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Abstract: Legionellais a kind of bacteria that has been detected by many researchers in different Water Heating
Electrical (EWH) or solar (SWH) systems installed at various places. In the capital city Tripoli - Libya, most
of water heater systems used are of electric type. Simultaneously, over 100 solar water heating (SWH) systems
provided with electric heaters were installed under the supervision of the Centre for Solar Energy Research
and Studies (CSERS) in the residential buildings in Tripoli in the period between (2000 and 2020). Ten hot
water samples were collected from the outlet points in SWH systems and 43 water samples from different
water draining points at Corinthia hotel and Palm City Residences water systems, for the purpose of legionella
detection and enumeration in the systems. A questionnaire was designed and distributed to be filled by the
10 SWH system users whom the ten water samples were taken from. The purpose was to collect information
about the building, the hot water system, and the user’s satisfaction. As the water source is untreated ground
water from private wells, analysis of Escherichia coli (E.coli), total Coliform bacteria and total bacterial
count were conducted to see whether any other probable bacteria kind is available. According to the results
obtained, both 43 samples and 10 SWH samples investigated are free of legionella bacteria, while the total
bacteria count for 4 out of 10 SWH systems was less than 60 CFU/g. This was due to water temperature not
lowered to the bacteria colonisation temperature, and the daily water temperature gained from solar energy
was high enough to be more than 55°C for at least an hour daily and maximum daily temperature exceeds
60°C for 80 days in addition to summer time, which is high enough to destroy legionella bacteria
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1. INTRODUCTION
1.1 Domestic Water Heating

Domestic water heating (DWH) is the process of warming water for domestic use, and it can consume
a large amount of energy. The consumption of DWH varies across cultures. Recently utilizing solar water
heating systems in the residential sector is arguably one of the most energy-efficient technique of producing
domestic hot water, as the primary source “sunlight” for energy is renewable, competitive and cost effective.
Most solar water heaters come with auxiliary heaters that make users benefit from reduced running out of hot
water[1][2] [3]. Also, some SWH do not require electricity to operate, where systems are directly used to heat
water, as in the swimming pool applications to extend the outdoor swimming season [4].

Solar water heating systems are classified according to how the heat transfer fluid flows through the
collector, or how the water is heated. Two basic types of solar water heating systems, which are ; Direct (open
loop) and Indirect (closed loop) water heating system which can be passive or active [1]. Active system uses a
pump to circulate working fluid between the tank and the collectors, while passive SWH depends on natural
convection for circulation. Natural convection systems are either integral collector-storage or thermosiphon
systems. The integral type is more suitable for climates where temperature often drops below freezing [2].
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According to the International Energy Agency data, the solar thermal total capacity installed 410.2 GWth
by the end of 2014 which is equivalent to 586 million square meters of collector area[5], and grew to 479 GWth
that equivalent to 684 million square meters by the end of 2019 [6]

In Middle East and North Africa (MENA) region that with 21 countries, the solar water heating systems
are about 9 million square meters of collector area demonstrating and counts about 6.3 GWth of installed
capacity. In part MENA countries; Palestine is the leader with 1,120 MWth followed by Egypt, Tunisia, and
Syria respectively [5]. In Libya, little attention was given to the study and use of solar energy for water heating
in the last few decades; simultaneously, a few PV systems were installed by oil companies in Libya for oil
pipelines protection [7] and recently, some small PV solar systems were installed in some remote areas in
Libya, but with increase of electricity cut off crisis, more attention is paid towards using solar energy.

Domestic water heating in Libya accounts for 29 % of the whole electrical consumption in the residential
sector [8]. Also, a great potential of hot water usage is in the industrial and other sectors [9]. Solar Water
Heating (SWH) system is one of the promising thermal systems to be used in Libya. Although suitable
working climate is available during the year, SWH systems are not widely spread. One of the drawbacks of
these systems is the high up-front cost of the systems, and recently concern of water contamination by some
type of germs as a result of water stagnation and heating temperature when is not exceeding 60 °C [10].

1.2 Legionella Background

Legionellaisakind of bacteria have been discovered after an outbreak in 1976 among people in Philadelphia
convention, USA [11]. Legionella can cause respiratory illness to humans termed legionellosis [12]. Clinically,
two disease forms were distinguished as stated by Anna Domanska: severe atypical pneumonia also called
Legionnaires’ disease,and the mild flu-like Pontiac fever thatends with spontaneousrecovery [13]. The mortality
rate of Legionellosis is quite high between 5-30% [14]which is called Anti Bacteria Heat Exchanger (ABHE.
Legionella detected by many researchers in different hot water systems installed at various places. Recently, the
Legionella growth is considered in the design of hot water systems for domestic heating and space heating by
many researchers [15]. Other researchers investigated the legionella growth in the existing hot water systems,
and the methods of prevention. Nostro et al in 2011 [16] investigated the contamination of hot water systems
by legionella at hospitals, hotels, nursing homes, factories and spas in Tuscany - Italy, as part of surveillance
and control. For three years, 493 water samples were taken from 14 structures, including three hotels, three
hospitals, three nursing homes, two factories and three spas with thermal springs. Collecting water samples
was from the most distal taps, hot water tanks and near endplate pipes, where water stagnation would happen.
Results showed that the water temperature was 45 °C for samples taken from hotels and thermal springs and
36% and 31.7% of 30 and 41 samples were contaminated, respectively. Water temperature was below 48 °C
for the samples taken from hospitals nursing rooms and 67.1% and 23.8% from 155 and 164 samples were
contaminated, respectively. Also, 50% of the 20 samples taken from factories were contaminated. Control of
contamination using thermal shock at 80 °C was used and a recolonization was found at temperature below
50 °C after one year of thermal disinfection. About ten-year experience report was written by Marchesi, et al
[17] for water decontamination methods using hyper-chlorination, thermal shock, chlorine dioxide, mono-
chloramine, boilers and point-of-use filters to eliminate legionella infection in a hospital water heating system.
Thermal shock decontamination was related to the pre-treatment contamination levels return in one or two
months. 432 hot water samples were collected from different points including return loops, storage tanks and
distal showers and taps, in the way without flaming and after flushing for 1 min, measuring water temperature
and chlorinelevelsat free chlorine, chlorine dioxide and/or mono-chloramine. Report mentioned that chlorine
dioxide-maintained levels at <100 CFU/L and satisfactory results with mono-chloramine. on the other hand,
no contamination was found using point-of-use filters and electric boilers at temperatures of more than
58 °C and no cases of Legionnaires’ disease were spotted during the ten-year surveillance period. Effective
methods of stopping legionella growth is also reported by Gevari et al [18]namely, heat transfer, surface
cleaning and fouling, water treatment, food industry, chemical reactions, energy harvesting. A considerable
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amount of energy in the mentioned industries is required for thermal applications. Cavitation could serve

for minimizing the energy demand and optimizing the processes. Thus, the energy efficiency of the systems
could be significantly enhanced. This review article focuses on the direct and indirect thermal applications
of hydrodynamic and acoustic cavitation. Relevant studies with emerging applications are discussed, while
developments in cavitation, which have given rise to thermal applications during the last decade, are also
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schema/raw/master/csl-citation.json”}. In Germany, Mathys, et al [19] analysed 452 samples of hot water for
single family houses testing different plumping systems (copper, synthetic materials and galvanised steel) to
investigate the occurrence of legionella in water systems. Results showed that for houses use instantaneous
water heaters where no Legionella is found, while about 12% in houses with storage tanks and recirculating
hot water where maximum counts of Legionella reached 100,000 CFU/100ml. Also, copper plumping systems
are more contaminated than other plumping systems, and concluded to systems with significant lower
hot water temperature is the main factor leading to increased colonisation of Legionella. In South Africa,
Stone, et al [20] studied the potential infection rate of Legionellosis in low- and middle-income countries
using Computational fluid dynamics (CFD) model. This mimics the methods of risk assessment based on
temperature diagnostics for legionella growth and the elegant thermal regulation systems. Armstrong et Al
[21] studied the balance between thermal and sanitary performance of stratified and de-stratified domestic
hot water storing systems. Results showed that although a drop of about 19 % in de-stratified system thermal
performance compared with stratified water storage systems, stratified systems revealed a calculated
probability value (P < 0.01) of a bacterial growth between the bottom and top of storage tank. According to
previous research studies, Legionella can be found in water temperature above 5°C , but starts to colonise in
water temperature between 20°C to 60 °C [22][23] and can survive in temperature of up to 66°C for several
minutes [24]. Legionella can also be prevented by maintaining the temperature of the hot water at 60 °C for
about two hours per day [25].

Consequently, the installed systems need to be investigated for the occurrence of legionella.

In the capital city Tripoli - Libya, most of water heater systems used are of electric type with storage
capacity ranging from 30 Litres to 80 Litres, and water temperature setup is between 60°C to 80°C. On the
other hand, over 100 solar water heating systems provided with electric heater were installed under the
supervision of Centre for Solar Energy Research and Studies (CSERS) in Tripoli. Recommendations by the
centre is to set the auxiliary electric heater working temperature not exceeding 50°C, and works only when
solar heated water temperature drops down this temperature, which make an assumption for legionella to
colonise. This research study, is considered as key study for such systems in terms of the existence of legionella
in water heating systems for either EWH or SWH installed in Libya before the widespread implementation
of this technology.
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2. METHODOLOGY

This paper investigates the existence of legionella in the SWH and EWH systems, by taking samples from
different water heating systems installed in the capital city Tripoli Libya. In addition, detailed information

about the 10 SWH systems are to be collected using designed questionnaire, and to be filled by the 10
SWH systems’ users.

2.1 Investigated SWH Systems Description

10 solar domestic water heating systems were randomly selected out of 100 systems installed in the capital
city Tripoli - Libya by the CSERS, to be investigated in terms of availability of legionella bacteria. A sample of
investigated systems are shown in Figure 1, and the technical specifications of the whole investigated systems
are listed in Table 1. These systems are provided with additional electric heater element inside the water
storage tank that was adjusted to keep hot water within 40°C to 60°C.

I

I

Figure 1 A sample of Investigated SWH systems installed in Tripoli-Libya. A: Calpak (FPC), B:Calpak
(ETC), C:SHE (FPC) and D: Megasun (FPC)
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Table 1 Solar water heating (SWH) systems investigated in terms of availability of Legionella and other

bacteria
Manufacturer Capacity | Number of | Total collector | Installation | Number of
(L) collectors area (m?) year SWH systems
Calpak (FPC) 200 2 4.42 2012 1
Calpak (ETC) 200 1 2.5 2013 2
Softan 300 2 4 2013 2
Solar 23 200 2 2018 1
Megasun 200 1 2018 1
Dimas 200 2 2.2 2012 1
Dimas 300 2 4 2012 1
SHE 200 1 2018 1

2.2 Sample collection

10 samples were collected from the water outlet point in the system after 1 minute of water drainage,
and then filled in two groups of sterilised (500 mL for bacteriology use only). The first six group samples
were collected in the 26th of December 2019, while the second four group samples were collected in the 10th
of March 2020. Samples were sent to the Aldeqqa Aljadeeda for Food Analysis laboratory in Tripoli, within
less than three hours of time. Detection and enumeration of legionella Spp analysis was conducted with
preparation and incubation of sample plates, according to the procedure for the recovery of legionella from
the Environment Centres for Disease Control and Prevention (CDC) issued in January 2005 and ISO 11730-2
[26]. Figure 2 shows the Memmer incubator used in the analysis process of water samples collected.

Figure 2 Memmer incubator used in legionella test

2.3 Designed Questionnaire

A questionnaire was designed and distributed to be filled by the targeted SWH system users whom the
water samples were taken from. That was to collect information about the regions where system installed,
design of building, number of people living in the building, water source, water salinity, number of bathrooms
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and kitchens fed by SWH system, number of bathrooms and kitchens fed by Electric water heating (EWH)
system, installation year, system working status, as well as the users’ satisfaction of using SWH system and
problems faced during system working period.

2.4 Corinthia Hotel and Palm City Residences Samples.

Also, Water at different water draining points were collected from Corinthia Hotel and Palm city
Residences in the capital city Tripoli -Libya, for the purpose of Legionella existence analysis. 32 water samples
were collected in the 27th of June 2013 from Corinthia Hotel at different water draining points in the building
including raw water tank, water drain and return points at different hotel floors, fire tanks (general and
laundry) water points and irrigation system. On the other hand, 11 water samples were collected in the 26th
of February 2018 from Plam city Residences at different water draining points including shower water and tap
water. Samples were analysed at the same laboratory, Aldeqqa Aljadeeda.

3. RESULTS AND DISCUSSION

3.1 Questionnaire information results and discussion

According to the information collected from the ten SWH system users by the questionnaire, it is found
that the average people living in each building is about 5 people and most of buildings are of private house
with one floor, the main water tank is placed on the stair room. The water source of all ten houses is from
private well, untreated water and pure or little to medium water salinity. The average of bathrooms fed of
hot water by the SWH is about 2 bathrooms per house, while kitchens are one to two kitchens per house. On
the other hand, no EWHs are used in these houses. The ten systems chosen for this study were installed in
different periods between 2012 and 2018, and all of them are in good working conditions except part of them
had a defect in the auxiliary electric heating element while some users did not need it. Therefore, auxiliary
electric heating element was either switched off or not connected to electricity source. About the satisfaction
of users, all of them were satisfied by the SWH system as a good alternative heating device to EWH systems
that widely spread in Libyan state, and have the advantage of working renewably.

3.2 Bacterial analysis results of SWH systems

As discussed in the collected information about water source, SWH feeding water comes directly from
private well and no treatment was applied on water entering the system. Therefore, besides legionella detection
analysis, analysis of Escherichia coli (E.coli), total Coliform bacteria and total bacterial count were conducted
to see whether any other probable bacteria kind is available. The optimum growth temperature of Escherichia
coli is 37°C and can grow at temperatures up to 49°C as also observed to be alive at 53°C [27] .

Table 2 lists the results of ten samples, obtained from the analysis process. The results include the total
bacteria count per millilitre (as colony forming unit per gram, CFU), the total coliform bacteria, E. coli per
millilitre and the detection and enumeration of legionella species (spp). It is clearly shown that the ten samples
analysed are free of any detected legionella bacteria, for the whole samples analysed, as well as the E. coli/mL.
On the other hand, the total coliform bacteria per mL was less than 60 CFU/ g for the four samples group and
absent for the rest six sample group.

The free legionella results obtained in this study might be interpreted from the results obtained by
the recorded data (every half an hour) from a system installed by the CSERS, shown in Figure 3 [28]. The
results show that all over the year, the average maximum daily temperature is about 55.5 °C and over 80
days excluding summer time, the water temperature exceeds 60°C for at least one hour per day. This is might
enough reason to supress legionella growth.
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Table 2 Analysation results of ten water samples for SWH systems in Tripoli.

SN |Sample | Sample type Total Bacteria | Total Coliform | E.coli/mL | Detection &
Code Count/mL Bacteria/mL Enumeration  of
Legionella spp
1 WS-19- | Water from SWH | <10 CFU/g Absent Absent Not Detected
115 system
2 WS-19- | Water from SWH | <10 CFU/g Absent Absent Not Detected
116 system
3 WS-19- | Water from SWH | <10 CFU/g Absent Absent Not Detected
117 system
4 WS-19- | Water from SWH | <10 CFU/g Absent Absent Not Detected
118 system
5 WS-19- | Water from SWH | <10 CFU/g Absent Absent Not Detected
119 system
6 WS-19- | Water from SWH | <10 CFU/g Absent Absent Not Detected
120 system
7 WS-20- | Water from SWH | 15 CFU/g Positive Absent Not Detected
010 system
8 WS-20- | Water from SWH | 60 CFU/g Positive Absent Not Detected
011 system
9 WS-20- | Water from SWH | 10 CFU/g Positive Absent Not Detected
012 system
10 WS-20- | Water from SWH | 25 CFU/g Positive Absent Not Detected
013 system
20
80
— 70 |
&
o 60
E
© 50
g
40 L
E U vV i
» 30 T
@
(2]
> 20
Maximum Daily Temperature Average Daily Temperature
10
0
0 45 20 135 180 225 270 315 360

Days

Figure 3 users maximum daily temperature and average daily temperature of water discharged from the
system tank
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3.3 Bacterial analysis results of Corinthia Hotel and Palm City Residences.

According to the analysis based on CDC procedure, results showed that neither detection nor enumeration
for the legionella bacteria in the 43 samples collected from both Corinthia Hotel (June 2013) and Palm city
residences (February 2018). This is also indicating that the chance for legionella growth in the water systems is
too slim, at least in the general residential (hotels residences) water source. The reason is that both residences
use electric heaters and gas boilers for their heating systems and the water temperature is most of the time is
over 60°C.

4. CONCLUSIONS

According to the results obtained from the questionnaire and the 53 samples analysis, it is concluded
that all 53 samples analysed are free of legionella bacteria. Although water source for the 10 investigated
SWH systems is an untreated groundwater coming from private wells, E. coli bacteria, and the total bacterial
count not exceeding 60 CFU/g. This is due to water temperature not lowered to the bacteria colonisation
temperature, and the daily water temperature gained from solar energy was high enough to be more than
55°C for at least an hour daily and maximum daily temperature exceeds 60°C for 80 days in addition to
summer time, which is high enough to destroy legionella bacteria. Users were satisfied to use SWH system as
a good alternative heating device to EWH systems that widely spread in Libyan state, and have the advantage
of working without electrical source (renewably).

It can be concluded that the threaten of emerging legionella due to the taking —up SWH system over
EWH systems which comes from that most of the SWH users don’t make use of auxiliary electric heater to
set the water temperature up to 60 °C is slim. However, this study is to be considered a reference study, and
setting frequent studies with widen study area and collecting larger number of samples is essential, to trace
the legionella in the building hot water systems in Libya.
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