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Electricity plays an imperative role in improving the rural or remote community 
economic growth and quality of life. The pico hydro type Archimedes screw turbine 
(AST) is considered an independent power plant in rural or remote areas. The 
advantages of the AST are friendly to aquatic biota, the high and stable efficiency 
(electrical efficiency of 30% to 49%), and can operate in a run of river conditions. 
However, although this technology has been studied ± two decades, there is still no 
theory explaining the relationship between conversion energy, the geometry of 
screws, and efficiency. Therefore, the development of Archimedes screw focuses on 
the role of a converter water energy categorized as the environmentally friendly power 
plant. Thus, this paper aims to describe the future work required for the AST so that 
the basic principles and empirical theories are found. Based on reviews, the AST design 
can use Rorres and Muller & Senior analysis, AC generators with a pulley and toothed 
belt transmission systems, and do not immerse the outflow bucket side in the water. 
Furthermore, for AST to be better, several studies need to be done such as the method 
of manufacturing precision screws, the effect bubbles in the bucket and how to avoid 
them, determination optimum of the head and screw length using the slope angle, and 
investigation of the ratio of the inlet velocity with the angular velocity of a wheel on 
performance to avoid overflow leakage due to loading. 

Keywords: 
Pico hydro; Archimedes screw turbine; 
independent power plant; electricity 

 
1. Introduction 
 

Currently, electricity plays an imperative role in improving rural or remote community economic 
growth and quality of life [1]. The electricity in rural or remote areas increases lighting time 
(increasing hours of productivity), triggering regional business development [1]. Therefore, the 
availability of electricity in rural or remote areas is a form of encouragement to increase economic 
productivity [2]. 

Rural or remote areas are difficult to access, making the construction of electricity grids to 
connect and transmit electrical energy to the regions becoming increasingly complex and expensive 
[3]. A wise solution to resolve this problem is to utilize each region's potential energy as an energy 
source for independent power plants [4]. Based on studies, some developing countries use pico hydro 
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turbines as independent power plants in rural or remote areas, such as Cameron [5], Honduras [6], 
Indonesia [7], Laos [8], Nepal [9], and Rwanda [10-11]. Furthermore, based on life cycle costs 
assessment, pico hydro is 8 to 10 times more profitable than a wind turbine and solar photovoltaic 
[4]. 

The problem with implementing pico hydro is not friendly to aquatic biota [12]. The fast-rotating 
runner can kill the fish that passes through it [12]. For this reason, Archimedes turbines are 
considered because aquatic organisms such as fish can still swim through gaps in the turbine blades 
[13–15].  

Archimedes first made Archimedes screws. Initially, the Archimedes screw was used as a water 
pump called Archimedes pump (see Figure 1). The screw the Archimedes pump are blades that form 
a helix on a cylindrical shaft [17]. The screw in the Archimedes pump is covered by a semi-closed or 
closed cylinder [17]. In 1999, Brada [18] utilized Archimedes screw for generated electricity. The 
Archimedes screw turbine (AST) used by Brada resembles the Archimedes pump [18]. Brada's [17] 
test results (reported by Müller and Senior [16]) received the attention of researchers in the field of 
hydropower to study the Archimedes screw as a turbine. The test results show several advantages of 
Archimedes screw as turbines, such as relatively high efficiency of 55% until 80% under low head 
operating conditions [17-18], and can run on large discharges [17-18]. However, there is still no 
theory explaining the relationship between conversion energy, the geometry of screw, and efficiency. 
The Archimedes screw focuses on the role as a converter water energy categorized as the 
environmentally friendly power plant for development. Therefore, this paper aims to describe the 
future work required for the AST so that the basic principles and empirical theories are found.  
 

  
(a) Three-dimension [16] (b) Two-dimension [17] 

Fig. 1. Illustration of the screw the Archimedes pump 

 
2. Terminology of Archimedes Screw Turbine 
 

The term used in the ASTs is buckets: the volume of water occupying chutes; chutes: two blades 
bound the volume; and pitch: the blade length is one round or one period. The detailed terminology 
of the AST is available in Table 1, and its term can be seen in Figure 2. 
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(a) Side view (b) Front view 

Fig. 2. Illustration of energy conversion in Archimedes turbine Müller 
and Senior [17] 

 
Table 1 
Terminology in AST 

Symbols Definition 

α The slope of turbine angle  
Ro Radius outer 
Do Diameter outer 
M Number of rotations of the screw helix 
Ri Radius inner 
Vu The volume of water over a period 
L Length of screw 
S Pitch length  
λ Pitch ratio 
α The slope of turbine angle  
Phydro Potential power  
P Total power turbine 
Po Power one blade 
l The horizontal distance between the blade 
Δd Difference of water level between two blades  
Vi Velocity water in the turbine 
Vo Velocity inlet 
k Ratio Ro to Ri 
v Volume ratio 

 
3. Characteristic of Archimedes Screw Turbines 
 

Initially, allegedly the main forces that rotate the wheel of ASTs are the weight of water [18-19]. 
However, some studies conclude that water weight contribution does not significantly affect the 
wheel rotation because the water in the bucket is not much and looks silent. The motion of water 
goes downstream like displacement [20]. In addition, the direction of water movement due to gravity 
with the wheel's rotation is opposite [17]. Hence the AST is driven by hydrostatic pressure by water 
[17-21]. Müller and Senior [17] suspected the AST absorbs is hydrostatic pressure (see Figure 2). The 
hydrostatic pressure occurred because of differences in each blade's water level (see Figure 2) [17]. 
Based on this assumption, Müller and Senior [17] made modeling with two dimensional (Figure 2) 
analysis for calculation the efficiency (ɳ) of AST. 
 

2 1

2 2

n

n

+
 =

+
               (1) 

 
where n is do·Δd and the magnitude of Δd is l·tan α. Then, the output power (P) is 
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hydro o o dP ρ·g·d ·V ·m·=              (3) 

 
Based on Eq. (3), the efficiency (ɳ) of AST is affected by the turbine slope angle (α) and pitch (number 
of rotation of screw) [17]. 

The optimum dimension for a case of the AST is still unknown. Therefore, the alternative currently 
used to determine it is the volume optimization method proposed by Rorres [16]. Rorres [16] uses 
three non-dimensional parameters determined by variations in the number of blades to obtain the 
optimal bucket volume. The three non-dimensional parameters are: volume ratio (v), pitch ratio (λ) 
and radius ratio (k) [16]. 
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where ᴧ is 2·π·Ri. 
 
4. Archimedes Screw Turbine Studies 
 

Rorres [16] summarized the AST optimization based on Nagel's [22] analysis. Rorres [16] divides 
the Archimedes turbine parameters into two: internal parameters such as inner radius, number of 
blades, and pitch of the blades; and external parameters such as outer radius, length, and the α angle. 
The external parameters determine how much water will be filled, while the external parameters 
optimize the performance. Defined optimization by maximizing the volume of water lifted can be 
determined using the inner radius and pitch [16]. 

Based on Rorres's [16] analysis, the α angle for obtaining the highest efficiency. To prove this, 
Havendri and Arnif [23] examined the angle of the screw. Experiments were carried out at the head 
of 1.1. m and with three variations of the angle of the screw, namely 23⁰, 26⁰, and 29⁰ [23]. Based on 
the results, there is a relationship between output power (P) and discharge (Q) with the angle of the 
screw. However, this results not a final conclusion because it shows that the greater the α angle of 
the screw, the efficiency increases too (highest efficiency at 29⁰) [23]. 

The difficulty of the optimization proposed by Rorres [16] initiated Müller and Senior [17] to offer 
a simplification theory (see Figure 2). The simplification theory to the more accessible understanding 
of the principle of the AST [17]. Müller and Senior [17] presumed that the AST dominant absorb 
hydrostatic force. 

Nuernbergk and Rorres [24] developed a simple analytical model to account for the leakage due 
to the gap between the screw with the wall and water overflow to the next bucket. Nuernbergk and 
Rorres [24] state that this analytical model can determine the optimum operation of this turbine, 
such as the optimum α angle and the volume capacity of the lift without overflow. Raza et al., [25] 
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were used this analytical model to study the hydraulic behavior of the AST: increasing the α angle 
causes discharge (Q) but the efficiency decreases, vice versa. 

In 2014, there was one AST in North America (the 7 kW Flecher's screw installed in 2013) [26]. 
Lyons [25] improved the mathematical model of the AST initiated by Müller and Senior [16] and 
Rorres [15]. Simultaneously, Lyons [25] proposes a mathematical model in determining the AST 
efficiency (ɳ). Lyons [26] created a calculation model to determine the volume of water in the bucket 
and different levels of water in the upper and lower buckets by three-dimensional (3D) analysis. The 
calculation is accurate if losses at the screw outlet are minimized by keeping the outlet water level 
at an average level (e.g., 50% or 60% of the height of the screw outlet) [26]. When water levels were 
lower, power output was close to the same (power output decreased when checked carefully) [26]. 
However, when the water level at the outlet was much higher, then power output and efficiency 
both decreased noticeably [26]. However, the deficiency of the mathematical model has not been 
able to accurately represent the effect of leakage losses that occur due to gaps between the bucket 
and the wall [26]. 

Although this turbine has high efficiency (70%) [26] and fish-friendly [14], however, the precision 
manufacturing of screws is complex. A possible alternative to build precision screws is to use a 3D 
print machine. The feasibility study of a 3D print machine for making screws with polylactic acid and 
epoxy was carried out [27]. Based on results, Lee et al., [27] stated that the materials polylactic acid 
and epoxy could be used where it is capable of generating 123 W (ɳ of 71%) in operating conditions 
with a discharge (Q) of 0.04 m3/s and a head (H) of 0.4 m (pico scale). Furthermore, investment costs 
using the polylactic acid and epoxy for manufacturing of screw are cheaper than using metals, only ± 
USD 277. However, the disadvantage of using these materials is that the screw age only two years 
[27]. 

The physical phenomenon in the AST has not yet become a concern, whereas this is important to 
know the hydraulic behavior. Based on this, Saroinsong et al., [28] examined the effect of the vortex 
on the performance of AST. Based on the results, the vortex affects the performance of this turbine 
[28]. Furthermore, since the water in the bucket formed a vortex due to shaft rotation, the vortex 
inhibits shaft rotation [28]. Therefore, reducing the α angle can lessen the vortex [28]. 

The mathematical model proposed by Lyons [26] is no accurate even though it has been studied 
comprehensively, where this motivated Kozyn and Lubitz [29] to improve Lyons [26] analysis. In 
calculating performance, Kozyn and Lubitz [29] added an examination of power losses due to friction 
in bearing and internal hydraulic and effect of submersion outlets. The friction in internal hydraulic 
and submersion outlets is based on open channel flow concepts and the Darcy-Weisbach equation. 
In contrast, the friction in the bearing is based on the Borda-Carnot equation [29]. The analysis 
improvement was successful because the difference in calculation with experimental data was only 
14% [29]. 

Rorres [16] and Müller and Senior [17] stated that the α angle is a parameter that determines AST 
performance because it can cause overflow to the next bucket. Havendri and Arnif [22] have proven 
this hypothesis, but the reported results have doubtful results. Therefore, Yulistiyanto et al., [30], 
Khami and Akhyan [31], Erinofiardi et al., [32-33], Siswantara et al., [20,-34], and Dellinger et al., [35-
36] motivated to study the effect of the α angle on performance such as. 

Yulistiyanto et al., [30] investigated the effect of discharge and the α angle on performance to 
prove the simplification theory [14]. Based on the results, there is a correlation between wheel 
rotation with the α angle. The α angle increases, making the efficiency (ɳ) increase, while the 
discharge (Q) increases, making the efficiency (ɳ) decrease [30]. The large discharge (Q) makes the 
efficiency decrease allegedly because a lot of water overflow to the next bucket (losses), so it's not 
absorbed [30]. 
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Khami and Akhyan [31] examined the effect of the α angle on the performance of the turbine and 
pitch size on wheel rotation. Based on the results, the α angle and pitch size influenced turbine 
performance and wheel rotation, respectively [31]. Further studies on pitch size can be used as a 
variable to determine the AST optimization from these results. Since the higher the pitch size, the 
wheel rotation faster, and cause the torque will get smaller. 

Erinofiardi et al., [32-33] investigated the α angle of 22⁰, 30⁰, and 40⁰. Erinofiardi et al., [32-33] 
manufacture the AST using the simplification theory initiated by Müller and Senior [17]. As the 
results, as the α angle increases, the wheel rotation increases, the torque decreases, and efficiency 
decreases [32]. The turbine is not working optimally (decrease in efficiency) allegedly due to the gap 
between the wheel with the wall is large of 5 mm, and the bucket is not filled because of low 
discharge (1.2 l/s) [32]. Consequently, the efficiency (ɳ) is lower than predicted (analysis) [32-33]. 
Hence, the simplification theory is too simple, where many loss factors are not considered, so the 
investigation is not accurate [33]. 

Due to Erinofiardi et al., [32] reports is not satisfying, Siswantara et al., [20-34] also investigated 
the effect of the α angle on overflow leakage, where the analysis in the α angle of 36⁰ until 44⁰. Based 
on the results, the overflow leakage does affect the turbine efficiency but not the dominant effect, 
were in the angle of 36⁰ efficiency of 30% and 44⁰ the efficiency of 27.5% [20]. Contradicts to Rorres's 
[16] analysis, the overflow leakage should make efficiency go down drastically. Furthermore, 
overflow leakage occurs because of the large the α angle, but it can also be because of the large load 
received by the turbine [34]. In addition, the high loads received by the turbine also cause bubbles 
to form in buckets. In hydropower generation, the appearance of bubbles should be avoided because 
cavitation can occurs [37]. However, there has not been a comprehensive study of the effect of the 
α angle on the formation of bubbles in the AST bucket [34]. 

Dellinger et al., [35-36] investigated the effect of the gap leakage using the computational fluid 
dynamics (CFD) method and effect the α angle of 10⁰ until 38⁰ and number of blades on the 
performance of the AST. Based on the results, the α angle (10⁰ until 38⁰) affects the AST performance 
[35-36], were in the angle of 10⁰ efficiency of 85% and 38⁰ the efficiency of 80.5% [35]. As the results, 
confirmed the α angle is the effect on the AST performance [20-34-36]. The optimum of the α angle 
of 15.5⁰ [36] is optimum; however, the α angle is still to be reviewed because the simulation in the α 
angle of 15.5⁰ does not yet validate. The turbine number of blades of 3, 4, and 5 are compared to 
determine its optimum [36]. They have not yet concluded because the more the blade, the greater 
the efficiency [36]. Since in the angle of 20⁰ and 24⁰, the 5 blades generated more power than 3 and 
4 blades. Whereas in the angle 10⁰, the 3 blades generated more power than 4 and 5 blades. 
Furthermore, the Dellinger et al., [35-36] study can be used as a reference for the CFD study in the 
AST because the error of its results with experimental is small (less than 2%). Table 2 summarize 
studies in the AST. 
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Table 2 
Summary of studies in the AST 
Particulars Specifications 

Rorres [16] Optimization the AST 
Havendi and Arnif [38] Effect the angle of screw  
Müller and Senior [17] Simplification theory 
Yulistiyanto et al., [30] Investigated the effect of discharge and the α  angle on performance to prove the 

simplification theory [17] 
Nuernbergk and Rorres [24] Model analytic for water inflow in the AST 
Raza et al., [25] Calculation of the performance of the AST using Simulink MATLAB 
Lyons [26] 3D analysis of water volume in the AST bucket 
Khami and Akhyan [31] Investigated the effect of the α angle 
Lee et al., [27] Feasibility study 3D printing machines for manufacturing the ASTs wheel 
Saroinsong et al., [28] Effect of the vortex on the performance of the AST 
Harja et al., [39] Optimization volume bucket by Rorres model [16] 
Kozyn and Lubitz [29] Modeling losses (improvisation Lyons [26] study) 
Erinofiardi et al., [32,33] Investigated the α angle of 22⁰, 30⁰ and 40⁰ 
Siswantara et al., [20,34]  Analysis of the effect of overflow leakage and investigated the α angle of 36⁰ until 

44⁰ 
Dellinger et al., [35,36] Analysis gap leakage using computational fluid dynamics (CFD) method and 

investigation of effect the α angle of 10⁰ until 38⁰ and number of blades 

 
5. Discussions 
 

AST studies have confirmed the effect of the α angles. Increasing the α angles decreases 
efficiency, although the reduction in efficiency is low [20-32-36]. By CFD study, Dellinger et al., [36] 
report that the most efficient angles tested occurs at 15.5⁰. However, this inference is doubt. Since 
the latest information from Romney Weir (United Kingdom), the optimum of the α angles for the 
large-scale screw is 22⁰, which agrees with YoosefDoost and Lubitz [40]. The study of the influence 
of the α angle on performance and investment cost should be addressed [34]. Suppose the optimum 
operation conditions for AST at an α angle of 22⁰ are verified. In that case, it will be adding the AST 
dimensional analysis because the relation of the head (H) and length of the screw (L) will be known. 
Since the optimum ratio of H/L is not yet known, the analysis initiated by the Rorres [16] is difficult 
to apply. 

Based on losses analysis [20], the overflow leakage is avoided by the α angles, not extremes. 
However, the experimental results show that the dominant load makes overflow leakage, not the α 
angles (see Figure 3) [20-34]. Based on Figure 3, more load will produce a more dominant overflow 
[34]. For a load of 300 W (Figure 3(a)), overflow occurs in two zones: between near the wall with the 
blade tip and the center of the shaft. While, in a load of 100 W (Figure 3(b)), overflow only occurs in 
between near the wall with the blade tip. Overflow leakage becomes higher when the loading was 
increasing because the wheel rotation was slowing down. Hence a large load requires a large torque. 
Therefore, the discussion about the effects of loading on overflow should be special attention to add 
insight into the character of the AST. 
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(a) Load of 300 W (b) Load of 100 W 

Fig. 1. Overflow leakage visualization [20-34] 
 

The rotation of the AST is low, around 60 until 130 rpm [16-41]. A turbine with a low rotation is 
suitable to use a direct current (DC) generator because it still produces electricity [42-43]. However, 
based on testing, the alternating current (AC) generator generating higher power than the DC 
generator, the difference of 10% [41]. Therefore, based on the report, DC generators have higher 
losses than AC generators. High losses are suspected because the transmission system used the DC 
generator, flat belt for DC generator, and toothed belt for AC generator [41]. Two possibilities that 
cause DC generator losses are increased: the connection of the DC generator to the power supply is 
more complex, and splashing water into the flat belt transmission system increases slip. Therefore, 
the suitable generator for AST type AC with transmission systems of toothed belt [20-34-41]. 

AST is suitable for under low head (< 3 m) conditions because it is electrical efficiency is stable 
and high, ranging between 30% until 49% [20-32-34]. Furthermore, AST can work on low and high 
discharge conditions, 0.01 m3/s [20-34] until 10 m3/s [41]. From the aspect of civil work, AST is 
appropriate for remote areas because the head and discharge conditions of the operation are run of 
river, where does not require complex civil construction. Thus, the study of AST is important to be 
continued as an effort to improve the welfare of peoples in remote areas. 
 
6. Conclusion 
 

The AST is a turbine capable of operating with high and stable efficiency under the low head and 
high range discharge. This able for implemented in remote areas are difficult to access by national 
grid electricity. The proposed design by Rorres [16] and Muller and Senior [17] to manufacture the 
AST analysis, AC generator [41], transmission systems using toothed belts [41], and do not immerse 
the outflow bucket side in the water [26]. 

For the AST increase its performance, there are several important studies to carried out such as 
the method of manufacturing precision screws, the effect of the bubbles in the bucket and how to 
avoid them, determination of optimum the h/L ratio using the α angle, and investigation of the inlet 
velocity with the angular velocity of the wheel on performance to avoid overflow leakage due to 
loading. 
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