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The article presents the research of bioelectricity generation by electro-biosystems with mosses in containers with 
soil substrate and a graphite-Zn-steel system of electrodes on green roofs during the autumn-winter-spring peri-
od. The experiment was carried out on the roof of the educational building of Lviv Polytechnic University, Ukraine. 
It was revealed that the optimum conditions for the functioning of electro-biosystems were the temperature above 
+10°С with simultaneous regular humidification of the soil. In these conditions, an average current of 19.50 mA was 
recorded. Electro-biosystems reacted by lowering in the level of the produced bioelectric potential and current at a 
temperature drop below 10°C, particularly in frost, and also in the long absence of atmospheric precipitation. The 
electrode system configuration had an important value for their functionality. Electro-biosystems with a few single 
graphites as cathodes, connected by conductors into a single cathode system to varying degrees survived the win-
ter period; in some of them, connections between the electrodes were damaged due to the effect of frozen water. 
The most optimal configuration of an electrode system for generating bioelectricity was the system consisting of 
one monolithic graphite cathode, located in the depth of the soil under rhizoids and vertically located anodes. This 
electro-biosystem was stable and operated at the initial level after the winter period. Thermo-insulated electro-bi-
osystems with frost-resistant mosses under the conditions of regular humidification are the basis for further devel-
opment and improvement of biotechnology in terms of maximising the obtained bioelectricity and have prospects 
of being used for low-energy consumption needs on green roofs of buildings. 
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Introduction
The technology of arrangement of green roofs, both on 
the roofs of private buildings and on urban high-ris-
es, has become very popular recently as one of the 
new approaches of architecture and urbanisation that 

emerges from the concepts of sustainable urban de-
velopment (Kohler, 2005; Fotouchi, 2015; Konyuhov 
et al., 2019). The quantity of green roofs is increasing 
rapidly every year worldwide. The total area of green 
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roofs in Japan increased about 29-fold between 2000 
and 2013 years (Kuronuma et al., 2018). As part of 
the carbon-neutral city strategy to 2025, Copenhagen, 
Denmark, has become the first Scandinavian city to 
adopt a policy that requires green roofs for all new 
buildings with roof slopes of less than 30 degrees (Сhi-
no, 2010). From 2016, in Cordoba, Argentina, all new 
and existing rooftops with an area of over 400m2 have 
to be turned into green roofs. In Connecticut, the green 
roof industry has increased by 35% every year since 
2007 (Lubell et al., 2013).

Green roofs add the necessary additional green space 
to paved cities covered with asphalt, reducing atmos-
pheric pollution, preserving species biodiversity and 
positively affecting the climate of urban ecosystems 
(Getter & Rowe, 2006; Yang et al., 2008). Green roofs in 
cities are an important tool in dealing with the effects 
of global climate change, reducing urban heat island 
temperatures (Banting et al., 2005; Alexandri & Jones, 
2006) and reducing greenhouse gas concentrations 
(Clark et al., 2005; Dimitrijevic et al., 2018; Kuronuma 
et al., 2018), solving the problem of rainwater runoff, 
reducing the risk of flooding (Mentens & Hermy, 2006; 
Konasova, 2014), insulating buildings from winter cold 
and summer heat (Theodosiou, 2003; Konyuhov et al., 
2019), thereby reducing CO2-dependent energy costs 
for heating and air-conditioning (Oberndorfer et al., 
2009; Castleton et al., 2010). In addition, green roofs are 
promising in terms of receiving bioelectricity (Helder et 
al., 2013a). The essence of obtaining bioelectricity from 
green roofs is that soil electrical-generating microor-
ganisms produce bioelectricity, utilising organic matter 
released into the substrate through the root system by 
actively photosynthetic plants (De Schamphelair et al., 
2008; Kaku et al., 2008; Strik et al., 2008) or in the pro-
cess of decay of organic fall of plant foliage (Timmers 
et al., 2012; Dai et al., 2015).

Most works with bioelectric microbial-plant systems is 
carried out in swampy and synthetic substrates (Helder 

et al., 2010; Timmers et al., 2012; Yadav et al., 2012; 
Liu et al., 2013) with higher plants, mainly by wetland 
residents (Lu et al., 2015; Oon et al., 2015; Wetser et 
al., 2015; Rusyn & Hamkalo, 2018). Requirements for 
plants of extensive green roofs are stress tolerance: 
endurance under limited acreage for root develop-
ment and low nutrient reserves, resistance to intense 
solar radiation and wind, dry and frost resistance (Get-
ter & Rowe, 2006; Oberndorfer еt al., 2009; Konaso-
va, 2014). The low-growing species of succulents of 
the genus Sedum are the most researched and widely 
used plants for extensive green roofs (Monterusso et 
al., 2005; Rowe et al., 2005; Tapia et al., 2017). Mosses 
have high prospects as candidates for extensive green 
roofs (Studlar & Peck, 2009; Konasova, 2014) because 
of their stress-resistance and unpretentious ability to 
form a green roof carpet (Cooper, 1975; Atherton et 
al., 2010; Buck & Goffinet, 2000) and ability to gener-
ate bioelectricity (Bombelli et al., 2016). Therefore, as a 
component of electro-biosystems for green roofs, we 
have chosen widespread species of moss, the elec-
tro-productivity of which has been poorly studied, and 
soil as a substrate for their development.

The technology of microbial-plant bioelectricity re-
quires improvement due to the low productivity and 
freezing of plants in the winter on the rooftops (Helder 
et al., 2013b; Wetser et al., 2017). Whereas mosses 
are frost-resistant plants, using them as a biocom-
ponent of green-roof electro-biosystems could solve 
this problem. In this article, we set ourselves the 
tasks to study out: 1) the possibility and perspective 
of using moss as a biocomponent of electro-biosys-
tems (EBS) with graphite and galvanised-steel elec-
trode systems, developed by us (Rusyn & Medvediev, 
2018) in soil substrate on green roofs; 2) to investigate 
generation of bioelectricity during the autumn-win-
ter-spring period, at frosts and arid periods; and 3) 
to evaluate the role of the configuration of electrode 
systems for bioelectricity production.

Methods

Set up of the experiment

The experiment was carried out on the roof of the ed-
ucational building of the Lviv Polytechnic University in 
the order of approaching the conditions of the green 

roof. In contradistinction to green roofs, the construc-
tion consisted of separate containers with plants 
and electrodes without thermal insulation. For this 
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purpose, 20 containers of 0.0525 m2 each were used, 
in which plants were planted and electrode systems 
were installed for collecting bioelectricity. The moss 
tracks of Hypnum cupressiforme Hedw., Polytrichum 
commune Hedw. and the green cushions of Leuco-
bryum glaucum Hedw. brought from the forest were 
placed in containers on the substrate contained within 
the electrode systems. The medium for plant devel-
opment consisted of a universal soil substrate Eco-
flora. Different configurations of electrode systems 
were analysed in order to select the most effective 
ones. Also, the influence of meteorological conditions 
on the productivity of bioelectricity during the au-
tumn-winter-spring period was studied.

Installation of the electrical component of  
the biosystem

The systems of electrodes constructed by us for col-
lecting and measuring bioelectricity (Rusyn & Med-
vediev, 2018) were located deep in plastic containers 
in the substrate in the zone of association of plant 
rhizoids and microorganisms, where the electrons 
and protons are released. The anodes were plates of 

galvanised steel of 292 x 30 x 0.8 mm, and cathodes 
were graphite plates measuring 90 x 30 x 15 mm 
(Rusyn & Medvediev, 2015). The electrodes were in-
terconnected by copper multi-conductor wires with a 
cross section of 1.5 mm (Rusyn & Medvediev, 2016). 

The cathode system consisted of 8 graphites or one 
entire graphite plate (Fig. 1). In electro-biosystems 
1–4, cathodes were connected with each other by a 
wire almost back to back forming one plate; in elec-
tro-biosystem 5, cathodes were connected by a con-
ductor in such a way that the graphites were at a dis-
tance from each other, to increase the contact area 
of the cathodes with the soil. In electro-biosystem 6, 
cathodes represented one graphite plate in the size 
of 220 x 120 x 15 mm, connected to the wire. Cath-
ode electrode systems were placed horizontally under 
plant rhizoids in electro-biosystems 1–4 and 6, and 
in electro-biosystem 5, vertically under plant rhizoids.

The anode system consisted of 7 plates connected by 
wire and located in a container as follows:
 _ in the form of the letter L on one side of the cathodes 

and below them (EBS 1);

Fig. 1. Cathode and anode system allocation in EBS-containers: 1 – cathode, 2 – anode, 3 – output of the wire connecting the anode system, 
4 – output of the wire connecting the cathode system, 5 – EBS container.

EBS 1

EBS 4

EBS 2

EBS 5

EBS 3

EBS 6
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 _ in the form of the letter L on both sides of the cath-
odes alternately (EBS 2);

 _ plates folded three times in the form of the letter I 
under the graphite system (EBS 3);

 _ in the form of the letter P under the cathodes and on 
both sides of graphites (EBS 4);

 _ in the form of the letter L on both sides of the cath-
odes (EBS 5);

 _ twice-curved plates in the form of letter I on one side 
of the cathodes (EBS 6). 

Measurement and calculation

Measures of current and bioelectric potential were 
performed daily using a digital multimeter. The values 
of the bioelectric potential and current were recorded 
by fixing the multimeter probes on the wires coming 
out of the soil and connecting the cathode and anode 
systems. Bioelectric potential was monitored in time 
over the process of the plant-microbial biosystem in 
an open circle. Experiments were conducted using dif-
ferent loads from 10 to 5000 Ω to determine at which 
external resistance one can get the maximum power 
density. Resistors 10, 50, 250, 500, 1000, 3000, 5000 Ω 
were used as external resistances. The voltage was 
recorded through the external resistor, periodically 
connected to the circle for 15 minutes. For analysis 
of short-term voltage, current and generation of elec-
tricity, polarisation measurements were made sev-
eral times. The polarisation curves were obtained by 
changing the external resistance from 10 Ω to 5 kΩ. 
During experiments, the bioelectric potential was also 
measured when an external resistors 1 kΩ, 3 kΩ, 5 kΩ 
were permanently connected within a few days dur-
ing few weeks. The current was calculated through 

practically measured voltage and resistance and was 
also measured by practically using resistors.

The current was calculated according to the formula (1):

I(A) = 
R(Ω)
U(V)

(1)

and the current density was calculated in accordance 
with the formula (2):

J(A/m2) = 
S(m2)

I(A)
(2)

Where: U – the measured voltage; R – the external 
resistance; S – the experimental area covered by the 
electrodes and plants.

Power density was calculated as

P(W/m2) = J(A/m2) * U(V) (3)

Where: J – the calculated current density; U – the 
measured voltage.

The current density and power density were normal-
ised to the 1-m2 experimental planting area covered 
by the electrodes. The average bioelectric potential 
and current were calculated weekly. The calculation 
of average daily and average weekly ambient temper-
atures and the amount of rainfall was done by pro-
cessing meteorological data from the rp5.ua mete-
orological station archive. The total rainfall per week 
and the daily rainfall were calculated weekly. The re-
ported results were presented as the average of all 
replicate experiments and their standard errors (xSE). 
Significance of difference between average values 
was established using one-way analysis of variance 
and F-test for 95% confidence level.

Results and Discussion
Bioelectricity of electro-biosystems with 
mosses on roofs during the autumn-
winter-spring period. Effect of environment 
temperature on the generation of bioelectricity

The whole complex of meteorological factors has a sig-
nificant influence on the generation of bioelectricity by 
electro-biological systems in external conditions on roofs, 

in particular, the temperature of air, precipitation volume, 
amount of sunlight and related state of plants, viability of 
plants under conditions of sharp fluctuations of temper-
ature and level of humidity. Meteo-conditions influence 
the intensity of plant photosynthesis, the development of 
plants and soil microorganisms, including electricity gen-
erative microorganisms. The influence of meteorological 
factors is more pronounced on the current.
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At the beginning of autumn, in conditions of average 
daily temperature above +10°С, the current in contain-
ers with mosses ranged from 16.28 mA to 22.71 mA 
and was kept at this level for almost the whole au-
tumn. At the end of October, with the decrease in av-
erage daily temperature and regular night frosts, the 
current strength in all containers dropped to an aver-
age of 10.71 mA (Fig. 2). The late autumn and winter 
periods, from the end of November to the end of Feb-
ruary, were characterised by periods of minus mid-
week temperatures from −0.60°C to −3.77°C, alternat-
ing by periods of plus average weekly temperatures 
from +1.85°C to +4.41°C. During the late-autumn-win-
ter period, the current dropped even lower and kept 
low, an average of 3.52 mA; at that time, bioelectric-
ity was produced mainly due to the decomposition of 
plant fallout. During local periods of temperature rise, 
the current increased and decreased significantly dur-
ing frosts compared with the initial values (p < 0.05) 
(Fig. 2). Thus, at the end of December, with a pro-
longed increase in the air temperature to the average 
weekly temperature of +4.40С, the average current 
rose to 11.39 mA, but during long periods of minus 
temperatures in all winter months, was dropping to 
an average of 0.45–0.69 mA. In the first two months 
of spring, the average daily temperature was still low, 
close to winter thaw temperatures, and averaged only 
3.97°C. At this time, the current rose slightly and aver-
aged 6.04 mA, which was only 31.37% of the average 
values of the beginning of autumn.

A pronounced rise in the values of the current began 
to be observed in May, when the average daily tem-
perature rose above +10°С, an essential amount of 
precipitation fell, the number of sunny days increased 
and plant growth recovered. In May, in some elec-
tro-biosystems, the current strength increased to the 
original values that were at the beginning of autumn 
and amounted to an average of 17.70 mA (р > 0.622) 
(Fig. 2). Other electro-biosystems after wintering did 
not restore the level of the current that was in them at 
the beginning of autumn, due to freezing of plants and 
damage of electrode connections under the pressure 
of frozen water. Non-acting electro-biosystems con-
tained both non-viable plants and some plants that 
continued their development. In the first case, replac-
ing frozen and dried mosses with new viable plants 
led to the restoration of current generation. However, 

in some cases, electro-biosystems needed repair of 
electrode systems. Replacing damaged connections 
of cathode systems in non-functioning electro-biosys-
tems with active mosses without replacing the plant 
cover led to the restoration of their work and electrical 
performance at the initial level.

We found a suppressing effect of temperature be-
low 10°C on the current of electrical biosystems with 
mosses, which often acted as a limiting factor and a 
suppressing effect of frosts, and the spring increase 
of the current with a temperature rise above 10°C and 
the development of plants. The criticality of tempera-
ture of 10°C for the functioning of electric biosystems 
is described by Hong et al. (2009) and Dai et al. (2015). 
Laboratory MFCs (Microbial fuel cell) were also least 
efficient at temperatures below 10°C (Li et al., 2013).

The general trends in the dynamics of bioelectric po-
tential during seasonal temperature changes were 
similar to the correlation of current/temperature, but 
somewhat less pronounced in percentage terms. The 
bioelectric potential level exceeded 1 V and averaged 
1032.67 mV from September to mid-October, when the 
average weekly temperature ranged from +10.16°C to 
+16.09°C (Fig. 3). With a decrease in the average daily 
temperature below +10°С and regular night frosts, a 
sharp decline in bioelectric potential below 1 V was 
observed from the end of October, which was main-
tained throughout the winter and the first two months 
of spring. A decrease in the level of bioelectric poten-
tial during frosts was statistically significant in com-
parison with the average initial value of September 
(p < 0.05). During the periods of thaw and plus tem-
peratures in the winter, there was an increase in the 
level of bioelectric potential (Fig. 3). Two distinct in-
creases in bioelectric potential of electrical systems in 
December and April to baseline levels compared with 
average winter values on the background of subopti-
mal temperatures are associated with a long period 
of precipitation (p < 0.05). From the beginning of May, 
with the rise of the average daily temperature above 
+10°С, the bioelectric potential of electro-bio-systems 
increased significantly (p < 0.05) and even exceed-
ed the initial average values of autumn and in some 
cases reached 61.79% of the average initial value of 
autumn, which in the latter case was associated with 
freezing of plants and damage of unions of electrodes 
in some electro-biosystems.
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Fig. 2. Generation of current of electrical biosystems 1–6 with mosses from September to June during the fluctuations of average weekly 
temperatures (marked in dark blue columns) and rainfall amount (marked in blue) (х ± SE, n=20). The current level of electro-biosystem 6 
significantly decreased during periods of sub-zero temperatures compared with the initial values * (p < 0.05) and increased in spring to almost 
the initial value ** (p > 0.622) with increasing temperature and increasing precipitation

Effect of atmospheric precipitation on the 
generation of bioelectricity by electro-
biosystems with mosses on roofs during the 
autumn-winter-spring period

The influence of the amount of atmospheric precipita-
tion on the generation of bioelectric potential and cur-
rent was revealed in combination with other meteor-
ological factors. As in Dai et al. (2015), in the marshy 
electrical biosystems of Georgetown South Carolina, 
USA, a reduction of the current during long dry periods 
was recorded, and an increase of the current as a re-
action to rainfall was found. Intense precipitates create 
favourable conditions for the development of electric-
ity-generating microorganisms by dissolving and con-
centrating nutrients in the soil (Chow, 2006; Chow et 

al., 2013) and activating the photosynthesis of mosses 
themselves and secretion of their metabolic products. 

The influence on the generation of bioelectricity of 
continuous rains and storms lasting several days one 
after another or a week and more was favourable at 
optimal temperatures. Particularly noticeable was the 
effect of extended multi-day precipitation; minor pre-
cipitation had a less pronounced effect on the gener-
ation of bioelectricity. For example, the 10-day period 
of rains from December 17 to December 27 during 
the rise of the average daily temperature, when 70.9 
mm of precipitation fell during this period, led to an 
increase of the bioelectric potential of 167.83 mV on 
average and a current of 3.88 mA (p < 0.05) (Fig. 2, 
3). Favourable high humidity with simultaneously 
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unfavourable temperature factors and high cloudi-
ness were accompanied by a decrease in bioelectric 
potential and current strength. In particular, the 10-day 
period of rains from March 27 to April 5, which was ac-
companied by periodic frosts, had no positive effect on 
the generation of bioelectricity and current (Fig. 2, 3).

Arid periods of up to 10–15 days periodically took 
place during the experiment. In the conditions of long 
absence of precipitation, the value of bioelectricity de-
creased, despite optimal temperatures. In particular, 
in May and June, despite the favourable temperature 
conditions, the current fluctuated sharply, which was 
closely related to arid periods and the sensitivity of 
mosses to moisture (Fig. 2). Mosses were stopping 

their activity during arid periods and restored activity 
and supported the development of electricity-gener-
ating microorganisms after rains. A similar dynamics 
was observed in the work of Dai et al. (2015), where 
during the arid period from July to December no bio-
electricity was produced. Thus, due to an almost 20-
day dry period in June, during optimal temperatures, 
the local reduction of current strength was on aver-
age 76.67%, and the bioelectric potential was 28.56% 
(Fig. 2, 3). Mosses are sensitive to the absence of rain 
and irrigation; during drought, they reduce their ac-
tivity, stop the secretion of nutrients necessary for 
electricity-generating microorganisms, waiting for a 
favourable period. When restoring the moisture level 

Fig. 3. Dynamics of generation of the average bioelectric potential of electro-biosystems 1-6 with mosses from September to June during 
fluctuations of average weekly temperatures (marked  in dark blue columns) and rainfalls (marked in blue line) (х ± SE, n=20). The decrease in 
the level of bioelectric potential during frosts is statistically significant in comparison with the average initial value of September (p < 0.05)*. Two 
expressive peaks of increase in the values of bioelectric potential of electrical systems compared with average winter values to baseline levels in 
December and April are associated with a long period of precipitation in the context of temperature rise (p < 0.05)**
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required for activity of mosses, the values of bioelec-
tricity increase.

During the autumn-winter-spring period, containers 
with electro-biosystems on green roofs were in dif-
ficult weather conditions: sharp fluctuations in tem-
perature, freezing up to −19°C and thaws, prolonged 
droughts and showers. The share of electro-biosys-
tems that successfully survived adverse weather 
conditions and came out after the winter period at the 
output values of bioelectric potential and restored the 
output values of the current was 16.71% of electro-bi-
osystems. This is a rather good result obtained in the 
meteorological conditions of the Eastern European 
city of Lviv, Ukraine, given the fact that the species of 
plants of bioelectro-systems in the climatic conditions 
of the Danish winter on the roofs did not survive the 
winter (Helder et al., 2013b).

Role of configuration of electrode system in the 
operation of electro-biosystems with mosses on 
green roofs during the autumn-winter period

The most effective analysed configurationsof electrode 
systems (Fig. 1) was the system EBS6, consisting of a 
monolithic graphite cathode, located in the depths of 
the soil under rhizoids and vertically located anodes 
on one side. We constructed several configurations of 
electro-biosystems, where cathodes were represented 
by single graphites connected by conductors in a sin-
gle system, and anodes were located both horizontally 
and vertically under the mosses rhizoids to increase 
the contact area of the electrodes with the ground and 
to reach a larger area of electron circulation. Theoret-
ically, such a design allows more maximum to collect 
electrons produced by electric generating soil micro-
organisms. So, EBS4 and EBS5, where this strategy 
was most fully implemented, were characterised by 
significant higher values of current strength in the au-
tumn period, before frosts, than electro-systems 1–3 
(p < 0.05) (Fig. 2). However, such systems, with more 
connections, like EBS1-5, are technologically more 
vulnerable to the damaging effect of the expansion 
of frozen water, which damages contacts between 
electrodes, and often they are spoiled after the win-
ter period. Although the EBS6 electrode surface area 
is somewhat smaller in comparison with EBS1-5, 
the functionality of the electro-biosystem with the 

configuration 6 during the experiment under the ex-
ternal conditions was stable, and the electrode system 
was not damaged; and in the spring, with the resto-
ration of plant activity, the initial level of bioelectricity 
indicators was restored (Figs 2, 3). 

Research of the work of bioelectrosystem 6 under 
short-term external load was carried out in the autumn 
period (Fig. 4). The resistors were briefly connect-
ed to electro-biosystems, starting from the largest, 
12 kΩ, successively to the lowest, 10 Ω. The bioelectric 
potential was lowered with a decrease in load, as de-
scribed in Cheng et al. (2006), and the current density 
was increased. The highest values of the power den-
sity of 0.23–0.56 W/m2 were fixed at 500–50 Ω (Fig. 4).

The level of the bioelectric potential of EBS6 during 
the long-term application, for several weeks, of the 
load of external resistances of 1, 3 and 5 kΩ was ana-
lysed a few days after the polarisation measurements 
(Fig. 5). The application of the resistance of 1 kΩ led 
to a decrease in the values of bioelectric potential; 
subsequently, with the connection of the resistance 
of higher values of 3 kΩ and 5 kΩ, the bioelectric po-
tential increased (Fig. 5). Similarly, the growth of bi-
oelectricity was recorded with an increasing load of 
external resistors in the work (Wetser et al., 2017). 
The low initial values of the bioelectric potential of 
the electro-biosystem 6 are due, obviously, to two 
factors, the overload of the electro-biosystem after 
a series of polarisation measurements with high re-
sistances and the imposition of adverse meteos. The 
electro-biosystem 6 was resumed for several days. 
Within 10 days, when the resistance of 5 kΩ was con-
nected, the electrical biosystem reached the level of 
the initial values without the use of resistances, and 
in the following days, the values of the bioelectric po-
tential even increased (Fig. 5).

The cost of electrical systems for installing in an exten-
sive container roof is 24.3–32.2 EUR/m2, depending on 
the type of cathodes used. The possibility to use graph-
ite waste of trolleybus transport using graphite current 
collectors for trolleybus brushes makes technology 
cheaper. The developed model of electro-biosystems 
has prospects for use for low-energy consumption de-
vices such as LED lighting and power supply of field 
sensors, and is the basis for further improvement of 
maximising the obtaining of bioelectricity.
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Fig. 4. Effect of short-term action of external resistance on bioelectric potential, power density and current density of electro-biosystem 6 with 
mosses during the autumn period, normalised to 1 m2 of the surface covered by plants and electrodes during the autumn period (x ± SE, n = 10). 
The maximum value of bioelectric potential and minimal value of current density of EBS6 was observed under of 12 000 Ω load

Fig. 5. Influence of external resistances on generation of the bioelectric potential by EBS6 during the autumn period on the roof of the building 
(х ± SE, n=10). 1 kΩ resistance was connected during 5–7 days, 3 kΩ for 8–10 days and 5 kΩ for 11–26 days
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Conclusions
The possibility and perspective of using mosses as a 
biocomponent of electro-biosystems on green roofs 
in soil substrates with the graphite-Zn-steel systems 
of electrode were shown. The cathode system con-
sisted of 8 single small graphites connected by wire or 
one entire large graphite plate, and the anode system 
consisted of 7 single connected Zn-steel plates. Am-
bient temperature and amount of rainfall collectively 
had a significant impact on the functioning of rooftop 
electrical biosystems and the generation of bioelec-
tricity. Electro-biosystems operated at full capacity 
at temperatures above +10°C and in the absence of 
prolonged droughts. The impact of long-term rainfall 
on the bioelectricity generation was favourable at op-
timum temperatures. Criticality of the temperature 
below +10°C was found, which was often a limiting 
factor in the operation of electro-biosystems: favour-
able rainfall with a temperature below +10°C was ac-
companied by a decrease in bioelectric potential and 
current. The suppressive limiting effect of frosts and 

prolonged droughts on the generation of bioelectricity 
by moss electro-biosystems was revealed. The con-
figuration of the electrode systems was important for 
their efficiency. Electro-biosystems, where the con-
figuration of the electrodes provided a larger area of   
contact with the substrate, allowed obtaining slight-
ly higher values   of bioelectricity, but technologically 
their contacts between electrodes were more suscep-
tible to damage due to the expansion of frozen water, 
and they were more damaged after winter. Electro-bi-
osystems with a monolithic graphite cathode proved 
to be most effective and at the same time resistant 
to weather damage. Electro-biosystems functioning 
at the initial level after wintering open the prospects 
for the use of electro-biosystems with frost-resistant 
mosses on green roofs of buildings after optimisation 
in the following areas: thermal insulation of contain-
ers, provision of regular moisturising and general 
raising of the level of bioelectric potential and current.
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