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Abstract 8 

This paper presents a new type of PV structure called delta, ΔS(60). This was developed in 9 
order to achieve a constant irradiance daily profile similar to that obtained with a North-South 10 
horizontal axis tracker (1xh) since this constancy is essential for a number of PV applications, 11 
namely for PV irrigation systems. A comparison between these two structures and a tilt-fixed 12 
one oriented to the Equator, S(25), is presented. The results show a great performance of ΔS(60) 13 
for PV irrigation systems: to achieve the annual water volume pumped with a 1xh, the PV 14 
power needed for ΔS(60) is less than that needed for S(25). Furthermore, the values of a new 15 
parameter called the “constancy index” are as good as that obtained with a 1xh, with yearly 16 
mean values of more than 0.95.  17 
 18 
Keywords: constant daily profiles; PV irrigation systems; PV grid-connected systems 19 

1. Introduction 20 

The constancy of in-plane irradiance daily profiles represents a significant advantage for a 21 

number of photovoltaic, PV, applications (Remund et al., 2015), (Litjens et al., 2017), (Luiz et 22 

al., 2018). In particular, when PV irrigation is concerned, this constancy allows the daily water 23 

extraction to be maximized when pumping from flow-limited boreholes, as well as optimizing 24 

PV performance with both constant pressure and water flow such as drip irrigation systems 25 

(EIP-Water, 2012), (Closas and Rap, 2017), (Hartung and Pluschke, 2018).  26 

At first glance, the immediate solution for the constancy of irradiance profiles is to use North-27 

South horizontal axis trackers (Munoz et al., 2015), (Vilela et al., 2003), (Narvarte and Lorenzo, 28 

2008). This type of tracker is commonly used and has largely demonstrated its reliability in 29 

utility-scale PV plants (Lan and Tie Yu, 2015). Nevertheless, when smaller and isolated PV 30 

systems are concerned, trackers are still subject to reliability and cost issues suspects and static-31 

structures used to be preferred (Shingleton, 2008), (Bruno et al., 2015), (GmbH, 2015), 32 

(Nsengiyumva et al., 2018), (Hartung and Pluschke, 2018). However, the classic static structure 33 

oriented to the Equator does not fit the requirement of constant irradiance throughout the day 34 

(Litjens et al., 2017).  35 

In order to have these constant irradiance daily profiles without using solar trackers, this paper 36 

proposes a new and different type of static structure, made up of two halves, one oriented to the 37 

East and the other to the West. In principle, both halves have an inclination of 60
0
 with respect 38 

to the horizontal, which means that an equilateral triangle is made with the two halves and the 39 

ground. We refer to this structure as a “delta structure” and this paper aims at providing the 40 

knowledge about its constant profile and its operational performance, including the possible 41 

mismatch losses due to the different operating conditions of its two halves. The “delta structure” 42 

provides constancy of  irradiance at the price of reducing energy production with respect to an 43 

optimally tilted and Equator-oriented PV array. It is opportune to mention that instead of 44 

maximizing energy production, other objectives have been also addressed for grid-connected 45 

PV systems. In particular, the search of matching PV production with consumption in order to 46 

reduce transmission losses (Velik, 2014) and increase PV penetration (Ruf, 2018). On similar 47 
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lines, the Sacramento Municipal Utility District had promoted PV systems with other than 48 

Equator-orientated surfaces (Barbose et al., 2006).  49 

Furthermore, a new index is proposed to evaluate the constancy of the irradiance daily profile. 50 

For a given time series of N values, xi, describing a general variable profile, a “constancy 51 

index”, kc, can be defined as: 52 

𝑘𝑐 = 1 − 𝜎/µ    (1) 53 

where µ and σ are the mean and the standard deviation respectively 54 

µ = 1 𝑁⁄ × ∑ 𝑥𝑖
𝑁
𝑖=1    and   𝜎 =  √1 𝑁⁄ × ∑ (𝑥𝑖 − µ)2𝑁

𝑖=1   (2) 55 

Based on this new index, this paper also sets out empirical evidence of the irradiance constancy 56 

provided by a delta structure prototype installed on the roof of the Solar Energy Institute of the 57 

Universidad Politécnica de Madrid (IES-UPM) and compares it with those corresponding to a 58 

one-horizontal axis tracker and tilt-fixed structure oriented to the Equator. 59 

Another important and unknown aspect related to the delta structure is the possible electrical 60 

losses due to the different PV module operation temperatures of its two halves, leading to two 61 

different working points of maximum power. This work pays particular attention to evaluating 62 

these electrical mismatching losses when using just a single maximum power point tracker 63 

(MPPT).  64 

Finally, the paper analyses the electrical performance of the delta structure when used for a PV 65 

grid-connected system and for a PV irrigation system, filling the knowledge gap of the 66 

behaviour of this new structure compared with the one-horizontal axis tracker and tilt-fixed 67 

structure. This is made by means of an extended simulation exercise carried out in a 68 

representative location in Portugal. 69 

2. The delta structure  70 

The structure proposed here is a static ground-mounted structure in which half of the PV array 71 

is oriented to the East and the other half to the West, both parts with the same tilt angle, β, 72 

(Figure 1). Hereinafter, this structure will be known as delta structure, ΔS(β). Note that in the 73 

particular case of β=60
0
, the PV array surface seen by the Sun is equal at three moments of any 74 

day: in the morning when the Sun is perpendicular to the East-oriented surfaces, at Midday and 75 

in the afternoon when the Sun is perpendicular to the West-oriented surfaces. These moments 76 

occur about 4 hours before midday, at midday and 4 hours after midday.  In-plane direct 77 

irradiance, B, tends to be the same at these moments, which leads to in-plane global irradiance, 78 

G, reasonably approaching constancy for 8 hours per day. 79 
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 80 

Figure 1 – The delta structure, ΔS(β): The PV array is distributed in two halves. One half is oriented to the 81 
West while the other half is oriented to the East. For presentation clarity, the latter is not pointed out in the 82 
figure.  83 

As a representative example, a ΔS(60), made up of two reference PV modules, has been 84 

installed on the roof of the Solar Energy Institute of the Universidad Politécnica de Madrid 85 

(IES-UPM), Spain. Figure 2 shows the in-plane irradiance observed on a clear day close to the 86 

Summer Solstice (23
rd

 June). Subscripts “E” and “W” mean East- and West-oriented surfaces 87 

respectively, and “Δ” means the average. As expected, the East-oriented part receives more in-88 

plane irradiance in the morning, while the West-oriented one gets more in the afternoon. The 89 

average on both surfaces is presented in red and it can be seen that constancy is almost achieved 90 

during the middle 8 hours of the day. The corresponding kC value for just this 8 hours period is 91 

0.985. Despite their not being shown in the figure, it is interesting to mention that the kC values 92 

for the horizontal irradiance and for the in-plane irradiance over a 41
0
 tilted and South oriented 93 

surface during the same period are 0.837 and 0.787 respectively. 94 

   95 

Figure 2 - The in-plane global irradiance over a ΔS(60) measured on a clear day close to the Summer Solstice 96 
(23rd June 2017) at IES-UPM, Madrid, Spain. In-plane global irradiance in the East- and West-oriented halves 97 
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of the ΔS(60) are presented in blue and green respectively. The average value is in red. It is seen that constancy 98 
is almost achieved during the middle 8 hours of the day. Variations near 8 h and 20 h are due to shadows from 99 
surrounding objects.  100 

This ΔS(β) has been incorporated in SISIFO (IES-UPM, 2017), a PV system simulation tool 101 

developed at IES-UPM and able to deal with different PV array static and tracking structure 102 

possibilities. As a representative case for this paper, we have used this tool to analyse the 103 

performance of a PV grid-connected system and of a PV irrigation system located in 104 

Figueirinha, Silves, Portugal. For comparison purposes, we have considered the ΔS(60) 105 

proposed here and two representative cases of the current state-of-art: a static structure oriented 106 

to the South and tilted 25
0
, S(25), and a single North-South horizontal axis tracker, 1xh, with the 107 

rotation angle limited to 60
0
 and capable of backtracking (Panico et al., 1991), (Lorenzo et al., 108 

2011). 109 

The energy and water pumping performance depend extensively on the particularities of the 110 

inverter and motorpump (power limitation and efficiency curves) and of the borehole and 111 

irrigation system (water flow limitation, irrigation period and pressure requirements), and will 112 

be analysed in the next section. Here, we will only present the aspects which are intrinsic to the 113 

ΔS(60): the constancy of the irradiance profile, the ground cover ratio and the electric losses due 114 

to division of the PV array into two halves subject to different operation conditions.  115 

2.1 Irradiance profiles 116 

The monthly mean daily horizontal irradiation values, Gdm(0), have been obtained from PVGIS 117 

(European Commission, 2017) in Figueirinha (37.941 N, 7.998 W) and corresponding daily 118 

irradiance profiles have been derived using SISIFO, by selecting the Erbs model (Erbs et al., 119 

1982) for decomposition of monthly global values in direct and diffuse components, the 120 

Collares-Pereira and Rabl model (Collares-Pereira and Rabl, 1979) for deriving instantaneous 121 

irradiance from daily irradiation values, and the Perez model (Perez et al., 1986) for 122 

transposition from horizontal to in-plane diffuse irradiances. Soiling and ground reflectance 123 

have been established at 2% and 0.3, respectively, and, finally, the simulation time step has 124 

been set to 1 minute. 125 

Figure 3 shows the in-plane global irradiance evolution on the Summer and Winter Solstices, as 126 

well as the Spring Equinox. This is obtained as the weighted average of the in-plane global 127 

irradiance on each half of the delta, the instantaneous power of each half being the weighting 128 

factor. Table 1 gives the values of kC between 8 am and 4 pm for these 3 days, together with that 129 

corresponding to S(25) and to 1xh. Irradiance constancy provided by the ΔS(60) is nearly as 130 

good as that provided by the 1xh (and the best in the Winter Solstice) and much better than that 131 

corresponding to the S(25). It is worth recognizing that, due to irradiance fluctuations caused by 132 

passing clouds, irradiance constancy on some real days would be lower than that suggested by 133 

the kC values in this table. However, cloud effect is essentially independent of the PV array 134 

structure, so that the good constancy features of the delta in comparison with the other 135 

structures would remain the same. 136 

Table 1 - Constancy index values, for three representative days and for three different PV array structures. 137 

Structure Summer Solstice Spring 

Equinox 

Winter Solstice 

ΔS(60)  0.974 0.971 0.839 

S(25) 0.800 0.756 0.628 

1xh 0.976 0.979 0.834 
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 138 

Figure 3 – The in-plane global irradiance evolution during the Spring Equinox (green), the Summer Solstice 139 
(red), and the Winter Solstice (blue) days at Figueirinha, Silves, Portugal. The highest constancy index is 140 
obtained during the Summer Solstice (0.974), followed by the Spring Equinox (0.971), the lowest value being 141 
obtained during Winter Solstice (0.839). 142 

Figure 4 details the evolution of yearly irradiation and kC versus β. The yearly irradiation 143 

corresponding to the S(25) is also detailed. This helps to explain that the good constancy of the 144 

ΔS(60) is at the price of yearly irradiation losses of about 25% as regards the S(25). 145 
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 146 

Figure 4 –  The constancy index and yearly irradiation for different angles of inclination (from 0 to 900) for the 147 
ΔS(β). As expected, the maximum constancy index is obtained for an inclination of 600 (0.948). The green point 148 
represents the yearly irradiation for S(25). 149 

2.2 Ground Cover Ratio 150 

The expressions of the Ground Cover Ratio equations (Narvarte and Lorenzo, 2008), GCR, for 151 

the three structures in this study are shown in Figure 5. Figure 6 shows the yearly energy yield 152 

versus GCR. The impact of shade has been analyzed by selecting the Martinez model (Martínez-153 

Moreno et al., 2010) in SISIFO, which essentially considers this impact as being directly 154 

proportional to the PV module surface fraction protected by a diode and affected by shade. 155 

Additional details of this model are irrelevant in the context of this paper. 156 
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 157 

Figure 5 – Spacing between adjacent rows in ΔS(β) (a), S(β) (b), and 1xh (c). 158 

 159 

Figure 6 – The evolution of yearly energy yield in Figueirinha for the three structures considered.  160 

The typical row separation for 1xh is LEW equal to 3, which leads to yearly energy losses of 11% 161 

due to backtracking. To achieve the same losses in the ΔS(60) due to shadowing, LEW increases 162 

to 4.5, while that for S(25) is 1.5, leading to the GCR values detailed in Table 2.  163 

Table 2 – The separation between structures (L) and 1/GCR for the three structures in the study. 164 

Structure ΔS(60) S(25) 1xh 

L 4.5 1.5 3 

1/GCR 2.25 1.5 3 

 165 
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2.3 Electrical losses 166 

Because the operating conditions (incident irradiance, G, and solar cell temperature, TC) differ 167 

between the two halves of the ΔS(β), the corresponding PV array must be accommodated in 168 

such a way that all of the PV modules of a same string are installed on the same half. Following 169 

the nomenclature of (de la Parra et al., 2017) and assuming that the two halves of the PV array 170 

are operated at the maximum power point, MPP, the DC power delivered by each half, 𝑃𝑖, is 171 

given by: 172 

𝑃𝑖 = 𝑃𝑖
∗ × 𝐺/𝐺∗ × [1 + 𝛾(𝑇𝐶 − TC

∗)]                 (3) 173 

where the subscript “i” can be either the East or West delta side, the superscript “*” means 174 

Standard Test Conditions  ( G∗ = 1000 W/m2;  TC
∗ = 25oC) and 𝛾 is the power temperature 175 

coefficient of the PV modules. 176 

According to (de la Parra et al., 2017) and  (Fuentes et al., 2007) this model properly combines 177 

simplicity and accuracy.  178 

The total power delivered by the full ΔS(β), PΔ, is just: 179 

𝑃𝛥 = 𝑃𝐸 + 𝑃𝑊            (4) 180 

Since the MPP voltage varies both with irradiance and cell temperature, the MPP voltage of the 181 

two PV array halves is different. Coupling this PV array to a single inverter requires two 182 

different maximum power point trackings, MPPTs, one for each half.  A cheaper alternative, 183 

attractive in practice, consists of using only one MPPT. Then, electrical mismatching losses 184 

appear and equation (3) must include the corresponding correction. For that, it is reasonable to 185 

assume that the MPP voltage of the whole delta structure, 𝑉𝑀𝑃𝑃
𝛥 , is given by the weighted 186 

average of the corresponding values of the two halves, the power being the weighting factor: 187 

𝑉𝑀𝑃𝑃
∆ = (𝑉𝑀𝑃𝑃

𝐸 𝑃𝐸 + 𝑉𝑀𝑃𝑃
𝑊 𝑃𝑊)/(𝑃𝐸 + 𝑃𝑊)             (5) 188 

On the other hand, the MPP voltage of each half, 𝑉𝑀𝑃𝑃
𝑖 , is calculated through the following 189 

equation (Caamaño et al., 2002), (IEC-60891:2009, 2009): 190 

𝑉𝑀𝑃𝑃
𝑖 = 𝑉𝑀𝑃𝑃

∗ × 𝑁𝑠 × [1 −  𝛽(𝑇𝐶 − TC
∗)] + 𝑉𝑡 × 𝑁𝑠 × 𝑙𝑛(𝐺/𝐺∗)      (6) 191 

where  𝑁𝑠 is the number of modules in series, 𝛽𝐶 is the voltage temperature coefficient of the 192 

PV modules and 𝑉𝑡 is the thermal voltage of a module. 193 

Because the irradiance at the two halves is asymmetric, the resulting 𝑉𝑀𝑃𝑃
∆ is slightly lower than 194 

the VMPP of the more illuminated half, so the power corresponding to this voltage can simply be 195 

calculated by linear approximations of the P-V curves. That is: 196 

𝑃𝑖(𝑉𝑀𝑃𝑃
∆ ) = 𝑃𝑖(𝑉𝑀𝑃𝑃

𝑖 ) × [1 − 𝑎𝑏𝑠(𝑉𝑀𝑃𝑃
∆ − 𝑉𝑀𝑃𝑃

𝑖 )/𝑉𝑀𝑃𝑃
𝑖 ]      (7) 197 

Then, the total power of the delta structure with only one MPPT (𝑃𝑀𝑃𝑃
∆ ) is obtained as the sum 198 

of both surfaces (as in equation (4)). So, the electrical mismatching losses (FML) are obtained as 199 

the difference between the power obtained with two and one MPPT – equation (8).  200 

𝐹𝑀𝐿 = (𝑃𝛥 − 𝑃𝑀𝑃𝑃
∆ )/𝑃𝛥 × 100              (8) 201 
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It is interesting to point out that electrical mismatching losses are higher in the less illuminated 202 

half of the delta, which contributes less to the instantaneous available PV power.  203 

As a representative example, Figure 7 shows the DC power considering one and two MPPTs 204 

over a typical day of June (in blue) as well as the electrical mismatching losses during the same 205 

period (in orange). Mismatching losses at midday are null since the operation conditions are 206 

equal on both sides of the ΔS(60). As we move away from noon, the difference in operating 207 

conditions increase and the electrical mismatching losses also increase. 208 

 209 

Figure 7 - DC power with 1 and 2 MPPTs, as well as electrical mismatching losses over a typical day of June. 210 
The monthly mean of electrical mismatching losses is 2%. 211 

Figure 8 shows the monthly electrical mismatching losses throughout a typical year, the yearly 212 

mean being 2.4%. The minimum value, 1.9%, is achieved in July, while the maximum is in 213 

December, 3.5%. It is worth underlining that, in applications such as PV irrigation systems, the 214 

losses are lower than the yearly mean because they usually work from May to September. 215 

 216 
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 217 

Figure 8 – Electrical mismatching losses over a typical year. The yearly mean of electrical mismatching losses 218 
is 2.4%. 219 

3. Comparative performance analysis 220 

This section compares the performance of the structure proposed here, the ΔS(60), with the 221 

traditional ones, S(25) and 1xh, within the framework of two different PV applications also 222 

characterized by different constancy requirements: grid connection (PVGCS) and irrigation 223 

(PVIS). The grid connection performance is assessed in terms of yearly energy delivered to the 224 

grid while the irrigation performance is assessed in terms of pumped water over two different 225 

periods: the whole year and from May to September, which is a typical irrigation period for 226 

many crops. 227 

For this reason, we have extended the Figueirinha simulation exercise to a 40 kWp PV 228 

generator mounted on 1xh. 40 kW is also the nominal power of the inverter (for PVGCS) and of 229 

the frequency converter (for PVIS), and both have identical efficiency and just one single MPP 230 

tracker. Their efficiency is calculated using the Schmid model (Jantsch et al., 1992), which is 231 

based on three different parameters: K0 (no-load losses), K1 (linear losses), and K2 (Joule 232 

losses). For this simulation, the values of Schmid parameters for both the inverter and the 233 

frequency converter are K0= 0.0115, K1= 0.0015, and K2=0.0438, which lead to a European 234 

efficiency value of 94.3%. The SISIFO models mentioned in section 2.1 are also selected here, 235 

and the separation between the rows for the three PV array structures are those stated in section 236 

2.2. 237 

The losses scenario includes a soiling degree of 2%, wiring losses of 1.5 and 3% for DC and 238 

AC, respectively, and a ratio between real and nominal power of the PV generator of 0.96 due to 239 

initial degradation and mismatching losses. 240 
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 In the case of the PVIS, a stand-alone PV irrigation system pumping into a water pool is 241 

studied. The pumping head of the system is 50 m and the nominal frequency of the pump is 50 242 

Hz, it being able to work from 38 to 55 Hz. The pump and system curves are shown in Figure 9 243 

and the main characteristics of the PVIS are summarized in Table 3. 244 

Table 3 – Characteristics of the PV irrigation system. 245 

Parameter Value 

Type of PV irrigation system Stand-alone 

Type of pumping Water pool
1
 

Pumping head [m] 50 

Working flow [m
3
/h] Variable 

 246 

Figure 9 – System (blue solid line) and pump curves (orange solid line represents 50 Hz and the points marked 247 
with circles have been obtained from manufacturer information, the remaining dashed lines corresponds to 248 
frequencies different from 50 Hz).   249 

Table 4 presents the AC energy (EAC) produced for PVGCS and the water volume for PVIS by a 250 

40kWp 1xh. Yearly values are presented for both cases, while the water volume is also 251 

presented for the typical irrigation period. 252 

Table 4 - AC energy for a PVGCS and water volume for a PVIS for a 40 kWp 1xh. NA means not applicable. 253 

 PVGCS PVIS 

 EAC [kWh/kWp] 
Water volume 

[m
3
/kWp] 

Yearly  2148 6289 

Irrigation period NA 3308 

 254 

The PV peak power (P*) needed for ΔS(60) and S(25) to deliver the same AC energy (EAC) and 255 

water volume than the 40 kWp 1xh are shown in Figure 10 and Figure 11. The AC energy 256 

                                                           
1
 The type of pumping “Water pool” is characterized by variable water flow and pressure depending on 

the working frequency. 
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(EAC), water volume and peak power (P*) are normalized by the values corresponding to the 40 257 

kWp 1xh detailed in Table 4 and known here as EAC1xh, Water volume1xh and P*1xh.  258 

 259 

Figure 10 – The yearly AC energy produced by a PVGCS with ΔS(60) and S(25) normalized by the AC energy 260 
produced by a 40 kWp 1xh (EAC/EAC1xh) as a function of its PV peak power normalized by the 40 kWp peak 261 
power of 1xh (P*/P*1xh). The two points with EAC/EAC1xh =1 represent the required oversizing of ΔS(60) and 262 
S(25) PV peak power to equal the performance of the 40 kWp 1xh. 263 

 264 

Figure 11 – Water volume pumped by a PVIS with ΔS(60) and S(25) normalized by the water volume pumped 265 
by a 40 kWp 1xh (Water volume/Water volume1xh) as a function of its PV peak power normalized by the 40 266 
kWp peak power of 1xh (P*/P*1xh).  The continuous lines represent yearly values and dashed lines show the 267 
water volume pumped during the irrigation period. The points with Water volume/Water volume1xh =1 268 
represent the required oversizing of ΔS(60) and S(25) PV peak power to equal the performance of the 40 kWp 269 
1xh. 270 
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From these figures, it is possible to conclude that to guarantee the same yearly energy and water 271 

volume for the ΔS(60), it is necessary to install 1.75 times the peak power of the 1xh, while, in 272 

the case of S(25), it is necessary to install 1.37 times for PVGCS and 1.87 times for PVIS (2 273 

times if we consider just the irrigation period).These values are summarized in Table 5. 274 

It is worth highlighting that the relative peak power needed in the PVIS is higher than that 275 

needed in PVGCS for S(25), which can be explained because in the case of a PVIS the system 276 

only starts in the morning when the AC power is higher than the minimum needed to pump the 277 

water from the borehole to the tank (in this case 7 kW). This occurs earlier in the morning in 278 

ΔS(60) than in S(25), working more hours a day in the first case. Symmetrically, a similar 279 

behaviour occurs at the end of the day. Therefore, due to the shorter pumping period, to equal 280 

the volume of water pumped during the irrigation period, the peak power of S(25) must be 281 

doubled.  282 

Table 5 – PV generator size needed to guarantee the same yearly AC energy (for a PVGCS) or water volume 283 
(for a PVIS) than a 40 kWp 1xh 284 

 ΔS(60) S(25) 

Period__________   𝑷∗/𝑷𝟏𝒙𝒉
∗  𝑷∗/𝑷𝟏𝒙𝒉

∗  

PVGCS – AC energy Annual 1.75 1.37 

PVIS – Water volume 
Annual  1.75 1.87 

Irrigation period 1.75 2 
 285 

Figure 12 (a) and (b) show the AC power of the PVGCS and water flow of the PVIS, 286 

respectively, on a characteristic day of June for the calculated PV generators. At first glance, 287 

1xh and ΔS(60) have a much more constant profile than S(25). Even so, it is easy to see that, 288 

due to the inverter/frequency converter saturation, the constancy of the S(25) is achieved 100% 289 

for a small central time interval. In order to quantify this, the constancy index is applied to the 290 

middle 8 hours of the day (from 8 am to 4 pm) for a whole year and the yearly mean values are 291 

presented in Table 6. 292 
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 293 

(a) 294 

 295 

(b) 296 

Figure 12 – AC power of PVGCS (a) and water flow of PVIS (b) for a characteristic day of June for the three 297 
structures in the study.  298 
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Table 6 – Yearly mean of the constancy index (kC) applied to AC power of a PVGCS and to water flow for 299 
PVIS for the three structures in the study. 300 

 
ΔS(60) S(25) 1xh 

 
 55 kWp 75 kWp 80 kWp  

PVGCS Yearly mean 0.947 0.743   0.951 

PVIS Yearly mean 0.954  0.844  0.956 

PVIS Irrigation 

period 
0.987  

 0.965 
0.992 

 301 

Some interesting results can be elicited from the previous table:  302 

 The values of the ΔS(60) and of the 1xh are very similar for both cases, PVGCS and 303 

PVIS, and higher than the values of S(25).  304 

 The constancy index during the irrigation period is always higher than the yearly mean, 305 

which is very interesting from the point of view of a PVIS. 306 

It is also important to note that S(25) is the one which presents the best improvement from 307 

PVGCS to PVIS. This happens because the peak power in the second case is so high that the 308 

frequency converter works in saturation (55 Hz) for most of the day, i.e., delivering its 309 

maximum power constantly. This is also another reason in favour of ΔS(60): with a similar kC 310 

than S(25) (0.987 versus 0.965), ΔS(60) does not expose the borehole to the stress of working 311 

continuously at maximum flow.  312 

4. Conclusions 313 

A new type of structure called the delta structure, ΔS(60), is proposed in this work in search of 314 

constant in-plane irradiance daily profiles, and its performance is compared with the traditional 315 

ones, S(25) and 1xh, within the framework of two different PV applications also characterized 316 

by different constancy requirements: grid connection (PVGCS) and irrigation (PVIS). 317 

ΔS(60) characteristics are presented and its electrical mismatching losses calculated.  A yearly 318 

mean loss of only 2.4% was obtained (the range of values being between 1.9% in July and 3.5% 319 

in December). 320 

The hypothesis of using the ΔS(60) is of particular interest for PV irrigation systems, especially 321 

when pumping from flow-limited boreholes or working with both constant pressure and water 322 

flow such as drip irrigation systems. The reason is twofold:  323 

 It requires a peak power of less than that needed in a S(25) in order to achieve the same 324 

water volume than 1xh during the irrigation period: 1.75 for ΔS(60) and 2 for S(25). 325 

 The constancy index is as good as that obtained with a 1xh – the yearly mean values are 326 

higher than 0.95, achieving 0.99 during the irrigation period. 327 
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