVM ghV __3 2 ,                                                 (2) 

 

and 

 

VMVM VAQ _33_3  .                                                     (3) 

 

As the incoming fresh water exits from down-

tube outlet (Point 3) and mixes with surrounding sea 

water, assumption is made that there is complete 

transfer of kinetic power from the incoming water to 

the surrounding sea water to enable continuous 

upward flowing of water mixture in the up-tube. 

Therefore, the flow rate of sea water flowing through 

Point 4 can be simplified as 
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where 3 and 4 are density of incoming water 

and sea water, and D3 and D4 are internal diameter of 

down-tube and up-tube, respectively. During the 

transfer of kinetic power from incoming water to 

surrounding sea water, the salinity and the 

temperature of the water mixture are changed. By 

having the flow rate of sea water entering at Point 4 

(Eq. (4)), the salinity of mixture at Point 2 can be 

determined as  

 

)/()( 4433_VM4442  QQQSS  .                          (5) 

 

where S4 is the salinity of sea water. Because of 

the two water bodies are having different 

temperature, the heat transfer happens between the 

mixing fluids to achieve heat equilibrium, and the 

temperature of the mixture at Point 2 can be 

expressed as 
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where m3 and m4 are the mass flow rate of fresh 

water at Point 3 and the mass flow rate of sea water 

at Point 4, while C3 and C4 are the specific heat of 

the incoming fresh water from Point 3 and the 

specific heat of sea water from Point 4, respectively. 

The volume flow rate at Point 2 is essential in 

predicting the kinetic power output. Since the only 

inlets to the top opening of up-tube (Point 2) are 

from down-tube outlet (Point 3) and opening at the 

bottom of up-tube (Point 4), the volume flow rate at 

Point 2 is the summation of the flow rate from Point 

3 and Point 4 which is 

 

4_32 QQQ VM  .             (7) 

 

By having the flow rate of water mixture at 

Point 2 and its respective salinity and temperature, 

the kinetic power output for the water mixture at the 

top of up-tube (Point 2) can be predicted as 
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1.2 Energy Balance Concept for Predicting 

Electrical Power Output from OSTEC: 

Electrical power can be harnessed from OSTEC 

system through several intermediate conversions as 

presented in Figure 2. Detail inspections of Figure 1 

and 2, it can be seen that the gravitational input 

energy of the fresh water at Point 3 can be converted 

to electricity through the energy transfer from the 

water mixture jet at Point 2 to the hydro turbine 

runner and finally to electrical dynamo generator.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2: The flow of energy in the OSTEC system. 
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E1 = The kinetic energy from the OSTEC at the sea water 

surface  
(Point 2 in Figure 1) become energy input to rotate  

water turbine runner 

 
E2 = Rotational energy output from the water turbine 

runner  

to spin the dynamo generator 
 

E3 = Electrical energy output from the OSTEC system 
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The two intermediate stages (water turbine 

runner and electrical dynamo generator) dissipate 

certain amount of energy due to efficiency issue. As 

a result, with the appropriate selection of water 

turbine runner and electrical dynamo generator at 

optimum conversion efficiencies, an inverse 

approach can be performed using Energy Balance 

Concept to quantify the required physical dimension 

of OSTEC model for generating 0.5 kW and 1.0 kW 

of electricity. Energy balance concept is based on 

energy efficiency of the intermediate converter 

devices where it is defined as the ratio of useful 

electricity output from the generating unit in a given 

time, to the energy input supplied to the unit at the 

same time duration as (Ahmadi et al., 2014; 

Proskuryakova and Kovalev, 2015; Oro et al. 2015) 
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,

,
, 

.            (9) 

Detail inspection of Figure 2 shows that kinetic 

energy from the OSTEC system at the sea water 

surface would become the energy input to rotate the 

water turbine runner, which is E1. Because of the 

turbine runner possesses certain percentage of 

conversion efficiency, therefore some energy is 

dissipated during the conversion and the remaining 

rotational energy output would be the energy input to 

spin the electrical dynamo generator, which is E2. 

Similarly, with the conversion efficiency of dynamo 

generator, there is certain amount of energy 

dissipation during the conversion. The remaining 

energy output from dynamo generator would be the 

electricity output generated from the OSTEC system, 

which is E3. Therefore, the electrical energy output 

E3 can be written as 

 

 dynamoEE 23  .                                     (10) 

 

where E2 is the rotational energy from turbine 

runner and dynamo is the conversion efficiency of 

dynamo generator, respectively. Therefore, the 

rotational energy E2 from turbine required to spin the 

dynamo generator can be written as 
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Consequently, the energy input E1 required to 

rotate the turbine runner to produce E2 energy comes 

from the kinetic energy of OSTEC at the sea water 

surface which can be expressed as 

 

 turbineEE 12  .                       (12) 

 

where turbine is the conversion efficiency of 

turbine runner. Thus, the required kinetic power 

input E1 from OSTEC system (or the OSTEC system 

output) can be determined as 
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.                       (13) 

 

Model Design of 0.5 kW and 1 kW OSTEC System: 

The efficiencies of dynamo generator and hydro 

turbine runner are significant in calculating the 

required physical dimension of the OSTEC system to 

produce certain amount of electricity. A rotary 

dynamo generator has typical efficiency between 98 

to 99% by comparison (Woodbank Communications 

Ltd. 2005). In the meantime, the efficiency of various 

turbines depends on its operation types and flow 

occupied in the channel. Turbine operation type 

selection is mainly based on the available water head. 

From earlier investigations [16-18], the output flow 

rate of OSTEC system is fitted under lower hydraulic 

head, therefore propeller reaction turbine is selected. 

Figure 3 shows typical efficiencies curves of various 

turbines (Gatte and Kadhim, 2012). From this figure, 

by using fixed propeller reaction turbine, assuming 

that the propeller cross sectional diameter is 90% of 

the up-tube (Q/Q0 = 0.9), the efficiency of the turbine 

runner turbine is 85%. 

 

 
 

Fig. 2: Typical efficiencies of various operation types of turbine (Gatte and Kadhim, 2012). 
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With the efficiencies of each converter 

components are known, the power output at each 

conversion stage were calculated and summarized in 

Table 1. For generating electrical power E3 of 500 W 

using dynamo generator of 98% efficiency, the 

required rotational power from turbine runner to spin 

the dynamo E2 is 510.2 W. Similarly, to produce 

rotational power of 510.2 W using turbine runners 

with 85% efficiency, the minimum power required 

from OSTEC system E1 is 600.2 W. This signifies 

that the entire power converting process from 

upstream water mixture in the OSTEC system to the 

generation of electrical power would encounter 

power loss of 16.7%, which indicates that only 

around 84% of power input is converted to electrical 

power. 

For generating electrical power output E3 of 

1000 W using similar dynamo generator, the required 

amount of rotational power from turbine runner to 

spin the dynamo (E2) is 1020.4 W and the minimum 

power required from OSTEC system E3 to produce 

rotational power output of 1020.4 W would be 

1200.5 W. Since the similar set of converting device 

is used, therefore the power ratio is similar which is 

around 84%. 

 
Table 1: Calculated power output at each conversion stage for E3 of 500 W and 1000 W 

Component Efficiency (%) Power Output, E(watt) 

dynamo = 98 E3 = 500.0 E3 = 1000.0 

turbine  = 85 E2 = 510.2 E2 = 1020.4 

 E1 = 600.2 E1 = 1200.5 

 

With the required power from OSTEC system 

are known, a computer simulation is then performed 

using Viscosity Model to determine the required 

geometrical dimension for OSTEC model. Table 2 

presents the required parametric dimension for 

generating electrical power of 500 W and 1000 W, 

respectively. The salinity and temperature of ocean 

sea water, and incoming fresh water are assumed to 

be 30 PPT, 25 C and 0 PPT, 32 C; respectively. It 

should be noted that parameters such as the reservoir 

height, up-tube length and the up-tube diameter are 

fixed for easier comparison. With this situation, the 

diameter ratio required to produce 0.5 kW electricity 

is 15% and 20% to produce 1.0 kW of electricity, 

respectively. This is corresponding to down-tube 

diameter of 0.09 m and 0.12 m, respectively. This 

means the increase in the down-tube diameter is just 

around 33% to double the electrical power output 

from 0.5kW to 1kW. 

 
Table 2: Required physical dimension of OSTEC Model to generate 0.5 kW and 1 kW 

Parameters Dimension for 0.5 kW Dimension for 1 kW 

Reservoir height, h 1.80m 1.80m 

Up-tube length, Lu 7.00m 7.00m 

Up-tube diameter, D4 0.60m 0.60m 

Down-tube diameter, D3 0.09m 0.12m 

Percentage of diameter ratio, D3/D4 15% 20% 

 

Conclusion: 

The model design is performed by incorporating 

energy loss from dynamo generator, turbine runner, 

and a minor loss from frictional drag and number of 

pipe fittings. With similar height of incoming water 

reservoir, length and cross-sectional diameter of up-

tube, the required down-tube diameter is 0.09 m to 

produce 0.5 kW compared to 0.12 m to produce 1.0 

kW. This signifies that an increase in down-tube 

diameter of just 33% could double the electrical 

power output from 0.5 kW to 1.0 kW. 
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