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Abstract 18 

Archimedes screws have been used as pumps since antiquity, and have more recently been 19 

implemented in micro-hydropower plants as an ecologically advantageous technology. They are 20 

regarded as a hydropower technology with lower environmental impact since they allow safe passage of 21 

aquatic flora and fauna through slow turning, widely spaced blades during operation. Archimedes screw 22 

generators operate at river-to-wire efficiencies at approximately 75% with relatively low installation and 23 

maintenance costs when compared to other hydropower technologies of the same scale. ASGs are 24 

relatively simple and cost efficient to manufacture – simple enough to create in the 7th century BCE. 25 

Modern manufacturing techniques for sheet metal and fabrication have refined ASG production. The 26 

literature contains various parametric models for predicting screw power output, and more recent 27 

numerical simulations have provided insight into the fluid mechanics of screw generators. The 28 

knowledge gained from these studies have allowed researchers to suggest more optimal designs for 29 

Archimedes screws. However, much can be done to further improve the accuracy of power prediction 30 

models. This paper discusses the current state of the literature for Archimedes screw generators, and 31 

highlights areas for future research to improve power prediction and optimization capabilities for 32 

researchers and industrial designers. 33 

Keywords 34 

Archimedes screw generator, hydropower, Archimedes screw turbine, hydrodynamic screw, 35 

reverse Archimedes screw, run-of-river hydropower, renewable energy. 36 

Highlights 37 

• Archimedes screws are an ancient pumping technology that have more recently found use as a 38 

hydropower-producing technology 39 

• Archimedes screw generators (ASGs) are a small-scale hydropower technology that may be 40 

installed as a run-of-river installation 41 
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• ASGs are an eco-friendly technology that allow for the safe passage of sediments, small debris, 42 

fish, and other aquatic wildlife through their flights during operation. 43 

• There are a few experiments and computational fluid dynamic (CFD) simulations that have 44 

sought to extend the literature’s data on ASG operation. 45 

• Current performance models for ASGs lack robust validation to be properly implemented in 46 

powerplant design. 47 

Word Count 48 

6804 49 

Notation 50 

Aw = wetted area of screw (m2); 

b2 = inlet channel width (m); 

C = hydraulic loss coefficient; 

Di = inner diameter (m); 

Do = outer diameter (m); 

f = fill height ratio (-); 

g = gravitational constant (9.81 m/s2); 

Gw = gap width (m); 

ΔH = overall head (m); 

h1 = inlet model depth parameter (m); 

h2 = inlet model depth parameter (m); 

hG = geometric head (m); 

hL = lower water level (m); 

hL' = optimum lower water level (m); 

hU = upper water level (m); 

L = flighted length (m); 

le = gap leakage parameter (m); 

lw = gap leakage parameter (m); 

nb = number of buckets (-); 

N = number of blades (-); 

Ps = mechanical power at the screw’s shaft (W); 

PL, f = power loss due to friction (W); 

PL, OE = power loss due to outlet expansion (W); 

PL, OS = power loss due to outlet submergence (W); 

Q = flow rate (m3/s); 

Qb = bucket flow rate (m3/s); 

Qg = gap leakage flow rate (m3/s); 

Qo = overflow leakage rate (m3/s); 
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R = outer radius (m) 

S = screw pitch (m); 

T = torque (Nm); 

vt = transport velocity (m/s); 

Vb = bucket volume (m3); 

VM = Muysken limit (m/s); 

Vs = volume within screw’s flights (m3); 

zmin = minimum bucket water level (m); 

zmax = maximum bucket water level (m); 

zwl = bucket water level (m); 

α = fluid phase, α = 1 (water), α = 0 (air); 

β = inclination angle (°); 

ζU = hydraulic loss factor (-); 

ζL = Borda-Carnot exit loss coefficient (-); 

η = efficiency (-); 

μ = overflow leakage coefficient (-); 

ρ = water density (998 kg/m3); 

ΨL = outlet submergence (-); 

ω = screw rotation speed (rad/s); and 

ω' = screw rotation speed (RPM); 

ωnd = non-dimensional screw rotation speed (-); 

 51 

1. Introduction 52 

The Archimedes screw (also called “hydrodynamic screw” or “Archimedean screw”) has been 53 

utilized for various technological applications for over two millennia. An Archimedes screw consists of a 54 

helical array of blades wrapped around a central cylindrical tube. The screw is commonly inclined, fixed 55 

between upper and lower bearings, and enclosed in a concentric, open-topped trough. It may be 56 

operated as a pump, or as a hydroelectric generator (Figure 1). Volumes of water are trapped between 57 

the blades of the screw and the trough, forming what will hereafter be referred to as “buckets” [1]. 58 

Usually the trough is fixed, and the screw rotates within it. A small intentional gap exists between the 59 

blade tips and the trough to minimize friction and prevent blade and trough wear [2].  60 
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 61 

Figure 1: Archimedes screw generator layout and geometry. This figure will be referred to throughout the paper. Detail A 62 
presents the parameters often used when quantifying fill levels of screw “buckets”. Section B illustrates the parameters used 63 
in gap leakage modelling techniques. Detail C demonstrates the outlet water level and gap width in higher resolution. 64 

When implemented as a pump, mechanical power turns the screw, lifting water from a lower to 65 

upper reservoir as individual buckets form and translate upward along the screw. When implemented as 66 

a hydroelectric generator, water from an upper reservoir enters the top of the screw and causes a net 67 

rotation (turning a generator shaft) as it traverses the length of the screw and exits into a lower 68 

reservoir. At many low head, run-of-river hydropower sites, it may be advantageous to install an 69 

Archimedes screw generator (ASG) instead of a conventional hydropower turbine. ASGs are most 70 

appropriate at sites with low head and moderate flow rates [3].  Archimedes screws are theoretically 71 

reversible, and a few screw installations both pump and generate.  At Stockton-on-Tees (UK) four 72 

parallel screws can pump water to supply high flow to an Olympic white water canoeing course, then 73 

operate as ASGs to produce electricity when canoe course flow is not required [4], [5]. 74 
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2. Background 75 

2.1. History 76 

The Archimedes screw was used in antiquity as a pump for fluids and granular solids. Evidence 77 

suggests that the Archimedes screw may have been invented in Assyria in 7th century BCE under King 78 

Sennacherib (704-681 BCE) to water the gardens at the Assyrian capital of Nineveh; some scholars 79 

suggest that these were the Hanging Gardens of Babylon [6]. In 671 BCE, the Assyrian empire annexed 80 

Egypt [7] and likely introduced the technology for agricultural irrigation. Archimedes of Syracuse (the 81 

device’s namesake, circa 287-212 BCE) studied in Alexandria where he might have learned of the 82 

technology and reintroduced, modified, reinvented or independently invented the device [1]. 83 

Archimedes popularized the device among his contemporaries by implementing it to irrigate the Nile 84 

delta [6], as the first recorded naval bilge pump [8], and purportedly in a ship for propulsion [9]. 85 

Archimedes screws were utilised during the Roman Imperial period (circa 27 BCE to circa 5th century 86 

CE), mainly to drain Roman mines [10] – after which its use is undocumented in the western world. It is 87 

suggested that mines in the Iberian Peninsula continued to use screw pumps during the Visigothic and 88 

Muslim regimes, and after the Reconquista  [11]. The screw pumps in the mines of Aljustrel, Portugal 89 

[12] were maintained and improved during these periods. In 1637 CE, a crank-driven Archimedes screw 90 

was introduced in Japan, ostensibly by Portuguese traders [11]. Early Islamic literature evidences the 91 

continued use of screw pumps through the Middle Ages [10]. The Maqamat al-Hariri [13] is a famous 92 

collection of 50 poetic stories that were later illustrated by artists like Yahya ibn Mahmud al-Wasiti; one 93 

of his illustrations depicts a screw pump irrigating gardens [14]. 94 

The technology is much more prevalent in Renaissance literature [9]. It was documented by Konrad 95 

Kyser [15], Leonardo da Vinci [16], Gerolamo Cardano [17], Agostino Ramelli [18], and Galileo Galilei 96 

[19]. During the Dutch Golden Age (late 16th through 17th centuries) Archimedes screws were 97 
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implemented in polder mills [20] for land drainage and reclamation [21]. While originally powered by 98 

windmills, modern screw pumps use other means. For instance, UNESCO World Heritage site Kinderdijk 99 

(Netherlands) houses examples of its original 19 wind-powered polder mills; however, it is currently 100 

drained by two diesel-powered screw pumps and is one of the largest Archimedes screw pumping 101 

stations in Europe [22].  102 

2.2. Modern Implementations 103 

The robust, simple design of the Archimedes screw allows it to transport solids and fluids between 104 

its blades without obstruction – making it advantageous for a variety of implementations [23].  It has 105 

functioned as a water [24] and wastewater pump [25], a conveyor for granular solids (i.e. grains) [26], 106 

[27], a fish ladder [28]–[30], a drive mechanism for amphibious vehicles [31], for injection moulding [32], 107 

land reclamation [33], heart valve replacements [34], and for hydropower generation [35]. Note that 108 

this paper focuses on applications involving water conveyance. 109 

Hydropower has been exploited since antiquity; however, no evidence suggests that Archimedes 110 

screws were implemented in functions other than pumping until the early 1900’s [9]. A 1916 US patent 111 

suggested using an Archimedes screw to power a hydraulic system [36]. Kawakami [37] reports that 112 

small, transportable screw-mills were used as power sources in 1930’s Japan before the introduction of 113 

engines and electric motors. The first instance of a screw operating as a hydro-electric generator is a 114 

1991 patent [2] that describes a modern, inclined-axis, fixed-trough Archimedes screw generator; the 115 

most common implementation, since proven successful in hundreds of installations [38]. 116 

ASGs have an alternate, horizontal-axis orientation in which the screw is partially submerged in-117 

stream at the free-surface, supported horizontally between bearings and oriented at an angle to the 118 

direction of flow, converting hydrokinetic energy to mechanical energy. Preliminary investigations have 119 
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demonstrated success, and Archimedes screws continue to be studied in this orientation [39], [40] 120 

however it has not been widely adopted. This review focuses on the inclined axis ASG variant.  121 

3. Characteristics of Archimedes screw generators 122 

3.1. Performance and power production capabilities 123 

Figure 2 shows the performance envelope of different hydropower technologies. ASGs operate with 124 

low heads (< 6 m) and moderate flow rates (< 15 m3/s) [41] at river-to-wire efficiencies of 60% to 80% 125 

[41], [42]; some installations reportedly operate at higher efficiencies [43]. 126 

 127 

Figure 2: Operational ranges of various hydro-generating technologies. Solid lines indicate the operating envelope, the 128 
coloured dots are the operating points of example hydropower plants. Data from various sources [44], [45], [54]–[63], [46], 129 
[64]–[68], [47]–[53]. Index of example power plants are shown in Table A1 of the Appendix. 130 

The first grid connected ASG in the UK was installed at the River Dart Country Park in Devon, 131 

England in 2006. It is a moderately-sized ASG rated to produce 50 kW with a single, variable-speed screw 132 
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[69]. The first ASG in North America was installed in Waterford, Ontario, Canada in 2013. It is rated at 133 

7.2 kW with a single, fixed-speed screw and river-to-wire efficiency of about 60% [70]. Table 1 shows 134 

examples of ASG installations across the typical size range of ASG plants. 135 

Table 1: Example parameters of real-world installations ranging from a relatively small plant (Fletcher’s Horse World) to the 136 
largest plant in the world (Linton Lock extension - Widdington) at time of construction. (All photos by authors.) 137 

 138 

Multiple screws may be installed in parallel at high flow, low head sites. The Valpagliaro plant has 139 

two large screws (one fixed- and one variable-speed) that produce up to 121 kW each. The screws have 140 
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identical geometry and operate with river-to-wire efficiencies between 70 % to 88 %  [71]. The Romney 141 

Weir site also has two parallel screws (with identical geometries); each produce up to 157 kW [72] with 142 

flow rate capacities of 10.4 m3/s. In October 2017, a second screw plant was installed at Linton Lock (UK) 143 

with a 5 m diameter (355 kW, 14.5 m3/s) – this unit was the largest ASG in the world at time of 144 

construction [73]. More than two screws have been installed at a few sites. Six parallel 30 kW screws, 145 

each with 1.4 m head and 3 m3/s discharge, were installed at the Steinsau weir on the River Ill near 146 

Erstein, Alsace, France [74]. 147 

3.2. Environmental impacts of ASG installations 148 

ASGs are ordinarily installed in run-of-river (diversion) schemes, recognised as more 149 

environmentally friendly than conventional, impoundment hydropower plants. Impoundment systems 150 

are often linked to negative environmental impacts such as blocked fish migration and extinction [75], 151 

[76], nutrient- and sediment-starved waterways [77], reduced levels of dissolved oxygen [77], 152 

greenhouse gas emissions[78]–[81], thermal stratification and shock [82], [83], and mercury methylation 153 

[84], [85]. The dam and reservoir, actively controlled to optimize electrical and water supply demands, is 154 

often the primary source of these negative impacts.  155 

In a run-of-river scheme no land is flooded for a reservoir, water is neither actively stored nor 156 

released over time, fish and sediment passage is impacted but not completely blocked through the main 157 

watercourse, and some water always bypasses the hydro plant [86]. Care must still be taken when 158 

developing and constructing a run-of-river project since bad practices can introduce tangible 159 

environmental impacts [86]. 160 

The Archimedes screw itself generally has less impact on fish and aquatic fauna than other pumps 161 

or turbines. Screw pumps have been implemented as fish pumps and studies have shown that they 162 
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operate with no statistically significant mortality rates – less than 1% of fish showed physical effects (i.e. 163 

descaling) from passage through a screw [87], [88].  164 

A neutrally buoyant sensor package was used to measure physical and hydraulic forces experienced 165 

by fish during passage through an ASG. Minimal shear forces were observed and no rapid spatial 166 

changes in pressure occurred [89], though slight scale loss in fish indicate shear is prevalent [90]. As such 167 

fish did not experience high levels of decompression in an operating ASG. However, aquatic wildlife 168 

could be struck by screw blades while entering the screw. ASGs rotate slowly (usually 20 to 80 RPM [70]) 169 

and fish generally experience minimal trauma entering a screw. However, small fish could experience a 170 

pinch-point at the screw inlet [91]. Pauwels et al. [90] observed mortality rates are species specific. 171 

Injury and mortality rates are not substantial for eel [90], [92], trout, and salmon [91], [93].  172 

Very large screw pumps/generators have specific features which are usually excluded from 173 

installations due to the risk they might pose to aquatic wildlife (i.e. blade leading edges are usually inset 174 

to the trough to remove pinch-points, etc.) [94].  Pauwels et al. [90] found low mortality rate in eels, but 175 

much higher mortality rates for roach and bream (19% and 37%, respectively) [90]; however, the 176 

authors’ indicate it was not clear where trauma originated, and site-specific geometry was not available. 177 

Trauma has been minimized by installing compressible leading edge bumpers [93] (Figure 3); installation 178 

is recommended screw tip speed exceeds 3.5 m/s [95]. However, recent studies found some injury is not 179 

caused by leading edge impact, and further investigation is needed to determine these other causes 180 

[90]. 181 
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 182 

Figure 3: View inside the forebay of the Ruswarp Hydro ASG. Blade leading edges have rubberized bumpers to minimize 183 
impact damage to aquatic fauna. 184 

Kibel found fish were not disoriented after passage and there was no increase in predation 185 

downstream [91], [93]; however, another study did observe an increased presence of predators 186 

downstream [92]. Downstream migration of Atlantic salmon smolts [96] and silver eel [92] were not 187 

markedly delayed by the presence of an ASG installation. While upstream migrating fish like salmon and 188 

sea trout were attracted to the screw outflow, none tried to ascend nor jump at the screw, so upstream 189 

migration was not hindered [91]. Altogether, available literature supports that ASGs are a “fish-friendly” 190 

hydropower option, but there is room for improvement.  191 

3.3. Maintenance and Design Considerations 192 

Regular maintenance regimes are less involved for ASGs than for other turbine technologies [97]. 193 

Normal maintenance cycles include trash rack cleaning, regular fluid level checks, and replacement of 194 

the upper bearing grease cartridge (if equipped). Some sites exhibited algal growth on the screw blades 195 

which reduced power output; seasonal blade cleaning mitigated this issue [98]. Screws may be roofed 196 

over and can be built with underflow or curtained inlets and outlets (cf. Fletcher’s, Table 1) to prevent 197 

algal growth, icing and noise emissions. The Fletcher’s screw has operated reliably and without icing 198 

issues at temperatures as low as -30 C. 199 
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Routine refurbishment occurs after an expected lifetime of 20 to 30 years [99]. The screw is 200 

removed, and its blades are re-tipped while the trough is either replaced (if a metal insert) or repaired (if 201 

concrete). Upper and lower bearings are replaced when the screw is reinstalled [97]. This is the only 202 

major maintenance cycle required, provided no premature equipment failures occur in components like 203 

the generator or gearbox. 204 

Since most ASGs are installed as run-of-river schemes, wide-ranging water levels and flooding 205 

events must be considered. Most plants are designed to accommodate some flooding in the 206 

powerhouse without damaging equipment. Gearboxes and generators may be arranged to allow higher 207 

interior flood levels. The ASG at Goldsborough (UK), where local flood levels can be high, utilizes a 208 

“snorkel” design with a watertight generator housing and elevated ventilation shafts to protect 209 

equipment (cf. Figure 4). 210 

 211 

Figure 4: Left (a): Goldsborough Archimedes screw generator plant with watertight generator house and dual ventilation 212 
snorkels. A fish ladder is adjacent to the right (bank) side of the ASG. Right (b): sign noting interior high-water level at the 213 
Ruswarp ASG power house. 214 

ASGs perform more efficiently with partially submerged outlets (around 60%)  [100]–[102]. Most 215 

screws have fixed inclination angles, but a few (e.g. Romney Weir site) use large hydraulic cylinders to 216 

raise or lower the end of the screw (changing inclination angle and relative outlet water level) to 217 

capitalise on this efficiency advantage. This functionality allows direct investigation of the optimum 218 
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operating inclination angle. At the design stage, optimum inclination angle is important since the length 219 

of a screw will depend on the site head and the desired inclination angle [103]. 220 

Finally, ASG performance depends partly on the fill level of each bucket. Detail A in Figure 1 shows 221 

the variables that define the fill level of an ASG. These can be used to calculate non-dimensional bucket 222 

fill height ratio (f): 223 

 

 

(1) 

where zmin is the lowest point on the helical plane downstream and zmax is the “maximum” water 224 

level in a static bucket before overflowing begins [104]. Songin [102] and Nuernbergk [105] give 225 

methods for determining the precise values of zmin and zmax for the unique geometry of Archimedes 226 

screws. If f < 1, the bucket is partially full of water. If f = 1, then the bucket is full and not yet 227 

overflowing, while if f > 1, the bucket is experiencing overflow leakage. 228 

The fill height of a bucket is dependent on flow rate and rotation speed. Screw generators tend to 229 

operate most efficiently at values around f = 1. ASGs can be operated at variable speed to increase 230 

power production and maintain higher efficiency values. Speed is usually regulated in variable speed 231 

systems according to the forebay depth, flow rate sensor readings, or power production values.  232 

Variable speed systems require the generator power output to be rectified so the control system 233 

can adjust speed controller frequency. The output signal must then be inverted for on-grid energy 234 

usage. This process can potentially incur additional river-to-wire efficiency losses up to about 10% [98], 235 

[106] compared to fixed-speed ASGs. The efficiency reduction is offset by the wider operating range of 236 

the ASG, and generally, increases in efficiency are much higher than the loss. Some ASGs mitigate 237 

variable speed conversion losses by bypassing the speed controller when the ASG is operating at full 238 

speed with full buckets [98], [106]. 239 
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4. Design of an ASG installation 240 

ASG plant design is a complex process, which can be supported by using screw performance models 241 

to forecast the impact of various geometrical parameters and operating conditions.  242 

4.1. Geometry and Operating Parameters 243 

Figure 1 defines the geometry of an ASG; a three-bladed (or “three start”, N = 3) screw is shown. 244 

Screws with three or four blades are most common. Five blade screws (e.g. Romney Wier, UK) [103] and 245 

two blade screws (e.g. Cragside, UK) are less common. Theoretically, a higher number of blades is more 246 

efficient [1]; however, there is a realistic limit once thickness and frictional effects are considered. 247 

Laboratory-scale experiments and computational fluid dynamic (CFD) techniques found a five-bladed 248 

screw was slightly more efficient then otherwise geometrically identical screws three or four blades 249 

[101][103]. Practically, five blades seem to be the real-world maximum due to manufacturing difficulty 250 

and negligible net power returns from additional blades.  251 

The most common ratio of inner to outer diameter in screw pumps is Di/Do  0.5 [107]. The 252 

theoretical optimum is closer to 0.54 [1] but this does not account for losses. Experiments suggest that 253 

this ratio is appropriate for ASGs [41], [101]; this has been confirmed using Bayesian optimisation 254 

techniques [108]. 255 

ASGs commonly have pitch-diameter ratios of S/Do  1.0 [41], [107]. Laboratory-scale experiments 256 

with pitch ratios (S/Do) of 0.80, 1.00 and 1.41 found that the screw with S/Do = 1.0 was most efficient; 257 

though the results were not statistically significant [102]. 258 

ASGs operate at very low rotation speeds relative to other turbines (10 to 125 RPM [41]); most 259 

commonly around 30 RPM [109]. As with diameter ratio, screw pump rotation speeds are similar to 260 

ASGs. The empirical relationship for maximum practical screw pump rotation speed (termed the 261 

“Muysken limit”) is [110]: 262 
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(2) 

where units of Do must be meters and VM is RPM. Equation (2) yields incorrect results for 263 

laboratory-scale screws (i.e. 10 W to 100 W screws); however, it is a reasonable estimate for practical 264 

power plant sizes [41]. Nuernbergk [105] reviews rotation speed guidance in more detail.  265 

ASGs can be classified by flighted length to pitch ratio (L/S) which can be interpreted as the number 266 

of turns of a screw along its length. This ratio is used to classify if a screw is “short” or “long”.  Similarly, 267 

the average number of buckets (nb) in an operating screw is 268 

 

 

(3) 

In practise, L/S varies widely. Laboratory-scale screws have been tested between L/S = 1.16 and 4.8 269 

[102]. The length of a real-world screw is usually based primarily on inclination angle β and available 270 

hydraulic head ΔH with pitch-to-length a secondary criterion. In real-world ASGs, L/s is commonly 271 

between approximately 1.5 (Widdington, UK) and 5 (Buckfast Abbey, UK and River Dart, UK). The head 272 

across an ASG is: 273 

 
 

(4) 

if the upper water level (hU) and lower water level (hL) are known (cf. Figure 1).  274 

Inclination angles between 22° to 26° are common at real-world ASGs with some extreme values 275 

(i.e. 30°) [38], [111]. In design practice, inclination angle is often specified, and screw length is adjusted 276 

to satisfy on-site available head conditions. This can yield extremely long screws. A 12 kW ASG in 277 

Cragside, United Kingdom has N = 2 flights and length L = 15 m to accommodate a comparatively large 278 

8.3 m head and very low flow rate (Q < 1 m3/s ) [112].  279 
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Laboratory-scale experiments provided evidence that increased screw length corresponded to 280 

increased efficiency; however, this might not be true for larger real-world screws [101]. Longer screws 281 

have more surface area to convert hydraulic- to mechanical power, however, there are increased 282 

frictional losses, so that an excessively long screw may be less efficient. More material is required to 283 

ensure sufficient stiffness in longer screws, while gap width increase to account for deflection. 284 

Conversely, short screws operate less efficiently since there is less length for buckets to fully form as 285 

they translate down the trough. The impacts of inlet and outlet losses are proportionally magnified 286 

when efficiency is calculated. Thus, there will be a practical optimal screw length to balance these 287 

factors.  An optimal length was not conclusively found in laboratory-scale experiments of several screws 288 

identical except for length [113] and definitive guidance is unavailable for full-scale screws due to the 289 

many dependent variables. 290 

Screws with low inclination angles performed best in a study that varied length and inclination to 291 

maintain a constant head: three inclination angles were tested (15.6°, 24.4°, and 33.8°) and the screw 292 

with β = 15.6° had the highest efficiency [113]. The authors plan to extend their dataset with CFD 293 

simulations to test these relationships further, since existing literature on inclination angles suggests the 294 

opposite [103], [114]. There is a practical trade-off in selecting an inclination angle. For a given head, 295 

decreasing inclination angle requires increasing length, which means more material is required for the 296 

screw, frame, and possible changes to bearing arrangement. This is likely the reason that many ASGs 297 

have inclination angles of 22° [41], as in practice this seems to offer a good balance between 298 

performance and cost. 299 

4.2. Experiments and Site Studies 300 

Over the last decade, more experimental studies and site assessments of ASGs have been added to 301 

the literature (Table 2), making further model development more feasible.  302 
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Table 2: Dimensions and operating parameters of some ASG experimental studies. The authors were unable to find further 303 
details for the works of Anzawa et al. (2017), Adhikari et al. (2016), or Johnson (2018), however an approximation for the 304 
scale of their experiments (an estimate of the outer diameter) has been made in lieu of this. 305 

Publication Location
D

(m)

L

(m)

N

(-)

β

(°)

Q

(L/s)

ω'

(RPM)

P

(W)

Saroinsong et al.,

2015

Brawijaya University,

Malang, Indonesia
0.11 0.924 3 30 ~0.5 50 to 300 ~1

Erinofiardi et al.,

2017

University of Bengkulu,

Bengkulu, Indonesia
0.142 0.646 1 22 to 40 1.2 106 to 225 1.4

Lubitz et al.,

2014

University of Guelph,

Ontario, Canada
0.15 0.6 3 24.5 0.755 25 to 200 1.2

Dellinger et al.,

2016

ICUBE Laboratory,

Strasbourg, France
0.192 0.4 3 18 to 30 1 to 4 60 to 180 6

Straalsund et al.,

2018

Pacific Northwest National 

Laboratory, Washington, USA
0.19914 0.766 4

20.6 to 

29.1
10 to 210 1 to 5.8 2 to 12

Siswantara et al.,

2019

Universitas Indonesia,

Depok, Indonesia
0.3 2.09 2 36 to 44 1.06 84.2 to 113.3 20 to 40

Anzawa et al.,

2017

Nippon Koei Co., Ltd.,

Sukagawa, Japan

No Data 

(~0.3)
No Data No Data No Data No Data No Data No Data

Adhikari et al.,

2016

Institute of Engineering,

Lalitpur, Nepal

No Data 

(~0.2)
No Data No Data 40 0.3 to 0.5 No Data No Data

Songin and Lubitz,

2018

University of Guelph,

Ontario, Canada
0.32 to 0.38 0.41 to 1.22 3 to 5 15 to 33 6 to 14 20 to 80 6 to 60

Lashofer et al.,

2013

University of Natural Resources 

and Life Sciences, Vienna, Austria
0.806 3 3 to 5 18 to 32 20 to 220 20 to 80 ~3000

Rohmer et al.,

2016

ICUBE Laboratory,

Strasbourg, France
0.84 1.4 3 30 50 to 400 0 to 85 3000

Brada,

1999

Czech Technical University,

Prague, Czech Republic
1.05 4.7 3 30 233 to 316 54.7 4000

Kozyn et al.,

2018

Fletcher's Horse World ASG,

Ontario, Canada
1.39 4.53 3 22 536 44.5 7200

Johnson et al.,

2018

Utah State University,

Utah, USA

No Data

(~2)
12.8016 4 25 280 to 1560 No Data 35000

Fergnani and Silva,

2015

HydroSmart Srl,

Ferrara, Italy
3.6 7.4 4 22 5500 22 121000

 306 

Nuernbergk [100], [105] presented a complete work outlining theories and applications of ASGs. 307 

One section documented experiments carried out at the Czech Technical University in Prague [115] and 308 

at the University of Natural Resources and Life Sciences in Vienna [116]. Brada (1999) pioneered 309 

research on Archimedes screws for hydropower production. A 4 kW test screw was installed on the 310 

River Eger in Aufhausen, Germany and provided some of the first evidence for the viability of ASGs for 311 

hydropower production [115]. Lashofer et al. (2013) tested a small, real-scale ASG in a laboratory to 312 

characterize its efficiency as a function of flow (Q = 20 to 220 L/s) and rotation speed (Ω = 20 to 80 RPM) 313 

while varying the inclination angle at increments of 2° from β = 18° to 32° [116].  314 

Experiments on small laboratory-scale screws at the University of Guelph (Canada) to inform 315 

development of a performance model for ASG power production [104]. Further experimental data, and 316 
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site data from the Waterford (Fletcher’s) ASG (cf. Table 1) aided development of power loss prediction 317 

models [70], [117]. Further tests were conducted on 16 unique, laboratory scale ASGs – the resulting 318 

data was analysed in different ways to isolate the effects of specific parameters on performance [101], 319 

[102], [118], [119]. The apparatus also allowed adjustment of inclination angle [113], [120], addition of 320 

an inlet channel modification [121], and tests of screw pump performance [122]. 321 

Laboratory-scale ASGs were tested at the ICUBE Laboratory at INSA Strasbourg. Rohmer et al. 322 

(2016) compared experimental results from the largest laboratory-scale screw (at time of study) against 323 

model predictions, and suggested improvements to modelling techniques [123]. Dellinger et al. (2016) 324 

used experimental results from a smaller laboratory screw to evaluate the accuracy of a CFD model that 325 

was then used to investigate ASG parameters that are difficult to vary in full- or laboratory-scale screws 326 

[124], [125].  327 

A few independent studies varied discharge and inclination angle in laboratory-scale screws to 328 

suggest the optimum ASG inclination angle [114], [126], [127]. A follow-up study observed gap leakage 329 

and fluid motion in screw buckets through a transparent trough during operation [128]. Anzawa et al. 330 

experimented on a laboratory-scale ASG to aid in the design of efficient control devices for a wide range 331 

of operating conditions [129]. 332 

Different end treatments have been tested to reduce noise and minimize outlet losses [8]. A full-333 

scale screw was built in-laboratory and tested across a range of flow rates and other operating 334 

parameters [130], however, the study results were not published.  335 

The literature contains data from full-scale ASG powerplant site assessments [70], [100], [105], 336 

[115], [119], [131], [132], with the survey work of Lashofer et al. being particularly notable [38]. 337 

However, measuring parameters like the flow rate and bucket fill height is difficult in operating full-scale 338 

ASGs, which limits the usefulness of these assessments for model advancement.  339 
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Some authors have presented design, development and implementation of rural, off-grid systems 340 

in developing regions in the world. Dhakal et al. experimented on a small-scale ASG to evaluate 341 

feasibility for installation in Nepal [133]. Okamura et al. outline the design, development, and 342 

implementation of an ASG system in southern Tanzania [134].  343 

An ASG powerplant along the Apfelstädt river in Herrenhof, Germany was instrumented to test 344 

relationships between discharge, head, rotation speed, and power production [135]. Similar work was 345 

performed at a powerplant in Mühlen in Taufers, Italy. The variable-speed installation was used to test 346 

efficiency at different rotation speeds [135]. The Valpagliaro plant near Ferrara, Italy was well 347 

instrumented and resulting literature includes discussions of site design optimization [136], efficiency 348 

and power production assessment [132], and site-specific economic assessments [137]. 349 

Though many of these studies present data collected from these full-scale sites, it remains difficult 350 

to utilize the data for modelling purpose, because all variables included in the model must be known 351 

simultaneously to quantify the performance of the model against the measured data. Future model 352 

development requires comprehensive data from a larger set of installations. 353 

4.3. Parametric Models 354 

Design and optimization of ASG installations can be enhanced by using one of several parametric 355 

models presented in the literature. Some modelling techniques have been used to simulate screw 356 

performance in larger energy systems [138]. Müller and Senior [139] presented a simplified model for 357 

ASG performance; it is too simplified for practical implementation in detailed plant design.  358 

Nuernbergk [100] presented a broad performance model that includes many details for screw 359 

design, analysis, and modelling. This text remains the most comprehensive single source on ASGs; a 360 

second edition was recently published [105]. Lubitz et al. [104] developed an ASG performance model 361 

utilizing analytical relationships and numerical integration to predict power production and efficiency. 362 
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Gap and overflow leakage losses were included. Further updates include power loss models for bearing 363 

friction, outlet expansion, hydraulic friction, and outlet submersion [117]. Rohmer et al. [123] presented 364 

a model that predicts ASG performance and accounts for gap leakage losses, overflow leakage losses, 365 

and frictional effects to improve model accuracy. These models are broadly similar. Bucket water 366 

volumes and torque due to static pressure on blade surfaces are calculated and various corrections are 367 

applied to account for inlet and outlet losses, friction losses, and efficiency losses from gap and overflow 368 

leakage. 369 

4.4. Inlet Loss Modelling 370 

Determining the correct screw inlet elevation relative to upper reservoir depth is important in site-371 

specific ASG design. The literature contains models to predict upper water level (hU) given various design 372 

and operational parameters. Nuernbergk and Rorres [140] used discharge (Q) to predict upper water 373 

level and account for inlet channel losses. Most inlet hydraulic losses are due to the geometry change 374 

between the inlet channel and the screw entrance. Nuernbergk and Rorres adapted the Borda-Carnot 375 

head loss relation to account for the geometric change from a rectangular cross section inlet channel, to 376 

the tilted circular cross section of the screw and trough [140]: 377 

 

 

(5) 

Here, h1 and h2 are channel- and screw entrance-specific water levels, b2 is the inlet channel width, Q is 378 

flow rate, g is the gravitational constant, and ζU is the hydraulic loss factor. Borda-Carnot head loss from 379 

a rectangular to a tilted circular cross section was used to approximate ζU = 0.119 [140]. Note this model 380 

does not account for screw rotation speed. A simple empirical, predictive model developed from 381 

experimental data found that the upper water level of ASGs is dependent on both flow rate and 382 

rotational speed [121]. Additional validation of inlet loss models is needed.  383 
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4.5. Outlet Loss Modelling 384 

There are two major types of outlet losses discussed and modelled in the literature: outlet 385 

expansion (PL,OE) and outlet submersion losses (PL,OS) [70].  386 

At the screw outlet, water passes from a tilted circular cross-section to the larger cross-section of 387 

an outlet channel or reservoir – giving rise to expansion losses. Most full-scale ASGs have short channel 388 

extensions at the outlet to house stop logs during maintenance operations; however, these also reduce 389 

outlet expansion losses [98]. Outlet expansion losses have been modelled using equation (6) [70]. 390 

 

 

(6) 

where ζL is the Borda-Carnot exit loss coefficient. Kozyn and Lubitz (2017) provide more details on this 391 

loss coefficient, noting approximately ζL < 1 [70]. Transport velocity (vt) is defined as: 392 

 

 

(7) 

This is the speed that buckets translate along the trough, and so is dependent on screw pitch and 393 

rotation speed (ω). 394 

Outlet submersion losses (or losses from non-optimal lower water level [100]) are more significant 395 

than outlet expansion losses. Experiments showed that power output varied significantly with changing 396 

lower water level (hL) [43]. In practice, while lower water levels are site-specific, the screw should be 397 

installed at a height to optimise performance. The dimensionless lower water level is 398 

 

 

(8) 

ASGs with ΨL = 60% were most efficient in laboratory experiments [102]. The outlet water level 399 

provides back pressure on the last bucket in the screw; without this pressure the last few buckets of the 400 



 

23 
 

screw drain prematurely. Conversely, when the lower water level was too high, the last few buckets 401 

were flooded from below. Optimum lower water level (hL’) for a screw operating full (f = 1) is modelled 402 

as [105]: 403 

 

 

(9) 

The balance between flooding and draining seems to be met around ΨL = 55% to 60% [100]. Outlet 404 

submersion power loss is then predicted when hL > hL’ [105], 405 

 

 

(10) 

and when hL < hL’ [105]. 406 

 

 

(11) 

Lab experiments and field data suggested this model overpredicted power loss when hL < hL’ and 407 

has inaccuracies when f ≠ 1 [119]. An empirical loss coefficient was implemented to improve model 408 

predictions for cases with f = 1; this correction might only be applicable to small, laboratory-scale 409 

screws. 410 

An empirical model based on lab-scale experiments was developed to predict outlet submersion 411 

losses [70]. This model assumes outlet submersion losses depend on lower water level, discharge, and 412 

rotation speed. 413 

Blade impacts at the inlet and outlet of ASGs generates noise during operation [100], [141]. While 414 

this is usually at acceptable levels, in some cases site owners may seek to reduce noise to appease 415 

neighbours and reduce outlet losses [41]. Some ASGs have modified blade end treatments to aide in 416 
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noise reduction. Figure 5 shows a screw with a v-notched trailing edge [98], [142]. Though noise is 417 

reduced, the final buckets drain prematurely introducing a new loss. 418 

 419 

Figure 5: Modified blade ends at the Goldsborough ASG outlet. 420 

Other geometry modifications have been proposed to improve performance. For instance, the 421 

helical flights may be joined to the central cylinder at angles other than the standard 90°. Experimental 422 

tests of this modification found significant performance improvements only occurred at high speeds and 423 

were likely due to dynamic effects during bucket filling at the inlet [8]. 424 

4.6. Frictional Losses 425 

Hydraulic friction may be modelled by components in the transport (axial) direction and rotational 426 

direction (counteracting torque) [70]. The Darcy-Weisbach equation, Manning’s equation, and 427 

relationships discussed in Nuernbergk [100] were used to develop a numerical solution for hydraulic 428 

friction [70]. Further development seems required to improve predictions of surface roughness effects. 429 

Independent reports contend that significant algal growth on screw blades caused power losses of about 430 

11% [98] and 10% [143] relative to clean, algae-free operation in two different full-scale ASGs. This 431 

suggests that surface roughness is an important factor in ASG performance; further investigation is 432 

required. 433 

4.7. Gap Leakage Losses 434 

ASGs have a small gap between the trough and rotating blade edges to allow the screw to turn 435 

freely (cf. Figure 1). This gap width is minimized to reduce leakage between successive buckets. In 436 
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practice, many ASGs are designed using an empirical screw pump relationship [107] to estimate an 437 

appropriate gap width: 438 

 
 

(12) 

In practice, the width of the gap region tends to differ from the designed size. Changes in screw 439 

water levels effect buoyancy, changing deflection patterns in the screw and the gap width along the 440 

screw’s length, by extension. Imperfections in the steel construction and paint can alter the gap width. 441 

As well, wearing of components can alter the gap width. Bearings wear as they operate over more 442 

cycles. In particular, as journal bearings wear the axis of rotation tends to shift noticeably. The screw 443 

blades and trough may also experience wear due to sediment transport. Current modelling techniques 444 

approximate the gap width and assume it to be constant throughout the length of the screw. 445 

The total discharge (Q) of an ASG consists of bucket flow (Qb), gap leakage (Qg), and overflow 446 

leakage (Qo):  447 

 
 

(13) 

Overflow leakage is the rate of water over-topping the inner cylinder and flowing into the next 448 

bucket. Both gap and overflow leakage do not contribute significantly to torque generation. Both are 449 

subtracted from total flow to yield the bucket flow rate; the discharge corresponding to torque 450 

generation. 451 

For screw pumps there is an empirical model [107] and a first principles model [1], [110] to predict 452 

Qg; the first principles model was later adapted for ASGs [140]. It uses the installation geometry of the 453 

installation, bucket water level, and a discharge coefficient to predict the gap leakage flow rate. A similar 454 

first principles model was cast in terms of wetted arc-lengths [144]. These two models are functionally 455 

similar, so the latter will be discussed further since it was experimentally evaluated [117]: 456 
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(14) 

Here, C is a hydraulic loss coefficient that is set to unity if minor losses are neglected. A  value of C = 457 

0.89 is sometimes used in practice [144]. The wetted length of the constant pressure portion of the gap 458 

(lw) and the total length of the gap region (le) (cf. Section B, Figure 1) are calculated numerically based on 459 

screw geometry. 460 

The current gap leakage models do not account for the important variable of rotation speed. A 461 

numerical study showed that as screw rotation speed increased the relative flow velocity through the 462 

gap decreased (Figure 6) [145], [146]. It was theorized that the relative velocity through the gap would 463 

continue to decrease until the blades “outran” the leakage rate (i.e., transport velocity exceeded gap 464 

flow velocity); corresponding to negative gap leakage [145].  465 

 466 

Figure 6: Relative velocity of water through the gap region of a laboratory-scale screw [146] for different transport velocities. 467 
The vertical axis indicates the radial position of the sample point within the gap vertically, where 0 mm is located on the 468 

bottom of the trough and 2 mm is at the blade tip (i.e. gap width is 2mm). 469 

Figure 6 lends credence to the aforementioned theory. Future gap model development should 470 

incorporate rotation speed. The above first principles models could perhaps tune the hydraulic loss 471 

coefficient to account for this phenomenon. 472 
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4.8. Overflow Leakage Losses 473 

Overflow leakage passes through a triangular cross-section, consequently, models presented in the 474 

literature are adapted from triangular weir equations [104], [123], [140], [147]:  475 

 

 

(15) 

where g is the gravitational constant (9.81 m/s2) and μ is a coefficient usually set to μ = 0.537 [100], 476 

[147]. However, a value of μ = 1.0633 was suggested in [123] to account for kinetic energy and surface 477 

velocity distribution. Eq. 15 is only valid if zwl exceeds zmax (i.e. f > 1).  478 

Songin and Lubitz [118] suggested extending Eq. 15 to account for shear stress and surface current 479 

effects. This resulted in a model overflow for laboratory-scale screws: 480 

 

 

(16) 

Here the rotation speed is non-dimensionalised by the Muysken limit (equation (2)) to yield ωnd. 481 

Equation (16) was shown to improve model accuracy experimentally, but further development is 482 

required to make it applicable to full-scale ASGs [102]. 483 

4.9. Dynamic Flow Phenomena 484 

Waves on water surfaces in buckets have been observed by the authors in experiments [101], 485 

during site visits, and in simulations [148]. Waveform development seems chaotic. As a bulk flow, a 486 

“sloshing” phenomenon was observed that led to overflow in only some buckets along the screw length. 487 

An example of uneven bucket filling along a screw is visible in the CFD results of Dellinger et al. [149] 488 

(Figure 7). 489 
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 490 

Figure 7: Visualization adapted from Dellinger et al. [149] showing a Do = 0.192 m ASG with an uneven bucket fill pattern for 491 
a flow rate of Q = 2.8 L/s, rotational speed of 70 RPM, and inclination angle of β = 24°. 492 

The authors theorize that these patterns of varying fill with length are an artifact of the process of 493 

water filling and initial bucket formation at the ASG inlet. It was originally theorized that the uneven 494 

bucket water level distribution was due to imperfections in the screw during manufacturing (varying gap 495 

width, bucket width); however, the appearance of this phenomenon in a geometrically perfect CFD 496 

simulation indicates that is not the case. As the blades rotate, water rushes into each bucket as it forms 497 

with significant momentum. In a static system, water would slosh back-and-forth in an enclosed bucket 498 

until the oscillations equilibrated. So, in an operating screw, the water sloshes as the buckets translate 499 

down the screw – causing variable fill levels related to the bulk volume “sloshing” frequency. This 500 

phenomenon may have an impact ASG performance and would be valuable to quantify. 501 

Quantifying this phenomenon experimentally is difficult. Since a screw is a fully enclosed system 502 

with rotating helical blade faces it is difficult to use Particle Image Velocimetry (PIV) techniques to 503 

quantify fluid motion in the screw’s buckets. CFD offers a potential solution to this problem, although 504 

analysis of this problem has not been located in the literature. 505 

4.10. Computational Fluid Dynamic Models 506 

CFD has been used to investigate variations in ASG performance due to changes in pitch [150], 507 

number of blades [120], [150], flow rate [133], [151], outlet variations [152], pressure and velocity 508 

characteristics [125], [150], and inclination angle [120], [133], [148], [151], [153]. Numerical simulations 509 
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in the literature include simulations of single buckets and multiple coupled buckets [145], [146], as well 510 

as full-scale dynamically meshed domains [125], [148], [151]. 511 

Full-scale dynamically meshed ASG simulations are the most computationally expensive CFD 512 

models, but these can provide the most insight for general model development. For example, further 513 

efforts to model predictions applicable for both laboratory- and powerplant-scale ASGs are underway 514 

using a full-scale CFD model [148]. However, due to computational constraints, other domains may be 515 

appropriate. Modelling gap leakage, for example, required high levels of mesh refinement in the gap 516 

region; this was accomplished by simulating a single- and multiple-coupled-bucket domain to quantify 517 

effects with and without gap leakage [146]. 518 

CFD studies of ASGs provide valuable insights for future performance model developments. A 519 

validated numerical simulation provides accurate approximations of ASG performance characteristics 520 

and allows researchers to explore the performance and specific phenomena in any imaginable ASG 521 

design without the costs associated with traditional experiments or field work. 522 

5. Economics of Archimedes screw generators 523 

Archimedes screws have a simple, robust construction with minimal requirements for difficult, high 524 

tolerance fabrication. Consequently, it is possible to produce simplified ASGs with local resources in 525 

remote, off-grid communities, or as an inexpensive option for on-grid energy production. Figure 1 526 

illustrates the main components of an ASG system, which include a trash rack, sluice gate or stop logs 527 

(to control intake level and flow), gearbox and generator, upper bearing, Archimedes screw, trough, 528 

lower bearing, plus civil works and electrical components. 529 

ASGs require a screen (commonly termed “trash rack”) upstream of the screw to prevent entry of 530 

large debris (i.e. floating logs, etc.). However, very coarse screens suffice (i.e. 100 mm openings [95]) 531 



 

30 
 

since sediment, debris, and even fish may pass through the screw unharmed due to the robust design, 532 

low rotation speed, and large interior spacing in ASGs [87], [89], [93]. 533 

A gearbox or other transmission converts the low screw rotation speed to standard generator 534 

speeds (750 RPM to 1800 RPM). Most other hydropower turbines operate at high speeds and do not 535 

require a gearbox, so this is an additional installation and maintenance cost associated with ASGs. 536 

However, the overall cost of installation and maintenance of an ASG powerplant is low compared to 537 

other technologies [154].  538 

For a specific UK site, it was found an ASG would produce about 15% higher energy output for 10% 539 

less cost than a comparable Kaplan turbine; the ASG was 22% less expensive per MWh [154]. However, 540 

it should be noted that the optimal choice of technology is highly site-specific. Generally, ASGs have low 541 

civil construction costs because they are often retrofit to existing infrastructure such as an old mill site 542 

or flood control dams and require different powerhouse structures than more common hydropower 543 

technologies [99]. 544 

ASG maintenance and operating costs are also comparatively low [155]. The main wearing 545 

components are the bearings, screw blades, and trough, but there are fewer wearing cycles per unit 546 

time than in other turbines due to low rotation speeds. The lower bearings are designed to operate fully 547 

sealed and lubricated with minimal maintenance requirements. Screw manufacturer Spaans Babcock 548 

Hydro Power suggested a 30 year lifetime for a screw [99]. Many screw plants have slotted civil works 549 

that extend past the screw outlet so a temporary stop log system can be inserted to dry out the lower 550 

portion of the screw during bearing maintenance.  551 

Operating costs of a micro-hydropower installation also vary with plant size. A 25 kW plant may 552 

have an annual operating cost of 4000 GBP (6120 USD) per year, while a 500 kW installation may cost 553 

48300 GBP (73900 USD) per year. Archimedes screws should have lower operating costs than this 554 
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estimate since their intake screening requirements are much coarser than other hydroelectric 555 

technologies [156]. 556 

In a survey of site owners and operators, Lashofer et al. found that specific investment costs ranged 557 

from 0.5 to 2.2 €/kWh (0.64 to 2.82 USD/kWh, exchange rate at time of study) [41]. A 25 kW plant was 558 

estimated to cost 169 000 GBP (259 000 USD, exchange rate at time of study), or 6800 GBP/kW (10 400 559 

USD/kW), while a 500 kW plant was estimated at 1.6 million GBP (2.45 million USD), or 3200 GBP/kW 560 

(4900 USD/kW) [157]. Relative plant costs decreased as plant size increased.  561 

A 260 kW hydropower project (constructed in Kilnhurst, UK, 2015) that utilized a pair of Archimedes 562 

screws had an estimated project cost of 3.25 million USD [158], including measures to improve aquatic 563 

wildlife passage up- and downstream of the installation.  564 

A feasibility study proposed that a single 150 kW screw (proposed in London, UK, 2009) would cost 565 

848 000 GBP (1 332 000 USD, exchange rate at time study) to install and would incur annual costs of 566 

5700 GBP (8950 USD), including annual costs of: 600 GBP for operational costs, 1000 GBP for insurance, 567 

1500 GBP for rates, 400 GBP for meter reading, and 2200 GBP for equipment maintenance [159]. The 568 

total annual revenue of this single screw was estimated at 124 000 GBP (195 000 USD), yielding a 569 

payback period of 7 years assuming a conservative system efficiency of 60%. The payback period 570 

decreased to 6 years for a two- or three-screw installation [159]. 571 

To make investment more manageable, Archimedes screws are well-suited to distributed 572 

ownership, or community-based development. Examples include the Whitby Esk Energy hydroelectric 573 

plant in Whitby, UK and Torrs Hydro in New Mills, UK. These sites are run by Esk Energy (Yorkshire) Ltd. 574 

[160] and Torrs Hydro New Mills Ltd. [161], respectively. 575 
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6. Research Needs 576 

The literature does not decisively address the issue of size scaling in ASG power prediction models; 577 

models were often developed using primarily laboratory-scale experimentation and may not be 578 

applicable to full-scale ASG powerplants. Numerical simulation offers the ability to evaluate and develop 579 

models across any scale ASG. As an extension, current leakage models may be revisited since CFD 580 

modelling techniques offer novel, quantitative insight into both gap- and overflow leakage. 581 

Inlet loss modelling could be improved by developing a first principles model that incorporates 582 

discharge and rotation speed. Quantifying inlet loss is an integral step in optimizing inlet channel design 583 

to minimize entrance losses. As well, it may help to determine the height to place the screw inlet within 584 

a canal or penstock with respect to the weir crest. 585 

Outlet expansion and submersion losses are currently modelled empirically. A general outlet loss 586 

model for all scales of ASGs would assist designers. Improved outlet modelling will aid in optimizing 587 

screw design, including further investigation of end treatment effects. Some preliminary investigation 588 

was conducted regarding screw length and inclination angle optimization [162], but it was carried out at 589 

the laboratory-scale. Further investigation would be beneficial, particularly with respect to 590 

manufacturing costs; though it may prove difficult due to their proprietary nature. 591 

Study of the internal fluid mechanics of a bucket using full-scale, transient CFD simulations paired 592 

with experimental investigations of the “sloshing” phenomenon (cf. Section 4.9) might aid in 593 

quantification of internal shear losses during operation. The “sloshing” effect suggests there is non-594 

negligible kinetic energy within a screw’s buckets that does not necessarily contribute to power 595 

production. Knowledge of internal bucket mechanics (kinetic energy and frictional losses) may improve 596 

accuracy of current power prediction models. 597 
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Discussions with plant operators suggested algal growth on ASG blades exacerbated frictional 598 

losses and increased capillary flow during operation, suggesting surface roughness has a significant 599 

impact on plant performance. Further study of this phenomenon is required to document and quantify 600 

this loss in the literature.  601 

Further investigation into optimizing variable speed operation of ASGs also seems necessary. 602 

Variable speed operation was shown to successfully improve plant efficiency [132], as such, the majority 603 

of new installations utilize variable-speed operation. However, variable-speed operating system 604 

algorithms are proprietary and therefore lacking in the literature. 605 

Finally, many Archimedes screw power plants contain multiple screws. Some power plants with 606 

widely varying year-round flow duration curves might benefit from multiple screws; for example, one 607 

smaller screw could operate at the base flow and a larger, variable-speed screw could operate during 608 

higher flows. As far as the authors are aware, the literature does not contain discussions on optimization 609 

of multi-screw installations. 610 

7. Conclusion 611 

Archimedes screw generators are an eco-friendly hydropower technology that are economically 612 

viable due to a simple, robust design, low cost of installation and maintenance, and potential range of 613 

operating conditions. The technology is appropriate for small-scale hydropower and run-of-river 614 

installations. There are many site-specific variations in plant design (e.g. variable inclination angle to 615 

cope with tidal variations in lower water level, snorkel design to prevent powerhouse flooding, etc.). 616 

Modelling techniques may be used to design an ASG site for specific conditions, provided site data is 617 

available for flow rates and water levels. 618 

The recent literature contains a great deal of material useful for the design and optimization of an 619 

Archimedes screw generator installation. The redesign and creation of some power loss predicting 620 
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models and optimization models would be beneficial to further the accuracy and reliability of 621 

Archimedes screw generator design and, by extension, optimally design a powerplant before 622 

installation. 623 
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 1009 

Appendix 1010 

Table A1: Index of example hydropower plants from Fig. 2. Turbine types are identified as follows: Archimedes screw 1011 
generators (A), Crossflow turbines (C), Kaplan/Propeller type turbines (K), Francis turbines (F), Pelton turbines (P), Turgo 1012 
turbines (T), VLH turbines (V), Undershot waterwheels (U), Overshot waterwheels (O), and Breast-shot waterwheels (B). 1013 
Data from various sources [44], [45], [54]–[63], [46], [64]–[68], [47]–[53]. 1014 

Site 

Number

Turbine 

Type
Site Identification City Country Q (m3/s) H (m) Reference

1 A Widdington Linton-on-Ouse UK 14.5 3 https://www.landustrie.nl/

2 A PicoPica Ena Japan 0.01 0.1 http://www.unido.or.jp/en/technology_db/5276/

3 A Buckfast Abbey Buckfastleigh UK 2.33 4.33 https://www.renewablesfirst.co.uk/

4 C Universiti Kebangsaan Malaysia Bangi Malaysia 0.02 1.2 Razak et al. (2010)

5 C Elora Elora Canada 8.8 11.6 http://www.ossbergerhydro.com/projects.html 

6 C Aspen Aspen Colorado 1 47.5 http://www.ossbergerhydro.com/projects.html 

7 K Novarina - - 0.58 4.85 Quaranta (2020)

8 K Engineer Sérgio Motta Dam São Paulo Brazil 950 10 https://www.ge.com/renewableenergy/

9 K Peixe Angical Peixe Brazil 293.3 40.9 http://voith.com/

10 F HS Dynamic Hong Kong China 0.05 12 https://www.hs-dynamics.com/

11 F Candelaria Chisec Guatemala 3.79 129.45 https://www.gilkes.com/

12 F Jhimuk Hydropower Plant Khaira Nepal 513.9 162 https://nwrmap.info/hydropower/

13 P Blair Castle Blair Atholl UK 0.092 112 https://www.gilkes.com/

14 P La Esmeralda Dam Chivor Columbia 20 800 https://www.hydropower.org/case-studies/

15 P Hidroelectrica Choloma S.A Guatemala City Guatemala 2.5 438 https://www.gilkes.com/

16 T Balbeg Inverness UK 0.15 30 http://www.highlandeco.com/

17 T Grytviken Grytviken South Georgia 0.472 65 https://www.gilkes.com/

18 T Pungwe B Honde Valley Zimbawe 3 176 https://www.gilkes.com/

19 V Isola Dovarese HPP Isola Dovarese Italy 11.75 3.2 http://www.vlh-turbine.com/

20 U Queen's Mill Castelford UK 3.9 2.1 Quaranta (2020)

21 U Undershot Waterwheel - - 0.28 0.58 Quaranta (2020)

22 U Treviso Waterwheel Treviso Italy 1.38 0.95 Quaranta (2020)

23 O Hydrowatt - - 0.6 3 Quaranta and Revelli (2018)

24 O Cooperation project MAE-FAO - Italy 0.04 5.5 Quaranta and Revelli (2018)

25 O Alan Stoyel and Graham Hackney - - 0.15 3.5 Quaranta (2020)

26 B Moter Saenger - - 0.7 2.6 Quaranta (2020)

27 B Rigamonti Giovanni Pusiano Italy 0.1 1.6 Quaranta (2020)

28 B The Mill of Borgo Cornalese Villastellone Italy 1 1.85 Quaranta and Revelli (2018)  1015 


