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Summary. This study provides a technical and economic analysis 
of a photovoltaic plant providing power supplies to a municipal
waste water treatment plant. Power generation in a photovoltaic
farm was considered in its two aspects, that is connected to the 
grid with an option of feeding power to the grid in case of over-
production and as an autonomous system which will generate 
power exclusively for the needs of the waste water treatment 
plant without the possibility of supplying power to the grid. On 
basis of the analysis it was concluded that the operation of the 
photovoltaic farm within the power grid is a better solution. In 

environmental effect in form of reduction of CO
2
emission. In 

order to implement photovoltaic installations in its facilities, the 
municipality should apply for various subsidies due to the fact 
that only a subsidy covering above 50% of investment costs will 

Key words: photovoltaic farm, technical and economic analysis 
of photovoltaic installations, waste water treatment plant, subsi-
dies for renewable energy sources.

INTRODUCTION

Total capacity of commercial power plants in Poland 
amounted to 37,4 GW as per the end of 2012. 82% of them 

-
sources, such as hard coal and brown coal. According to 

of renewable energy installations amounts to 4,4 GW, out 
of which 2,5 GW is made up by wind turbines, 0,96 GW by 

plants. Solar power stations are a novelty in this listing, as 
currently there are only nine photovoltaic farms operating 
in Poland, with a summed capacity of 0,0013 GW. In near 
future another four sites are planned to be commissioned 
which will increase the nationwide solar power output up 
to 0,0063 GW. The development of such installations is 
determined both by means of appropriate regulations [di-

rective 2009], as well as environmental and economic as-
pects. Renewable energy sources do not emit any harmful 
pollution to the atmosphere, including the most burdensome 
CO

2
. The necessity to reduce the emission of greenhouse 

gases provides a very strong impulse for the development 
of environment-friendly energy sources. This necessity is 
imposed on Poland under international obligations stipulated 

Convention on climate change [4, 9]. As an additional stim-
ulus for the development of renewable energy sources, the 
Ministry of Economy enacted a decree of 18th October 2012 
which forces the power distribution companies to acquire 
power from renewable energy sources. According to the 
decree valid as of 1st January 2013, the percentage share 
of renewable energy sources in the Polish power system 
should increase regularly by one per cent from 12 in 2013 
to 20% in 2021 [Decree 2012]. Apart from promoting major 
sites using renewable energy sources, works are currently 

-
ing system of renewable energy sources, as a development
opportunity not only for local communities, but also local 
governments, as assumed among other in the act on power 

a leading role in the promotion of energy savings and usage 
of renewable energy sources [Journal of Laws 2011]. Out of 
many available renewable energy sources, small photovolta-
ic installations attract ever larger interest of administrators 
of municipal buildings, as they may be used to cover their 
own power demand and to sell the excess of electric power 
[19]. The economic calculation is the essential criterion 

[16, 20]. In practice, an energy balance analysis cannot act 
as a decisive factor for the selection of a given type of in-
stallation. A potential user should assess both the technical 
and economic aspects of each of the considered systems and 
choose the most advantageous one from the perspective of 
its entire lifespan [1, 8, 13, 15]. 
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The goal of this study is to deliver a technical and eco-
nomic analysis of a photovoltaic plant providing power 
supplies to a municipal waste water treatment plant located 
in the South of Poland. The scope of research covers an 
operating analysis of a photovoltaic farm in its two aspects, 
that is connected to the grid with an option of feeding power 
to the grid in case of overproduction and as an autonomous 
system which will generate power exclusively for the needs 
of the waste water treatment plant without the possibility of 
submitting power to the grid. 

SCOPE OF RESEARCH

The facility covered in this research is a municipal waste 
water treatment plant which is planned to be equipped with 
a photovoltaic farm in order to cover the electric power 
demand of the receivers located within the plant. The re-
ceivers include lamps, electric sockets for portable receivers 
and three-phase receivers. Asynchronous motors powering 
the waste water treatment process machinery will act as 
the main power receivers. The power demand of currently 
installed and operating receivers within the waste water 
treatment process amounts to 105,9 kW. The total power 
demand of electric power receivers amounts to 116,9 kW. 
As the assumed coincidence factor amounts to 0,41, peak 
power demand of the facility is 48,1 kW. After the commis-
sioning of the second reactor, the planned power of installed 
receivers will grow to 182,7 kW, while their peak power will 
reach 75 kW. Real yearly consumption of electric power by 
all receivers operating in the waste water treatment plant at 
150 [MWh].

TECHNICAL ANALYSIS

The following criteria were used for the calculation of 
active surface of photovoltaic modules: 
1. Maximum photovoltaic farm power should not exceed 

the peak power subscribed with the power supplier, 
increased by the mean value of power demanded by 
electric devices installed at the waste water treatment 
plant.

2. Power generated by the PV farm should cover at 
least 90% of demand in the summer half of the year 
(April-September).

reactors of the plant are operating; therefore, a growth
of power consumption and power demand by electric 
devices of the waste water treatment plant by 62,26% 
was assumed. 

4. The smallest photovoltaic farm to be considered in the 
analyses should meet the criterion 1 and 2 at current 
power and energy demand, that is operation of a single
waste water treatment plant reactor. 
On basis of the adopted criteria 1-4, and considering 

200 W/m2 up to 350 W/m2, three variants of photovoltaic 
module surface were adopted according to insolation value 

of 200 W/m2 , 250 W/m2 , 350 W/m2 . The pa-
rameters and average costs of such installations are provided 
in table 1.

Listing of photovoltaic plant parameters for three 
variants

Variant W1 W2 W3

Mean power demand [W] 30000 30000 30000
2] 200 250 350

13,9 13,9 13,9

Required receiving module 
surface [m2]

1100 860 620

Peak farm power [Wp] 153061 120000 85714

Maximum farm power [W] 137755 108000 77143

Cost of photovoltaic modules, PLN 1726531 1353600 966857

Installation cost (20% cost of 
cells), PLN

345306 270720 193371

Project costs, PLN 25000 25000 25000

Inverter, PLN 160000 160000 100000

Power connections and commis-
sioning, PLN

69061 54144 38674

System maintenance and insurance 17265 13536 9669
2343 1334

After determining the power generation potential for 
such a selection modules, a further analysis of cover-
age of power demand of the waste water treatment plant 
could be performed. The conducted research considered 
a photovoltaic farm connected to the grid with an option 
of feeding power to the grid in case of overproduction 
and an autonomous system which will generate power 
exclusively for the needs of the waste water treatment 
plant without the possibility of submitting power to the 
grid. For the purpose of the analysis, a mean power output 
in a 25-year lifespan was adopted. Due to the planned 
commissioning of the second power plant reactor, the 
analysis of power demand was performed with the con-
sideration of the forecast energy consumption after the 
extension. Within the calculations of the coverage rate, 

considered along the lifespan. The estimated mean cover-
age of power demand of the waste water treatment plant 

to 36-65% in case of a farm connected to grid, while in 
case of an autonomous solution, the coverage the plant’s 

on the adopted variant. 

Fig. 1. Coverage of power demand of the waste water treatment 
plant in a lifespan perspective of 25 years.
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Fig. 2. Photovoltaic farm underload in autonomous operation

If the farm operates autonomously, 42-44% of power 

water treatment processes with the photovoltaic farm. As 
a solution for this problem, electric batteries could be used, 
however due to the high power storage costs amounting 
from 0,6 to 1,2 PLN per kWh [7] such option has not been 
considered in further research.

ECONOMIC ANALYSIS

on basis of the following economic factors [2, 5, 6]:

water treatment plant should be based on objective criteria. 
Excess of effects over expenditures is regarded commonly 
as such a criterion. The technical and economic analysis was 
performed on basis of simple and complex evaluation methods 
of asset investments, based on discount rate and considering 

retrieve the capital expenditures incurred for the delivery 

[years].

Calculated from the commissioning of investment until 
-

pensates the expenditures.
Pay-back period (PBP), that is the period in which dis-

Discounted pay-back period considers the changing value 
of the investment amount in time:

[years].

Net present value (NPV). Sum of all future income of 
the investment lifespan calculated per the current year and 
reduced by the incurred capital expenditures:

[PLN]

Net present value ratio (NPVR) captures the relation of project net value and the value 

.

Net present value ratio (NPVR) captures the relation 
of project net value and the value of capital expenditures 
necessary to acquire NPV:

NPV
NPVR  [PLN].

NPVR is an auxiliary index allowing to select the in-
vestment option by comparing projects that are similar in 
terms of structure, capital expenditures, lifespan etc. In most 
cases, the following condition has to be met:

maxNPVR .

Internal rate of return (IRR). Calculated on basis of cash 

value equals zero (5): 

[%]

Dynamic generation costs equals the price which enables the acquisition of discounted 

.

Dynamic generation costs equals the price which enables 
the acquisition of discounted income equalling discounted 
costs. In other words, DGC shows the technical cost of ac-

This cost is indicated in PLN per unit of environmental 

of the project:

[PLN/kgCO2],

where:

installation lifespan years).

t

t

and n the last year of system operation,
EE

t

each year. Environmental effect to which p
EE

 price per 
physical unit is assigned (assuming that price is constant 
during the entire period covered by the analysis),

p
EE

The following components were used for the purpose 

1. Sales revenues on ownership rights to power generation 
with a renewable energy source, so-called green certif-
icates. Value of ownership rights in 2011 amounted on 
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average to 285 PLN/MWh and it is estimated to grow 
by 2-3% per year (2% in the analysis).

2. Costs avoided thanks to not purchased power. In the 
analysis, an electricity price growth of 4,5% was adopted 
(according to historical data from 2000-2010). 

a growth by 4% was assumed.

the PV farm (mean value for a 25 year lifespan) according 

The following data were used to calculate the economic 
rates.

Variant W1 in grid W2 in grid W3 in grid W1 W2 W3

kPLN 224,86 169,89 121,47 80,32 59,37 45,03

100% of own funds, 50% subsidy and 75% subsidy from 
environmental funds.
In the calculations it was assumed that the provisions 

after 2012. The results of the performed economic analysis 

While analysing the evaluation factors one can conclude 
that the operation of the photovoltaic farm within the pow-

grid-connected variants W1 is the best one, regardless of the 
subsidy value from funds supporting renewable energy sourc-
es. In case of smaller own funds, W3 is an alternative solution, 

-
geous in comparison to variant W2. The exemplary course of 
NPV rate as a function of installation lifespan is presented on 

3 and 4), the operation of the photovoltaic farm as an autono-
mous facility will generate losses in each variant, as indicated 
by the negative NPV values and PBP return period exceeding 
project lifespan. Asubsidy covering above 50% of investment 

Fig. 3. Course of NPV rate in the operating period, assuming 
own project funding

Variants of grid-connected installation

Rate Subsidy value W1 W2 W3

NPV

Own funds 485,4 kPLN 342,3 kPLN 253,3 kPLN 

Subsidy 50% 1 756,5 kPLN 1 274 kPLN 915,2 kPLN 

Subsidy 75% 2 338 kPLN 1 756,9 kPLN 1 246,2 kPLN 

IRR

Own funds 8,01% 7,77% 7,84%

Subsidy 50% 19,23% 18,07% 18,20%

Subsidy 75% 38,93% 36,71% 36,95%

SPBP

Own funds 10,7 years 10,9 years 10,8 years

Subsidy 50% 5,1 years 5,4 years 5,4 years

Subsidy 75% 2,6 years 2,7 years 2,7 years

PBP

Own funds 17,3 years 18,0 years 17,8 years

Subsidy 50% 6,3 years 6,8 years 6,7 years

Subsidy 75% 2,9 years 3,1 years 3,0 years

Autonomous variants

NPV

Own funds - 1 290,3 kPLN - 1 097,9 kPLN - 627,2 kPLN 

Subsidy 50% - 127,3 kPLN - 166,2 kPLN 34,6 kPLN 

Subsidy 75% 454,1 kPLN 299,6 kPLN 365,6 kPLN

IRR

Own funds - - 0,15%

Subsidy 50% 4,73% 3,96% 6,45%

Subsidy 75% 13,19% 11,99% 15,92%

SPBP

Own funds 29,0 years 31,4 years 24,5 years

Subsidy 50% 14,5 years 15,7 years 12,3 years

Subsidy 75% 7,2 years 7,8 years 6,1 years

PBP

Own funds no capital return no capital return no capital return

Subsidy 50% exceeds 25 exceeds 25 22,4 years

Subsidy 75% 9,7 years 10,9 years 7,8 years
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Fig. 4. Course of NPV rate in the operating period, assuming 
50% subsidy from funds supporting renewable energy sources

Having analysed the project by means of NPVR and 
DGC rates one can state that power generated in photo-
voltaic farms connected to the grid, in spite of small unit 

PLN to variant W1), brings about a positive environmental 
effect in form of reduction of CO

2

environmental effect generation cost clearly distinguishes 
variant W1 (DGC=-0,4PLN/kgCO

2
) from other variants 

Fig. 5. NPVR rate and technical generation cost in case of own 
funding

Also in this case, if a municipality due to limited funds 
does not choose W1, it may choose W3 as an alternative. It 
is worth noting that complete own funding for autonomous 

NPVR rate and technical generation cost in case of 50% 
subsidy from funds supporting renewable energy sources

in spite of disadvantageous economic NPVR rates of the au-
tonomous system regardless of the variant, in case of a 50%
subsidy of renewable energy sources, the W1 variant is prof-
itable from the environmental point of view (DGC < 0).

NPVR rate and technical generation cost in case of 75% 
subsidy from funds supporting renewable energy sources

In case of subsidising 75% of project value, all variants 

W1 in case of grid connection and W3 in case of autono-

only slightly worse (0.03PLN) in its environmental aspect 
than others.

CONCLUSIONS

1. While analysing the evaluation factors one can con-
clude that the operation of the photovoltaic farm within 

rates. Out of grid-connected variants W1 is the best one, 
regardless of the subsidy value from funds supporting 
renewable energy sources. In case of smaller own funds, 

PBP, which are the most advantageous in comparison 
to variant W2. 

2. Having analysed the project by means of NPVR and 
DGC rates one can state that power generated in photo-
voltaic farms connected to the grid, in spite of small unit 

effect in form of reduction of CO
2
 emission. The envi-

ronmental effect generation cost clearly distinguishes 
variant W1 (DGC=-0,4PLN/kgCO

2
) from other variants. 

If a municipality due to limited funds does not choose 
W1, variant W3 is the best alternative. It is worth noting 
that complete own funding for autonomous operation is 

3. In case of subsidising 75% of project value, all variants 

is W1 in case of grid connection and W3 in case of au-
tonomous operation. This variant generates the greatest 

slightly worse in terms of environmental aspect than 
others.
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