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AN ABSTRACT OF THE THESIS OF

Amani Haitham Majzoub for Master of Science in Environmental Science
Major: Environmental Technology

Title: Assessing the Potential of Rooftop Rainwater Harvesting in a Rapidly Urbanizing
Suburb

The Hazmieh/Hadath/Baabda area is a rapidly urbanizing Beirut suburb suffering from
chronic water shortages. This research examined the current sources of water supplying the
area through a household survey and assessed the socioeconomic feasibility of using
rainwater harvesting systems on rooftops. A water quality assessment program was carried
out in parallel whereby samples from network water, municipal water, well water and
rainwater were tested for specific quality indicators. Findings revealed that the quality of
network and municipal water supplied to households largely conformed to the Ministry of
Environment standards and World Health Organization guidelines. The major problem
faced in the area was the deficit between the available supply and actual demand. In the
face of chronic shortages, households in the area expressed interest in participating in
rainwater harvesting programs. Examining the socio-economic factors affecting the
willingness of people to participate in a RWHS, it was found that education and the
availability of outdoor space affected the rate of participation positively, while age and the
number of floors in a building decreased people’s keenness to participate. The results
revealed that on average, a household with a monthly income <$1500 was willing to pay $
0.54 /m3 to install a RWHS as compared to $ 2.34/m? for those whose monthly income is
more than $6000. A technical assessment of the feasibility of a rainwater harvesting system
(RWHS) revealed that while it is advantageous for a single household with 5 occupants, the
harvested volumes for a multistory residential building (50 occupants) were small as
compared to demands. The study concludes with a management framework that aims to
assure the proper implementation and monitoring of rainwater harvesting practices.
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1 INTRODUCTION

Increases in water demand coupled with a decrease in conventional water supplies in many
regions around the world have promoted the development and use of unconventional water
sources. While desalination remains the most common alternative sought in water-stressed
urban areas, its financial and environmental burdens remain a barrier in many regions
(Sanchez et al., 2015). Rainwater harvesting can provide a renewable source of clean water
suitable for domestic and landscape uses; yet its use is often limited to small-scale
applications (Aladenola & Adeboye, 2010; Hermann & Schmida, 2000). It has been
successfully applied in many countries such as Germany (Nolde, 2007; Hermann &
Schmida, 2000), Australia (Zhang et al., 2009), Spain (Morales-Pinzon et al., 20123;
Farreny et al., 2011a), Nepal (Domenech et al., 2012), India (Said, 2014; Kumar et al.,
2012), and the US (Jones & Hunt, 2010) amongst others. Technically, the components of a
rooftop rainwater catchment system typically includes a collection area (roof), a
conveyance system with gutters and screens, a cistern or storage tank, a delivery system
(gravity or pump), and a treatment system whose components depend on the quality and
intended use of the collected rainwater (Texas Water Development Board, 2005)".
Although rainwater is naturally “soft”; it often needs treatment (e.g. filtration and/or
chlorination), especially if used for drinking purposes but can be used without pre-
treatment for non-potable uses such as toilet flushing, laundry, and building/car washing.
Several studies have aimed to better understand the viability of rainwater harvesting, taking
into account its quality (Farreny et al., 2011a; Lye, 2009; Sazaklia et al., 2007), financial
feasibility (Morales-Pinzon et al., 2012a; Farreny et al., 2011b), social acceptance
(Domenech & Sauri, 2011; Aklan, 2011), and environmental impacts (Angrill et al., 2011).
The success of rainwater harvesting programs is strongly associated with regulations and
incentives aimed at promoting its adoption. For example, in the US, rainwater harvesting is

mandatory for new buildings in Arizona and New Mexico, and tax exemptions are given

' A typical rooftop rainwater harvesting installation is shown in Appendix 1



for buildings in Texas (Texas Water Development Board, 2005). In Europe, Belgium
promulgated regulations that require all new buildings with roof area greater than 100 m? to
install a rainwater harvesting system (RWHS); Germany on the other hand offers rain tax
reductions for properties that collect rainwater instead of diverting the flow to the local
storm sewers (Hermann & Schmida, 2000). Similarly, several municipalities in Spain
approved water saving regulations that mandate new buildings with garden spaces to install

rainwater collection tanks (Farreny et al., 2011).

Water scarcity and the imbalance between conventional water sources and demands in
urban Mediterranean areas have promoted the adoption of rainwater harvesting. As such,
interest in implementing urban rainwater harvesting has been increasing along the
Mediterranean basin, especially in Spain (Farreny et al., 2011a; Morales-Pinzon, 2012a),
Malta (Cardona, 2006), Italy (Campisano et al., 2012), Greece (Sazakli et al., 2007), and
the Palestinian Territories (Lange et al., 2012); all of which are facing water shortages that
are projected to exacerbate in the coming decades due to population growth and
development as well as the effect of climate change (Bates et al., 2008). Generally, these
countries share similar Mediterranean climatic conditions characterized by long, hot, dry
summers and short, cool, rainy winters. The potential of rainwater harvesting in
supplementing domestic water demands at the residential level varies significantly
depending on location, ranging from < 1 % to nearly 80% of the total demand. This wide
range is attributed to variations in climatic conditions, water demands, and level of
urbanization (Palla et al., 2012). Domenech and Sauri (2011) reported that 16% of the total
domestic water demand in Sant Cugat del Valles, Spain, was met through rainwater
harvesting. In Jordan, the range of water saving as a result of rainwater harvesting varied
between 0.27% and 19.7% (Abdulla & Al-Shareef, 2009). In south-eastern Brazil, where

rainfall is more abundant, reductions reached 79% (Domenech & Sauri, 2011).

The use of rainwater harvesting in Lebanon has been successfully implemented for
agricultural purposes, with many villages constructing land catchment systems, locally
referred to as “birkis”, with a capacity ranging between 1,000 to and 10,000 m2. These

systems have proved to be viable with an attainable return on investment of three to five



years (Hayek, 2009). However, the feasibility of promoting urban rainwater harvesting for
domestic use remains largely unexplored and has not been incorporated within the National
Water Plan.

In this study, the potential of rooftop rainwater harvesting systems in an urban setting is
assessed both technically and socio-economically in the context of a fast urbanizing suburb
that is facing increasing water shortages. As such, harvested volumes are quantified and
compared to existing demands and current deficits, using field ascertained data on building
units and water supply systems from the study area. A household survey was developed and
administered to assess the willingness of residents to participate and pay as a function of
building, demographic, social, water, and educational predictors. The study concludes with
a Strengths, Weaknesses, Opportunities, and Threats (SWOT) analysis that provide a basis
for urban planners and policy makers to consider rainwater as a “productive” water source

for future sustainability.

2 METHODOLOGY

2.1 Study Area

The Hazmieh/Hadath/Baabda area is a rapidly urbanizing suburb located south-east of
Beirut, Lebanon, extending between 50 to 300 meters above sea level. The geographic
boundaries of the study area are presented in Figure 1. The rainy season spans from
November till April with an average annual rainfall of 650 mm? exceeding the minimum
average precipitation (600 mm/year) needed to ensure the feasibility of installing RWHS
(Texas Water Development Board, 2005). The study area has a population > 23,500
inhabitants (Baldati, 2013), with most residents living in multi-story residential buildings.
According to the Central Administration of Statistics (CAS), the average number of
dwellers per household is five, with a per capita water demand estimated at 180 L/day
(Ministry of Environment, 2010).

2 based on a 10-year record collected from the nearby Rafic Hariri International Airport meteorological station
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Figure 1: Geographic boundaries of the study area along with sampling points for
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2.2 Household Survey

Primary data were collected using a household survey (Appendix 2) developed and
administered in the three urbanized areas (Hazmieh, Hadath, and Baabda). A total of 148
household interviews were carried out between November 2014 and January 2015,
following a random sampling approach. One-on-one household interviews with household
heads living in single households and multi-story residential buildings were completed.
Commercial buildings were excluded from the study sample. The questionnaire targeted the
collection of data related to socioeconomic and demographic characteristics, water sources,
as well as the satisfaction and perception of users regarding network and municipal water
quality. Moreover, the willingness to invest in rainwater harvesting systems was gauged.
The spatial distribution of residents targeted by the survey is shown in Figure 1. Data were
entered into the Statistical Package for the Social Sciences: SPSS version 22.0 (SPSS Inc.,

2007) and analysis was conducted using the R statistical software (R Core Team, 2014).

2.3 Water Supply

Like many other urban cities in Lebanon, the public network water supply is the main
source of domestic water supplying households. However, water shortages particularly
during the summer months are common. Households receive water for a few hours, three
days per week during the summer period and up to ten hours every other day during the wet
season. Residents pay a fixed annual subscription fee irrespective of the water volume
delivered or consumed. When the shortages are accounted for, households end up paying
on average $1.4/m?® of delivered water. Unlike the city of Beirut, where more than 3,000
licensed and unlicensed private wells were reported in 2010 (Ministry of Energy and Water,
2010), the proliferation of private building-level wells in the study area is still low. Yet, all
three municipalities have resorted to drilling licensed municipal groundwater wells in an
effort to address deficits (Table 1). The municipality of Hadath has also resorted to
installing and operating its private domestic water network (municipal water) that often
runs alongside the governmental network which is inconsistent with the concession right

given by the central government to the regional water establishment. In Hadath, many



residents are subscribed either to the municipality-operated water network, or to the

governmental network, or both.

Table 1: Number of municipality wells in the three towns of the study area

Town Number of municipality wells
Hazmieh 6
Hadath 8
Baabda 2

When interviewed, most respondents in the three towns complained about water shortages
and indicated that they often resort to the purchase of water from private vendors through
unregulated water tankers. Table 2 shows the sources of the water supplying the households

in the 3 towns based on the household questionnaire conducted in the study area.

Table 2: Sources of water supplying households in the study area

Sources of Water Hadath (%) Hazmieh (%) Baabda (%)
Public network water 46.9 100.0 95.7
Municipal water 61.2 0.00 6.50
Well water 240 0.00 2.20
Water Tankers 48.0 63.5 52.2
Bottled Water 94.0 92.3 91.3
Hand-carried water 6.00 1.90 2.20
Harvested Rainwater  2.00 0.00 0.00

2.4 Water Sampling and Quality Analysis

Water quality tests were carried out on water samples collected from the tap/network water,
private wells, and rainwater at different locations within the study area (Figure 1). A total
of sixteen tap water samples were collected from households in the three towns. Four
samples were collected from the tap of houses receiving public network water in each town;
in addition four samples were collected from houses that received exclusively municipal

water in Hadath. Prior to sampling, the water taps were disinfected by flaming and the



water was left running from the tap for almost one minute to avoid the collection of
stagnant water. Well water samples were also collected from eleven privately owned wells
located South of the Hadath region. The groundwater samples were collected during the
rainy season (December 2014) directly from the pipe attached to the wellhead.
Additionally, rainwater samples were collected on four occasions between March and April
2015 from rooftops (Appendix 3) and gutters of five-story buildings in Hazmieh, Beirut,
and Saida, a coastal city located ~40 Km South of the study area. These were chosen to
provide a general idea about the quality of rainwater. Note that unless there is pollution
from nearby sources, rainwater is considered a safe water resource. Its quality depends on
air quality, receiving roofs, storage tanks, precipitation events, and local weather conditions
since prolonged dry periods exacerbate the growth of bacteria and other microorganisms; in
addition to dust and debris on rooftops. According to the literature, the quality of harvested
rainwater varies over space and time and might contain significant levels of
microorganisms, metals, chemicals, and other sediments; thus, necessitating the use of
proper treatment. Common contaminants that have been reported in rainwater systems
include: dust and ash from the surrounding, pathogenic bacteria from bird and other animal
droppings on the roof, heavy metals in industrial areas, some chemicals related to the roof
material, and mosquitoes in gutters or storage tanks (Mosley, 2005). Sazakli et al. (2007)
monitored rainwater quality in a Greek island for a period of three years, concluding that its
microbiological quality is greatly affected by the cleanliness level of the receiving roofs,
while chemical quality is influenced by human activities and proximity to the sea. The
harvesting and reuse of street storm water runoff has not been considered in this study,
mostly because it is expected to have a high pollution load. Previous work has shown that
the quality of rainwater harvested from streets can contain pollutants such as lead, zinc,
copper, cadmium, polycyclic aromatic hydrocarbons, mineral oil hydrocarbons, and other
readily soluble salts (Gobel et al., 2007).

One-liter plastic bottles were used to collect samples for the physiochemical analysis, while
150 mL sterilized plastic bottles were used for the bacteriological analysis. Details

pertaining to the sampling and parameters tested are summarized in Table 3. All analytical



tests were performed in accordance to the Standard Methods for the Examination of Water
and Wastewater (American Public Health Association et al., 2005) at the Environmental
Engineering Research Center (EERC) at the American University of Beirut (AUB) as

shown in Table 4.

Table 3: List of analyzed parameters based on water source

Sampling Domain

Municipal Network Rain Private well
water water water water
Location Hadath Hadath Hazmieh Hadath
Hazmieh Beirut
Indicator Baabda Saida
Microbiological
Total Coliform \ \ \ \
Fecal Coliform \ \ \ \
Physical
Total Dissolved Solids \/ V V \
Electrical Conductivity \/ \/
Chemical
pH V \ \ V
Nitrates V \ \ \
Sulfates V \ \
Sodium \/
Potassium \/
Chloride \ \ \ \
Total Hardness \ \ \ \
Calcium hardness \ \ \ \
Magnesium hardness \ \ \ \
Bicarbonate Alkalinity \ \ \ \




Table 4: List of analyzed parameters and adopted analytical procedures

Parameter Tested

Type of Analysis

Method of Reference*

Microbiological

Total Coliform Membrane filtration technique 9222 D
Fecal Coliform Membrane filtration technique 9222 B
Physical

Total Dissolved Solids Electrometry 2510B
Electrical Conductivity  Electrometry 2510C
Chemical

pH Potentiometry 4500-H* B
Nitrates Colorimetry: Cd reduction 4500 NO3 B
Sulfates Colorimetry 4500 SO%,B
Sodium Photometry 3500-Na B
Potassium Photometry 3500-K B
Chloride Titration 4500 D
Total Hardness EDTA Titration 2340C
Calcium Hardness Titration 2340C
Magnesium Hardness Titration 2340 C
Bicarbonate Alkalinity ~ Titration 2320B

*All analytical tests were performed in accordance to the Standard Methods for the
Examination of Water and Wastewater (American Public Health Association et al., 2005)

2.5 Potential for Rainwater Harvesting: Supply and Demand

A critical step in designing RWHS is to optimize the rates of supply to meet the water
demands. Supply is determined by the amount of rainfall collected on a given rooftop area
(Eq 1) which is dependent on the amount of rainfall, size of the catchment surface, runoff,

and water losses due to evaporation.

Q =P*A*C/1000 Eq1l

Where Q is the potential amount of rainwater that can be harvested from rooftops (m®), P is
the amount of rainfall (mm), A is the area of the rooftop (m?), C is the runoff coefficient

dependent on the type of roof material, and 1000 is the conversion factor from mm to m.



Daily rainfall data for the study area for a period of 10 years (2001 through 2010) were
obtained from the Rafic Hariri Beirut International Airport meteorological station. Figure 2
shows the average monthly distribution of rainfall based on data collected during the period
between 2001 and 2010. Rainfall is seasonal, with a short wet winter and a long dry
summer season, typical of a Mediterranean climate. The runoff coefficient (C) is a
dimensionless value that estimates the portion of the rainfall that becomes runoff, taking
into consideration losses due to spillage, leakage, and evaporation (Singh, 1992). The
runoff coefficient is a function of the roof type, slope, and roughness. Appendix 4 lists
typical runoff coefficients with respect to different roof material. According to the
household questionnaire, 68% of households in the study area have cement roofs (Figure
3). Thus, the runoff coefficient was selected to be 0.7, typical for cement roofs. An average
roof area of 300 m? was adopted, unless indicated otherwise; since the highest percentage

of residences were of this size (Figure 4).
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Three building types were assessed for RWHS implementation including a single

residence, a 5 story ten apartments building, and a 10 story twenty apartments building.
These types were the most prevalent in the study area. In an effort to estimate potential
volumes under different hydrological years, a wet (2003), a dry (2010), and an average

11



(2007) year were selected (Figure 5). Water demands were calculated for an average family
size of 5 inhabitants per household, with a per capita consumption of 180 L/day.
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Figure 5: Amount of rainfall (mm) for the three selected hydrological years

The RWHS storage requirements were calculated using the Ripple Method of the Texas
Water Development Board (2005). The method uses a mass balance equation, where the
capacity of the storage tank is calculated based on monthly demands and precipitation
volumes, assuming that 70% of the rainfall falling on the roof is potentially collected in the
storage tank. Consequently, the accumulated rainwater from subsequent months are
accounted for in calculating the minimum size of storage tank required for a household
given its roof size, average monthly rainfall, and family size (Tomaz, 2003).

2.6 Socioeconomic Assessment of Rainwater Harvesting Systems

2.6.1 Cost of Rainwater Harvesting Systems

The household scale rainwater harvesting systems were analyzed, where water collected on
rooftops is channeled through pipes to an underground or elevated storage tank, which
many houses already have. In order to analyze the cost of a rainwater harvesting system

over its life span, the cost of materials required for installing such a system were obtained

12



from local suppliers and commercial catalogues. Appendix 5 shows a breakdown on
various components of a typical rainwater harvesting system. The annual amortized
payment was calculated using Eq 2:

_ i1+ _ Pxi
A= (1+i)"=1  1-(1+)~"

= P(i+ ——) (Eq2)

(1+4)" -1

Where A= Annual cost
P = Amount of principal, net of initial payments including capital and maintenance cost
I = Periodic interest rate

n= Total number of payments

The interest rate was assumed at 5%, a rate that is often used when analyzing the financial
feasibility of a RWHS (Roebuck et al., 2011; Mitchell et al., 2005). The life span of the
RWHS was assumed at 40 years according to similar studies in the Mediterranean areas
(Domenech and Sauri, 2011 and Farreny et al., 2011). Note that the cost analysis included
the cost of storage tanks, assuming different sizes based on the household size. The total
costs associated with the RWHS were then compared to the price of network water,
~$1.4/m?3, the cost of small household reverse osmosis treatment units, and to water

purchased from water tankers.

2.6.2 Willingness to Participate

A logistic regression model was developed to assess the factors affecting the resident’s
willingness to participate in rainwater harvesting systems. Variables such as number of
floors, age of the building, purchase of water tankers, satisfaction with current water
sources during different seasons, availability of outdoor space to accommodate a rainwater
storage tank, the level of trust in public projects, as well as the gender, age and level of
education of household respondents were tested for significance. Other socioeconomic
variables that were assessed include household ownership and total monthly household

income. The logistic linear model is of the form:

logit(p)=Bo + PaX1 + B2Xo + PaXat ... RuXk (Eq 3)

13



Where p is the willingness of a household to participate in a rainwater harvesting program
bounded between 0 and 1, the logit is defined as the natural log of the odds of the outcome
or In(p[1 — p]), Bo is the baseline constant, X1 to Xk are k independent variables, and 1 to B
are model coefficients. All model parameters were estimated based on the maximum

likelihood procedure using the glm function in R (R Core Team, 2014).

2.6.3 Willingness to Pay (WTP)

Willingness to pay is commonly defined as the maximum amount of money a customer is
willing to pay for a given quantity of a product or service (Wertenbroch & Skiera, 2002).
Therefore, it is considered as a critical input for policy makers that aim to implement
effective pricing policies. In this context, the main predictors that explained the variability
observed in the amount of money people were willing to pay for installing a RWHS based
on the household survey were examined. Factors such as age of the building, total number
of floors, current sources of water and level of satisfaction, age of household respondent,
gender, education level, household ownership, and total monthly household income and
expenditure were tested for significance.

2.7 SWOT Analysis

The SWOT analysis of external opportunities and threats as well as the internal strengths
and weaknesses was carried out to evaluate the efficiency of adopting rainwater harvesting
systems in the study area. The SWOT analysis is a qualitative examination that pinpoints
internal and external factors affecting the viability of a technology (Kajanus et al., 2012;
Chang & Huang, 2006). Strengths are defined as the internal assets in terms of technology,
finance, and benefits; whereas weaknesses are internal conditions or internal deficits which
endanger the competitive position of the system with regards to other water sources.
Opportunities are external circumstances which may contribute to the success of a RWHS
in an urban setting. Finally, threats are the set of external circumstances which hinder the
applicability of the technology. The SWOT analysis was conducted based on the results of

the socioeconomic aspects, in addition to the available water resources and related

14



legislation. Environmental benefits and drawbacks of installing rainwater harvesting

systems in similar projects in Mediterranean countries were also considered in the analysis.

3 RESULTS AND DISCUSSION

3.1 Water Quality

The main source of network water in the study area is the Ein el Delbeh spring that feeds
both the Daichounieh and Hazmieh water treatment plants. Both facilities were
rehabilitated in 2010 by the Kuwait Fund for Arab Economic Development. When asked,
most respondents indicated that they were dissatisfied with the quality of their network
water mainly due to calcification of pipes, faucets and household fixtures; in addition to
high turbidity level; salt water taste and bacteriological contamination were also listed as
concerns. Table 5 shows the perception and satisfaction of people with the water supplied

by the network in the 3 regions.

Table 5: Satisfaction with the quality of network water variability according to season and region
Hadath Hazmieh Baabda

Satisfaction with the quality ~ symmer Winter Summer Winter Summer  Winter
of network water during

Satisfied (%) 54.5 62.8 50.0 46.0 19.6 45.0
Dissatisfied (%) 45.5 37.2 50.0 54.0 80.4 55.0

In order to better assess peoples’ perception of their water, samples from the network water
(both public and municipal) were tested. The results of the physiochemical and
microbiological analysis are presented in Table 6, along with the relevant Ministry of
Environment (MoE) and World Health Organization (WHO) guidelines for drinking water
quality.

Interviewees’ perception of the quality of drinking water provided via the public water
network was generally negative in the study area. Yet, the water quality results, shown in
Table 6, were within the Lebanese standards and WHO guidelines except for total coliform

bacteria which were present in the vast majority of the samples indicating the presence of
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organic material in the water source. Only one sample collected from a household
connected to the municipal network in Hadath had fecal coliform bacteria (65 CFU/100

mL), which might be caused by cross-contamination during transport.

The water quality results of the network water showed no significant values above the
standards and guidelines except for total coliform bacteria; thus, necessitating the use of
chlorine to kill or inactivate the disease-causing bacteria so that the water can be safe for
use. The microbiological contamination was one of many concerns interviewees raised
about the quality of the public network water. When asked about the reasons for their
strong negative feeling about the water quality, they attributed their perception to the lack
of trust with public authorities, the possibility of contamination due to the absence of
wastewater treatment plants in the area, and the objectionable salty taste of the public

network water.
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Table 6: Water quality results of tap water in the study area

Sample ID pH TDS( | Conductivity | Chlorides Alkalinity Total Calcium Ca? Mg?* NO3 S0%, Total Fecal
mg/l) (1S) (mg/l) (bicarbonate) | Hardness Hardness (mg/L) (mg/L) (mg/L) | (mg/L) | Coliform | Coliform
(mg/L) as (mg/L) as | (mg/L) as (CFU/100 | (CFU/100
CaCO3 CaCO3 CaCO3 mL) mL)

HT1003M 7.52 403 819 11.3 319.0 388 257 103.0 318 256 43 TNTC* 65
HT0906M 7.12 238 470 54.8 316.2 379 243 97.4 33.0 8.40 49 67 0
HT3002M 7.01 361 730 62.7 3154 403 209 83.8 47.1 245 20 TNTC 0
HT2003M 7.15 272 522 48.2 312.7 190 218 87.4 99.1 224 49 TNTC 0
HT1004N 7.23 320 572 61.4 292.0 396 184 73.7 51.5 15.1 54 33 0
HT2901N 7.32 354 712 32.7 244.6 496 270 108.0 54.9 8.20 39 TNTC 0
HT2002N 7.59 304 517 46.4 210.8 382 224 89.8 384 11.3 47 TNTC 0
HTO0905N 7.42 318 576 47.1 209.8 320 213 85.3 26.0 2.60 16 6 0
HZ2101N 7.67 157 308 215 177.8 209 168 67.3 9.96 2.20 23 1 0
HZ1902N 7.54 148 302 18.5 176.2 253 184 73.7 16.8 1.40 26 15 0
HZ2102N 7.60 151 304 17.8 179.8 214 181 725 8.02 1.70 26 TNTC 0
HZ2103N 7.51 221 449 24.2 200.2 240 201 80.6 9.48 20.2 31 0 0
BA1402N 7.19 374 751 40.7 265.8 315 208 83.4 26.0 15.9 27 48 0
BA1403N 7.77 214 429 31.6 177.8 201 175 70.1 6.32 12.8 25 2 0
BA1404N 7.17 372 745 422 255.0 307 203 81.4 252 12.9 27 27 0
BA1703N 7.52 316 574 321 244.2 312 221 88.6 221 17.3 22 TNTC 0
MoE 6.5- 500 200 500 50 250 0 0
standards 8.5
WHO 6.5- 600 250 500 50 250 0 0
guidelines 8.5

HZ: Hazmieh N: Network Water

HT:Hadath M: Municipal Water

BA:Baabda * TNTC: Too numerous to count

The shadowed cells show values above MoE standards.
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Regarding the private wells located south of the Hadath area, the tested water samples
showed high levels of total dissolved solids (TDS) that exceeded the MoE and WHO
guidelines (Table 7). The high TDS levels are due to over-pumping that has promoted the
intrusion of seawater into fresh water aquifers. This was evident in the high chloride levels
in the samples, whereby 9 out of 11 samples had chloride levels above MoE and WHO
guidelines with an average chloride and sodium concentrations of 3,038 and > 200 mg/L,
respectively exceeding WHO and MoE standards for drinking water quality. Moreover,
most samples had high levels of microbiological pollution, indicative of sewage

contamination.
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Table 7: Water quality results of sampled private wells in the Hadath area

Total Calcium
Alkalinity Hard- Hard-
(bicarbonate) | ness ness Total Fecal
s | cr mg/l as mgllas | mgflas | C& | Mg* NOs | SO%s | Na* K* Coliform Coliform
Sample ID pH mg/l | mg/L CaCOs CaCOs | CaCOs mg/l | mg/l mg/l | mg/l mg/l mg/l CFU/100mI | CFU/100mlI
HT2302 6.67 | 6180 | 4340 14.63 3040 960 38.47 | 505.40 | 24.7 | 525 30953 | 324 TNTC? 5
HT2303-1 6.88 | 4620 | 3160 280.0 8040 770 308.6 | 1766.6 | 31.8 | 300 1258.2 | 344 TNTC 59
HT2303-2 6.76 | 4520 | 3050 508.4 1494 978 3919 | 12538 | 19.1 | 325 13141 | 45.0 TNTC 86
HT2304 6.98 | 6650 | 4600 305.2 2630 1010 404.8 | 393.66 | 246 | 650 1939.4 | 10.3 TNTC TNTC
HT2306 6.98 | 4460 | 3010 384.4 2510 970 388.7 | 374.22 | 16.4 | 350 1190.0 | 45.0 TNTC 0
HT2105 7.00 | 9060 | 6300 259.2 3570 1460 585.1 | 512.73 | 6.30 | 850 26156 | 61.7 TNTC 16
HT2104 7.05 | 4340 | 2970 296.4 2000 940 376.7 | 25758 | 29.7 | 325 1070.6 | 33.6 TNTC 1
HT2103 6.93 | 4290 | 3000 300.4 2030 1280 513.0 | 182.25 | 479 | 425 765.16 | 344 32 2
HT2102 7.57 | 540 148 12.26 500 380 152.3 | 29.160 | 9.20 | 40 59.423 | 5.30 44 0
HT0801 7.00 | 580 153 16.70 960 420 168.3 | 131.22 | UR! | 4 37.693 | 3.49 6 0
HT0901 7.07 | 3510 | 2440 308.0 1860 960 384.7 | 218.70 | 48.1 | 325 668.38 | 24.0 23 2
MoE standards 6.5- | 500 200 500 50 250 150 0 0
8.5
WHO guidelines | 6.5- | 600 250 500 300 50 250 200 300 0 0
8.5

1UR: under range
2TNTC: Too numerous to count
Shadowed cells show values above MoE standards and WHO guidelines
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The pH of the rainwater collected from the rooftops in Saida, Beirut, and Hazmieh ranged
between 5.26 and 6.83 (Table 8). The lowest pH of 5.26 was recorded in Beirut on March
25, 2015. On the same day, the pH registered values of 6.38 and 6.49 in Saida and Hazmieh
respectively. The low pH values can be attributed to the fact that rainfall was collected after
a period of no rain which might have led to the accumulation of pollutants. The pH values
of harvested rainwater in Italy and Spain are reported to vary between 5.8 and 8.8
(Villarreal & Dixon, 2005; Sazakli et al., 2007; Schriewer et al., 2008). Chlorides, nitrates,
and sulfate concentrations were all within the WHO guidelines. According to Halstead et
al. (2000), the concentration of sulfates, chlorides, potassium, calcium, and magnesium
increases with proximity to coastal areas due to sea salt aerosol containing these ions. The
average hardness as CaCOswas 7.2 mg/L; thus the rainwater is considered to be very soft
which offer the benefits of preserving household fixtures (faucets, dishwashers, sink tops,
and washing machines), decreasing scum formation, and reducing detergent consumption

in case the rainwater is used to meet the laundry demand (Farreny et al. 2011b). Roof
rainwater showed the presence of total coliform bacteria in most samples and fecal coliform
in 60% of samples. Microbiological contamination of rooftop runoff can be attributed to the
presence of microorganisms in bird droppings such as Salmonella and Campylobacter; in
addition to the presence of insects, mammals, and reptiles (Appendix 6). Salmonella was
reported in rainwater samples collected in California (Shroeder et al. 2002; Kinde et al.
1997). Note that samples collected on March 24, 2015 showed the highest levels of
microbial contamination across the three areas because the rainfall event on that day
occurred following a long dry period; thus rooftops were not clean and bacteria were not
washed off prior to sampling. In contrast, samples collected on April 14 and 23, when
precipitation occurred on previous days, exhibited no bacterial contamination. Although
many types of coliform bacteria are harmless, some can cause health problems which
include diarrhea, cramps, nausea and vomiting. According to Clary et al. (2014) the level of
E. coli and enterococci in roof runoff vary depending on the presence of animals, especially
if the roofs are shaded by trees. Such bacteria pose a health risk for infants, elderly and
compromised immune systems (EPA, 1989). Thus, chlorination is imperative to ensure that

collected rainwater is safe. Cleaning the catchment area and removing possible sources of
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contamination is equally essential before the rainy season. Nevertheless, industrial areas
should probably be avoided; unless water treatment is practiced to treat the harvested

rainwater.
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Table 8: Results of rainwater collected from rooftops and gutters in Saida, Beirut and Hazmieh

Total
Total Total alkalinity Total Fecal
dissolved | hardness as as Chloride Nitrate | Coliform | Coliform

solids CaCOs3 CaCOsz | Bicarbonate Cl- S0%, Ca? Mg?* as NOs | CFU/100 | CFU/100
Sample ID pH TDS mg/Il mg/l mg/l HCO3 mg/l mg/I mg/l mg/l mg/l mg/l ml ml
SR1 6.24 75 7.05 38 34.34 36.75 4.10 2.31 0.31 2.78 TNTC TNTC
SG1 6.22 88 11.9 41 51.00 38.50 3.10 4.22 0.34 3.84 TNTC TNTC
SR2 6.57 33 1.10 34 12.87 21.00 1.00 0.36 0.05 2.01 63 39
SG2 6.38 39 1.69 42 44.00 24.50 1.13 0.51 0.10 2.12 59 21
SR3 6.77 88 14.0 57 42.94 38.50 4.99 5.14 0.28 2.09 14 2
SG3 6.53 92 14.2 52 39.18 38.20 5.01 5.25 0.27 3.67 18 6
SR4 6.71 48 5.14 61 11.91 22.03 5.32 1.78 0.17 1.12 0 0
SG4 6.83 43 3.53 46 11.76 21.19 6.48 1.12 0.18 1.35 12 4
BR1 6.13 67 8.26 33 12.87 42.00 2.49 2.20 0.67 1.29 4 0
BG1 6.09 72 8.42 29 13.18 42.00 2.59 2.25 0.68 3.32 10 0
BR2 5.64 31 3.31 35 19.02 2.620 13.00 1.14 0.11 2.84 0 0
BG2 5.26 37 2.93 39 17.20 2.330 14.21 1.12 0.03 3.19 3 0
BR3 6.59 47 1.64 61 4.270 19.07 7.77 0.32 0.20 1.42 0 0
BG3 6.51 56 2.27 54 4.060 21.03 8.68 0.38 0.32 2.58 8 1
BR4 6.11 77 9.61 32 21.77 38.50 3.55 2.78 0.65 1.24 0 0
BG4 6.08 79 8.89 45 21.16 40.25 3.55 2.71 0.52 1.48 27 0
HZR1 6.23 51 6.36 32 4.270 21.00 3.51 2.21 0.20 1.24 32 12
HZG1 6.18 59 7.61 39 12.40 22.07 4.23 2.44 0.37 2.94 41 17
HZR2 6.55 47 6.10 54 12.87 45.50 3.50 1.16 0.78 0.24 22 10
HZG2 6.49 62 8.83 36 13.91 45.93 3.63 2.27 0.77 1.78 38 9
HZR3 6.72 14 0.70 42 12.54 24.50 6.01 0.04 0.13 UR* 0 0
HZG3 6.69 17 0.89 31 13.47 24.50 6.19 0.05 0.19 UR 5 0
HZR4 6.65 76 13.7 63 36.23 29.07 2.88 4.22 0.78 0.19 0 0
HZG4 6.58 84 14.8 67 34.67 31.50 2.49 4.68 0.77 1.04 0 0
MoE 6.5- 500 | - | | e 200 250 | - | - 50 0 0
standards 8.5
WHO 6.5- 600 | - | | e 250 250 | - | - 50 0 0
guidelines 8.5

*UR: Under range
S: Saida; B: Beirut; HZ: Hazmieh

R: Rainwater; G:Gutter

Samples (1) collected on 24/03/15;
Samples (3) collected on 14/04/15;

Samples (2) collected on 25/03/15;
Samples (4) collected on 23/04/15.
Shadowed cells show values not compatible with MoE standards and WHO guidelines
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3.2 Potential Rainwater Supply and Demand

According to Ferrera (2010) the amount of rainwater that can be harvested depends on four
major aspects: 1) the amount of precipitation in the area, 2) the area of the rooftops, 3)
water losses due to evaporation and runoff, and 4) the volume of the storage tanks. Rainfall
data from a 10-year period show that the highest amount of rainfall is received during
November, December, January and February, as shown in Figures 2 and 6. Similar to other
Mediterranean countries, the dry summer months (June through August) coincide with the
peak water demand due to increase in water consumption highlighting the importance of

using large storage tanks to store rainwater for the dry months.
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Figure 6: Number of rainy days during minimum, average and maximum rainfall years

The potential amount of rainwater that can be harvested from a rooftop area was calculated,
considering the average monthly rainfall during the three hydrological years (Figure 7). An
estimated 128.5, 135.7, and 182.5 m?® can be harvested annually during the dry, average,
and wet years respectively, assuming a 300 m? roof area. The harvested volumes can cover
exclusively the daily water demand of a building with 50 inhabitants for 20 days. For a
single household, the volume of harvested rainwater can serve for 203 days. The ability to

meet domestic demands showed large variability by month as shown in Figure 8.
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Figure 7: Monthly volume of rainwater (m?®) that can be harvested in three hydrological years
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Figure 8: Percentage of demand covered by rainwater in a single apartment, 10 apartments and 20 apartments building
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The results showed that during the wettest year (2003), the amount of rainwater that can be
harvested exceeded the demand of a single household of 5 inhabitants. During an average
year, (2007), the rainwater supply was estimated to cover up to 100% of the demand. As for
the driest year, the amount of rainfall received was estimated to cover up to 60% of the
demand. For multi-story buildings, the percentage of demand covered by rainwater is
minimal irrespective of the hydrological year. While the volume harvested may be minimal
with respect to total demand, its contribution towards reducing the deficit between demand
and supply is promising. Figure 9 shows that the water deficit can be reduced between

4.6% and 92.2% for buildings with 5 and 20 apartments with a maximum rooftop area of
217 m2,
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Figure 9: Percentage of deficit reduced as a function of rooftop area and number of apartments

The sizing of the storage tank depends on local conditions such as average rainfall, water
demand, catchment area, space area availability, and budget. The most common types of
storage tanks used in the area, are concrete and polyvinyl chloride (PVC). Appendix 7
shows the various types of storage tanks options. Underground concrete storage tanks are
the most preferable for aesthetic reasons; however, they might be too expensive or difficult
to retrofit into constructed buildings. The needed storage tank sizes for buildings with four

apartments or more are reasonable since the estimated amount of collected rainwater will
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often not carry over from month to month due to the high daily demand and the limited
supply. Whereas for a single apartment-household, a surplus in excess of 22 m? is expected
in the month of February, requiring a 25 m? storage tank to prevent the overflow of
rainwater. Figure 10 shows the percentage of days per year when precipitation can be

captured for different roof areas of a single residence (5 occupants) as a function of water

tank volume.
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Figure 10: Percentage of days per year when total precipitation can be captured

Note that due to the intermittent supply of water, many households already have one or
several water storage tanks that can be used to collect harvested rainwater in a building
after treatment. This option can overcome limitations such as the availability of space for
installing storage tanks or the difficulty of re-plumbing an entire building to create
dedicated water supply lines to link harvested rainwater directly to toilets or washing
machines. Most new buildings in the area have an underground storage tank with a capacity

ranging from 20 to 40 m® intended to store water received from the network.
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3.3 Socioeconomic Assessment

3.3.1 Economic Analysis

The RWHS can help reduce water shortages in the study area. Yet, the associated costs
with these systems will primarily drive their market penetration. The capital investment
needed for a RWHS was estimated to vary between $2,100 and $9,500 depending on the
capacity of the installed storage tank (between 5 and 40 m®). These costs include the price
of the storage tank, the pump, pipes, gutters, and excavation (Appendix E). The price of the
storage tank represents the largest portion for installing a RWHS, reaching 30 to 45% of the
total cost of the system depending on the tank’s material and size. The installation of a
RWHS during construction will generally cost less than retrofitting a system in an existing
building because of the extra costs associated with the plumbing changes needed as well as
the installation of downpipes to deliver rainwater from the roof into the storage tanks

located at the ground level.

Accounting for operation and maintenance costs as well as energy costs needed to pump
water from the storage tank to the household, the total cost of rainwater (amortized capital
cost plus annual operation and maintenance costs) harvested in a 5 m®storage tank is
estimated at $125 per year, considering a 5% interest rate and a 40 year life span of the
system. Thus, the cost of harvested rainwater per cubic meter is $0.28 assuming a 300 m?
rooftop area. The cost drops to $0.16/m3 when the storage tank’s capacity is increased to 40
m?3, which is comparable to current tariff on network water. Moreover, rainwater
harvesting competes favorably with the adaptation measures that people are resorting to in
an effort to overcome chronic water shortages whereby residents are reported to pay
$1.36/m? for water from a reverse osmosis system and up to $10/m? for water delivered by
tankers according to the household survey.

Examining the feasibility of rooftop rainwater harvesting in the area at different scales
revealed that detached single households are most suitable technically in terms of supply
since the potential amount of rainwater which can be harvested can cover almost 100% of
the demand in a wet year. However, economically such an option will involve relatively

large investments in constructing storage tanks. Morales-Pinzon et al. (2012b) concluded
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that a neighborhood scale rainwater harvesting system applied to collect rainwater is a more
economically attractive option than a single household ($242 as compared to $5703 for a
single family household). Another study by Rahman et al. (2010) showed that it could be
possible to achieve a cost-benefit ratio of 1.39 for a domestic RWHS with a capacity of 75
m?3 installed at a multistory residential building with a roof area of 1,600 m?, having 72 to

96 water users.

3.3.2 Household Survey

Nearly 77% of household interviewees expressed interest in participating in a rainwater
harvesting program. A number of interviewees viewed rainwater as a complementary water
supply source that can contribute in alleviating scarcity and reduce the demand on aquifers.
When it comes to their preferred uses for the harvested rainwater, 64.4% of respondents
stated their willingness to use rainwater for all household usages except drinking; 31.1%
believed that rainwater was suitable for potable purposes if properly treated. The remaining
4.5% believed that rainwater was only good for outdoor usages such as car washing and

landscaping.

3.3.3  Willingness to Participate

Several factors proved to be significant factors explaining respondents’ willingness to
participate in a rainwater harvesting program (Table 9). The four most significant
determinants of interviewees’ willingness to participate were found to be: age, presence of

outdoor space area, highest level of education, and number of floors in the building.

Table 9: Results of the willingness to participate logistic regression model

Predictor Estimate  Standard Error ~ Z-value  Significance
Intercept 7.1874 2.7819 2.584 0.00978
Age — 50 -0.6625 0.3267 -2.028 0.04257

10
Absence of outdoor space area  -7.0841 2.1566 -3.285 0.00102
Holder of university degree 1.7316 1.0017 1.729 0.08386
Building Floors — 2 -0.6710 0.3474 -1.931 0.05342
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To provide a meaningful intercept to the model, age was reported in decades after centering
on 50 years. Similarly, the number of floors in buildings was centered on a two-story
building. As such, a respondent aged 50, with no university degree, and living in a two
story building with access to an outdoor area is almost certainly willing to participate with a
probability > 99.99 %. When lacking access to an outdoor space, the probability of
participation dropped down to 52.6%. In the event that the respondent had a university
degree, the probability of participation increased by five folds. For every additional floor,
the odds of participation dropped by half. Older respondents were less likely to adopt
rainwater harvesting. With every ten years of age, the odds of adopting a RWHS dropped
by 51.6%. The multivariate model accounted for 0.2 (McFadden’s pseudo R?) and 0.3
(Cragg and Uhler's pseudo R?) of the proportion of the total variability of the outcome
depending on the pseudo R? equation used (Long 1997).

3.3.4  Willingness to Pay

Given that the only significant predictor was the monthly household income, an ANOVA
test was used to predict the variability within a particular income group while testing for
inter-income group variability. In other words, people’s willingness to pay (WTP) for a
RWHS was only found to significantly vary as a function of the income of the household
(p-value< 0.05). Note that a log transformation was applied on all the monthly income
groups in an effort to normalize the data. Monthly incomes were divided into 4 groups: <
$1500, $1500 to $ 4000, $4000 to $6000, and > $6000. The ANOVA analysis showed that
household income was a significant predictor of WTP for all 4 income groups. On average,
a household with a monthly income < $1500 was willing to pay 0.54 $ /m3 to install a
RWHS in case the current source of water is no longer available as compared to 2.34 $/m®
for those with an income > $6000/month. A comparison between the price a family of 5
occupants is currently paying for 1 m® of water delivered by water tankers ($5.64/m?3),
network water ($1.4/m?), and municipal water in Hadath ($0.37/m®) to account for water
shortage, reveals that the residents’ WTP closely related to the high costs they incur by

purchasing water from other sources.
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3.4 SWOT Analysis

The SWOT analysis for the adoption of a RWHS can help towards the development of a
strategy-plan and to prioritize actions needed to be taken in the short, medium, and long
term (Dyson, 2004). Literature based indicators coupled with social, economic, and
environmental considerations were analyzed to generate the SWOT analysis for the
implementation of a rainwater harvesting project (Table 10). Utilizing a RWHS have many
strengths starting from providing an onsite source of water for homeowners at a reasonable
price, especially for households that already have storage tanks, to providing a substitute
for water tankers and network water mainly during the wet season. The results
demonstrated that rainwater can allow for 4 months of water supply for a single household.
However, the major weaknesses for the applicability of the system include the absence of
legislation/regulations and the low priority given to RWHS by the central government and
municipalities. Nevertheless, the study area is an urbanized suburb with little or no outdoor
space area; thus, making it difficult to construct or retrofit storage tanks. The absence of
network water meters, low prices of network water and absence of a tariff system on
wastewater generated are inhibitors for the adoption of a RWHS. From a technical
perspective, the amount of rainwater that can be harvested is highly dependent on the
rooftop area and consumption patterns. Hence, the harvested amounts might be insufficient
to meet the demands in multi-story residential buildings. However, even under these
conditions, rainwater is a sustainable resource that offers an opportunity for urban
municipalities to reduce water deficits, runoff, and non-point source pollution. On the other
hand, external factors pose a threat on the viability of the system such as: fluctuating prices
of material and equipment needed to construct a RWHS, prolonged dry periods and
inadequate monitoring and treatment of harvested water; thus, posing a health risk for the
household users. Based on the SWOT analysis, the main challenge to the application of a RWHS

in the study area pertains to the lack of legislations and political will to regulate the use of this

technology and the absence of subsidies.
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Table 10: SWOT analysis of rainwater harvesting systems in the study area

STRENGTHS

WEAKNESSES

— Provide an onsite source of water for homeowners

— Supply water at a reasonable cost with minimal
investment for households that have storage tanks

— Reduce the centralization of water distribution

— Reduce dependence on water tankers especially in
the wet season

— Provide water with a relatively good quality to
meet non-potable household demand-

— Improve water security

— Allow for four months of water supply for a
single household with 5 inhabitants

— Absence of laws and regulations pertaining to the
harvesting of rainwater

— Low priority given to RWHS by donors, central
government, and municipalities

— High initial investment required in case of
excavation or retrofitting

— Increased sizes of storage tanks will add to the
construction and operating costs which may not
be economically feasible, especially for single
households

— Insufficient area for placing storage tanks
— Highly dependable on rainfall amounts
— Lack of building codes for rainwater harvesting

— Might not be cost efficient since the amount
harvested water is dependent on roof size and
demand

— Insufficient amount of rainfall to meet the
demand especially in multi-story residential
buildings

— Absence of a tariff system on wastewater
generated

— Treatment and disinfection of rainwater is
necessary depending on the intended use of the
effluent water

— Absence of network water meters and its
considerably low rates make the system cost
effective only for households with large roof
areas or not connected to the public water system

OPPORTUNITIES

THREATS

— Offers an opportunity for municipalities to invest
at a larger scale to supply households within their
boundaries or for landscaping

— Municipalities can construct rainwater harvesting
systems on municipal properties to capture
rainwater to be used for watering public gardens
and landscapes

— Can decrease water deficit
— Can help raise users awareness on water use

— The system can be installed in residences which
already have water storage tanks

— Reduce runoff and non-point source pollution

— Fluctuating prices of construction material,
storage tanks, and treatment systems

— Expected climate change impacts on precipitation
levels and potential prolonged dry periods

— Absence of water meters to charge users
according to their consumption of network water
makes the price of rainwater difficult to compete
with network water

— Inadequate monitoring and treatment of captured
rainwater poses health risks for the end user

— Water quality is threatened by surrounding
environment, animal feces, and other
contaminants which might be present
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— Can decrease combined sewer overflows and the
associated pollution of surface water with
pathogens, organic material, and nutrients
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4 CONCLUSION AND RECOMMENDATIONS

Water shortage is one of the critical problems facing the study area. Based on the study
results, it is clear that rainwater harvesting will not be the sole solution that will solve the
water scarcity problems in the Hazmieh/Hadath/Baabda area; yet it can be used as a
complementary source to current public and private water systems. Rainwater provides an
important water resource for developing a sustainable urban future for the
Hadath/Hazmieh/Baabda area in light of increased demand and limited supply from
conventional water sources. It is recommended that new buildings adopt this technology
and make use of the harvested water for non-potable uses as has been done in Spain, Italy,
Australia, and Taiwan (Farreny et al., 2011b; Liaw & Tsai, 2004). While roof-collected
rainwater, in general, meets the classical parameters for drinking water in terms of physico-
chemistry, microbiological properties of tested samples (coliforms) exceeded acceptable
limits. As a result, it is recommended to use a system equipped with disinfection especially
that the contamination persisted after the first-flush. The cost of common types of
disinfection methods are presented in Appendix F. Continuous water quality monitoring
should also be performed to ensure that rainwater is safe for use, especially if it is stored in
a common water tank with network water. The installation of first flow diverters are also
recommended to prevent household users from using low quality water due to the

accumulation of dirt or debris.

The ability to capture rainwater on a large scale has not been investigated in this study and
should be further examined. However, this is faced with many limitations such as the
availability of space to construct a catchment area to store rainwater harvested from
rooftops, pavements, roads, and parking. Moreover, poor water quality and social
acceptability or willingness to cooperate/invest in such a plan may present additional
constraints. The household survey showed that residents have a lack of trust in large
projects adopted at the central level and tend to favor projects where they can operate and

maintain the system themselves.
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The need for a management framework for rainwater harvesting systems is imperative
given the lack of policy statements on nonconventional sources of water. Moreover, the
absence of regulations and guidelines pertaining to the use of rainwater leaves homeowners
and local decision makers uncertain about the benefits, safety and level of treatment
necessary for the safe use of harvested water. Such guidelines can be devised through a
collaborative work between local municipalities and the Directorate General of Urban
Planning and several ministries including the Ministry of Environment (MoE), Ministry of
Energy and Water (MoEW), and Ministry of Public Health (MoPH). Thus, it is imperative
to promote urban rainwater harvesting through a series of policies and legislations, which
encompass a mixture of incentives and penalties. A regulatory framework is equally critical
to avoid adverse effects of poor water quality and diffusion of inefficient technology.
Therefore, promoting and sustaining rainwater harvesting practices in Lebanon is a shared
responsibility between various regulatory, enforcement and protection stakeholders. Table
11 outlines an institutional framework for rainwater harvesting comprised of key ministries

and local municipalities along with respective responsibilities.

Table 11: Main responsible authorities in the rainwater harvesting plan

Authority Responsibility

Ministry of Energy and - Identify, plan, execute, and supervise large scale rainwater harvesting projects.

Water (MoEW) — Provide incentives in the form of tax credits for homeowners that install a
RWHS.

— Subsidize RWHS and offer 0% interest rate 5-year loans (similar to the
subsidies given for solar water heaters)*

— Restructure the flat tariff water system based on consumption.
— Implement a wastewater discharge fee

Ministry of Public — Establish a program for the protection, monitoring and treatment of a RWHS.

Health (MoPH) — Ensure that water quality standards and public health concerns are met.

Ministry of Interior — Provide permits for homeowners who wish to implement a RWHS.
and Municipalities

(MolM) — Offer a rebate on property tax as an incentive for implementing a RWHS.

— Apply laws related to necessitating new buildings with a roof area > 200 m?to
adopt RWHS to obtain permission for construction.

— Ensure that the slab or the roof of new buildings is equipped with a proper
spout or gutter for the collection of rainwater

— Educate contractors about building codes set by the Order of Engineers so that
installed RWHS meet the requirements.
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Directorate General of - Establish building codes to ensure that the slab or the roof of new buildings is

Urban Planning equipped with a proper spout or gutter for the collection of rainwater.
(DGU)

1 (Lebanese Center for Energy Conservation, 2011)

An enabling regulatory and institutional framework is equally imperative to organize the
implementation and use of a RWHS including the establishment of monitoring
requirements and providing consumers with a “safe” water source at a reasonable cost. The
implementation of such a framework will require the involvement of various regulatory,
protection and enforcement bodies. A general management framework including regulatory

measures, guidelines and practices and institutions is outlined in Table 12.
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Table 12: Management Framework for a RWHS

System Design and Water Quality

Regulatory
Measures

Permits/License

Guidelines and Practices

Institution Responsible

MoEW!?

MolM?  MoE®  MoPH* DGU®  MoF®

-Provide permits for households who wish to use rooftops only as a collection
surface

X

X

-Establish building codes which address the design and installation of rooftop
RWHS’

-Adopt rainwater permits requiring on-site retention and use of rainwater
technologies for new buildings®

-Provide technical assistance for homeowners to ensure that the appropriate —
sized storage tanks are built.

-Ensure that RWHS components (pipes, storage tanks) are not placed where
service lines are located (telephone, electricity, cable lines and sewer).

-Ensure proper drainage of rainwater from the storage tank to a nearby
sewage discharge channel in case of overflow or potential leaks in the system

Materials

-Specify approved rooftop material, storage tank and pipe materials used for
the provision of rainwater.

-Recommend the use of PVC storage tanks for small and medium tank sizes,
concrete storage tanks for medium and large tanks sizes, and fiberglass for
large tank sizes

-Subsidize the prices of the components and materials needed to construct a
RWHS

Water Quality

-Develop quality standards for different uses of rainwater (irrigation, toilet
flushing, laundry...) including physical, chemical and microbiological
parameters

-Provide data on human pathogens present in rainwater and risks associated
with various uses

-Provide an overview of treatment devices available in the market such as
screens and filters to reduce the risk of contamination with suspended solids
and debris

-Offer treatment recommendations to remove microorganisms and pathogens
such as the use of ultraviolet (UV) lamps or chlorination

Inspection

-Conduct rainwater sampling campaigns on a weekly and/or monthly basis
during the wet period.

- Ensure that rainwater storage tanks are easily accessible for inspection and
maintenance

Training

-Train household owners on the best hygienic practices to ensure a good
quality of harvested water
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-Educate the homeowners about the safe use of a chlorine kit to eliminate the
risk of posing a health hazard

Incentives -Offer tax credits for RWHS
-Implement rainwater harvesting rebate programs to encourage rainwater
harvesting at the household level
Tariff/Penalties -Implement sewer tariff and metering regulations to charge homeowners for
the amount of rainwater lost in the sewer system
-Set fines and penalties on the property owners who fail to implement a
RWHS and subsequently contribute to water wastage
-Handle overflows from rainwater storage tanks through allowing rainwater
to exit the storage tank at the same flow rate it enters the storage tank. This
can be done by using an overflow exit pipe of a 25-50mm height lower than
that of the entry pipe®
Water Quantity -Predict domestic water use of harvested rainwater in an effort to estimate
S potable water savings.
g Water Quality -Analyze runoff contaminant loading (physical, chemical, microbiological)
S -Remove trees and other contaminant sources that might hinder the quality of
© harvested water
Treatment and -Specify chlorination frequency and acceptable chlorination dose to protect
) disinfection human health
§ Maintenance -Periodic inspection to ensure robust maintenance for any treatment systems
] programs or mechanical systems by homeowners
o
‘B Record keeping -Maintain a record book including dates of site visits, sample analysis,
= outbreaks, fines, and recommendations.
Sampling -Conduct sampling campaigns on a monthly and annual basis (analysis of
frequency physical, chemical and microbiological parameters)
2 -Submit water quality results to the MoPH
é Risk Assessment | -Assess possible health risks associated with the use of harvested rainwater
S -Select best remediation/treatment technologies to reduce the risk of
= contaminants
J Proactive public -Conduct publications, public announcements and door-to-door visits in order
ﬁ g outreach to promote awareness about the benefits of the implementation of a RWHS
o 5 g initiatives and secure public acceptance and support
=5
a <<d

1 Ministry of Energy and Water, 2. Ministry of Interior and Municipalities, *: Ministry of Environment, 4: Ministry of Public Health, °: Directorate General of Urban Planning, ©: Ministry of Finance,
’: Building codes should outline system and permitting requirements for various applications such as toilet flushing, irrigations, laundry... & (Stecker and Poresky, 2010), °: (City of Guelph Water
Services, 2014).
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5 FUTURE PERSPECTIVES

For a sustainable urban future, it is vital to continue integrating unconventional water
resource management such rainwater harvesting and gray water reuse in urban planning.
Nevertheless, future work should strive to explore the dynamics of urban environmental
changes in terms of urban density, homogeneity of construction and networks, and
space distribution for their effect on the management of water resources. Moreover,
research should be expanded to examine harvesting potential at larger urban scales
including parking lots, public spaces, department stores and the like, and to integrate the

results of rainwater with gray water in the system.
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Appendix 1

Typical rainwater harvesting installation
(Texas Water Development Board, 2005)

Roof collection area

Gutter
« Downspout
N ]
Overflow
D/\ L valve
Rl
Storage
tank
Ho:
Bottom 4
 full valve |
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Appendix 2

Household Survey

Potential use of rainwater harvesting systems in the Hazmieh/Hadath/Baabda Area

Questionnaire Identification

All | Zone |__ll__| [ A5 | Floor no. [

Alz | Street Al Ho_usmg (Start from right side) |___|
unit no.

Al3 | Neighbourhood Al7 | GPS N:
coordinates

Al4 Building Al8 E:

Well water Sampling

WWS1
sample?

Do we have access to the first discharge of the artesian well to take

WWS2

water level)?

Can we measure the water level in the well? (drop meter to touch

Schedule
AV1 | First Visit DD.MM.YY Start of interview hh:mm
AT1 .
Y N I Y A (time) I I M I
AT2 E_ndoflnterwew hh:mm
(time) S Y M
AV2 | Second Visit DD.MM.YY AT3  Start of interview hh:mm
Y N I Y A A Y M
AT4  End of Interview | |hh:|Tm| |
AVY Total visits carried out |
AV¢ .
Editing Date
9 DD.MM.YY Y I
AVe :
Coding Date
g DD.MM.YY Y Y
Av: | Data Entry
Date DD.MM.YY Y A Y T
Staff
AS1 | Interviewer ||| AS4 Coder I
AS2 | Supervisor L AS5  Data entry L
— operator —
AS3 | Editor L
Respondent
AH1 [ Name of household head (optional)
AH2 [ Name of main Respondent (optional)
AH3 | Gender of Respondent
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AH4 | Marital status of respondent

AR1 | Interview status

COMMENT

1 | Interview completed s

2 | Refusal converted
3 | Partly completed
4 | No usable information
5 | Household unit is vacant
6 | No contact
7 | Refusal
Additional comments
4 0S5 ) il e Il Tadl Cages
(Building Information) el Jss claglea
Gilh | ¢ghs Led ) okl e a L Bl
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Y 98
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sy \
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aled 44
Aadaiss dalise s Aalise BI8
il
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Glsa Y 8
alel Y 99

43



b ¥
il ¥
_ Y i
e
i 1
Gl Y A
chaedl (A Jsaasll e byl 40l g
BI10
chad) Caudaty o83 Y \ ¢ bl Calaty o 58 e B111
spall jlaeY) Jshaa Ji Y
Sy
el YOS ¥
Al 5 £
Gl Y A
alel Yy a4
ax L ISl & il ) A 2 50 o
S Y BI12
358 ) SobAll 1 2 5 o)
(el ) | 12
g A\t A
QU!)Q‘E‘M)“L“!?’—‘ \A\ EI\Y
Al
BI11
foball 1 ol iz a Lo | ©
e 1 fsall s (e H5iseclal da | gi1g
s 2 D
a1 Sehadl e gl 5 Aabasll o sall (385 & 585 Ja
s 2 BI11
As2
o) A F
BI11
G

Jndl el e Ll Cag oY)

(Water Sources) slwll jolias

44




eyl N das Al oladll jolas b Lo

WS1

ax ) Lalal) olaall 3<a5 WSlAl\
P Y
RIS a9
e ! (s piall olia Wi;
P 2
aef Y
99
i ) @l Ws1B
P Y
RSB a9
axd \ slae gypea WS1C
P Y
RS a9
pl ) (bottled) slas slie WS1D
P Y
ISR a9

45




i \ Al A giie olua WS1E
P Y

Al ¥ a9
ax \ BIVAVININ WS1F
< 2

Al Y a9

46




Al A e oludll e Joant i€ 13

Lolal) 3031 olua
(Network
Water
pas )| Rals Fdis DA (a) Bl Aalal) Al o bl o da | NWI
DY Y ¢Sl goadaal 8 il
Sl Y A
Al ¥ 99
Al pald i) Sl il jle el Ja | NW2
< 3
Gl 9A
Aefy a9
s LB ]| dnsaes L] S gl ke dlal o<1y | NW3A
N/A 97 $35 sl
Aty ad
S N I e ool L NW3B
¢aasl
N/A 97
RS 19
il \ bl cilalazid o | NWA
g2 st y sloall A5 (pe lgde Juand
aleain v Aalall
alalall Jusal ¢
Ll )
i\:\..d‘ .”!. ...S "L
Jrall 48y 4 Y
A

47




gl 5 || ¢ Cuall 3 Zald) A% e ol ngayas L | NWOA
5850 paa3 oS ¥ oS0 adaiie )
Qs Y A
RS 19
el || Canall & 5 cpn 53330 sl a5 oS | NWEB
33all aaB Al yasn Sar Y |
Gl Y aA
ael Y 19
gom) d 50 ¢ ol b Aalal) 3080 e oladl) 2y 5y85 Lo | NWTA
sl 3aa (Ko Y (8 i \
BRNOE Y
alel Y
49
ela| || ¢ Cum 5333 sladl) as < | NW6B
33l waas Sy Y )
Gl Y A
RS 19
Go to o ) o et ) A ol B i e gy il Ja | NWT
NW9 - i
¢ all (i 3 i
N Y
N/A ay
Glaa Y A
RS 19

48




Adla Cad ol ) (Ssa e ST (Sad) Soaly el 3l | NW8
slaall b IS ) cllin Y
slall aala llia v
20l 5Ll ¢
b)) el Ll Tads s sl o
(plest
izl olual 1
A sla Fanka Cld oLl
\
s Gy e A
N/A 97
P, 4A
alef 19
ﬁ\jvlfl’ pad \ S dess 1 3Kl slae Be s e gy il Ja | NWO
y Y eouill Lad & Alyie
N/A 97
P, 4A
aled Yy 19
Aubla Cad ol ) (Ssa 0o ST (Sad) Soaly p el 3l | NWI0
sl & 5l A llia Y
sl aal i v
2l oLl ¢
(Ghall) Chseaill Ao lay 55 oLl °
(plest
izl olual 1
A sla Fanka Cld oLl y
ol e A
N/A 97
P, 4A
RS 44
(camls s eadly canks cys) (153 ) B2 \ tlagac olaall 028 ey ifa S | NWI1
Aad)) canda (sl any ) idaussia Y
(lss
(ilsys Andly canda ¢yl 1D ) Rhan ¥

49




Gl Y

aA

iy

44

50




SV e elsall e Jaans S 13)

(Well Water) LY oL

|| Jral M elaall Lgie dos 1 LY 2 | WWI
Can wdill ) GV s ) 913l aaniid aa Al i ol oS Ja | WW2
sia Al cud aas Y WW?2
A
DT
Sl A
Aely a9
¢ Y A\t )
¢ LR YA v
WW3
A
il ala ) il pala el pals ) udlgals Y g | WWS
B
saad S yidia Y Ol sad Slpdia Y | Gl sael dyida Y sael S yida Y
Olse Olse
Qla Y AA ala W ! Gla Y 9A Gl Y 9A
A
Ay ad Ay 9 Ay ad Aely 49
q
) e | WW3
I I I I I ¥ B O I N :
|_|_|_H ! dhad|_ [ || s | || l_l_l_] !
X I I I I X
q
Gy 9A Gl Y Qla W 4A S Y QA
£ £ q £ £
Aefy  ad alel ¥ Aely  ad el Yy ad
q
L e e ] sedAs ] WWS
D
q q
e ¥ s Y Y AA s ¥ AA
£ q s q £ £
el Y alel ¥ Aely a9 el y a3
q q

51




Ww4

il | S olaal) el o L N
o) i) v Al e lgdde Jians
sleaziadll v
alalall ol ¢
gohall
Gssaall Jual °
Gl Crlanil 1
Joual) 48y &
- \
A
obaadl e ST AS ) Aalal) \ € LY ol ol cugal il | WWO
s e Al cua Y
Clea Y A
RS 19
st ¥ Lo el ol onebidens 5 Y0 ole e pisi 3l | WWE
bedndaall ||| ||| | fabidl 138 g8 (al
N A
RS 19
pai ) faariiud Al il HLe llia Ja WWX
< Y
Olea Y A
RS 19
Go to WWS8A axi \ & des ) WY ol Bie i e =) el a WWA7\
y v S ivall Jad ‘;_8, e
N/A 97
e Y aA
alel a9

52




Aalle oludl) | (s 0o ST (Kad) S0l e ol 3L WW;
LalS o Laall Y
235 (O olaall 3
sl Anil) e At Aad)) ol ¢
RREN
Lidee Aad)) oluall °
Cseailly V) o i\ la ol oLual 1
Gaginn sl oluall v
s el ye A
N/A 97
Y 9A
alel Y a9
Go To WW9 pas ) SV des ) Y el Be g e il el o WWAS
y v $olidll Juad b clljie
cal) & ) sl padnnd ¥ ¥
N/A 97
Clsa ¥ A
RS a4

53




Aalle oludl) | (s 0o ST (Kad) S0l e ol 3L WWS
LnadS o Ll Y
2 (el olaall 3
Dl Ay e dwpe Asd)) olall ¢
N
Aians Aadl) oluall °
el Y1 e Ada | lads 55 oladl) 1
Gagiyn &3ke olaal \
s el ye A
N/A 97
s Y A
alel Y a9
| I [ Saasl) 138 i die clalle aakall (1S 1y | WWI0
N/A 97
s Y A
alel Y a9
px ) DY ol pald A el Ja | WWILL
Y \
Y A
RS 19
A ¢ oAl aas sl | WW)
YA
GOtOWWI13 &gl sl Alansy g cans | flellanind U i slie Aalles 5 Ja WWw12
Go to WW14 il Al gy cans Y
Go to WW18 Aallee alai danlsy cand 3
Goto P 4
WT1A
s Y A
alel Y aq

54




alsall o2 8 Lo AsbasS Augal Janivd 13)

Ww1

3
Aladl) 5,0 3 gl 340 oaellas 3L 53l aus)
2 WWw1
E 1 3A
2 WWwW1
B 1 3B
2 WWwW1
B 1 3C
sia Jjial) 8 saals s e | Samad ol ¢l Jewios e 1)) | WWI
- 4
Jyiall & cliis 33 e Y
Al ol (3 e v
s celly P ¢
Sl Y A
RS a9
Aaske \ ¢ kil 1 by 13l | WWI
5
Ot Y
2905 a3h v
e ¢
Gl °
A (dlly e 1
Gl ¥ A
ale) Y 49
ASRs o)y Canlgll Al a e S L | WWI
6A
N/A ay
s Y A
el Y 44
— ¢ ) uxi 0y o L | WWI
. 8
faallas Glang (o ey 1l cAadlae alad Jeaiod i€
C B A ey s | WWI
saa AT ol oladll jue Cands Aalll olsall as 9
Gl desana (Asaeall Z3aY))
(Water softener) Reverse )
(Osmosis

55




pa pas pa
S ¥ A Y NSy
Gl Y 4 Gl ¥ 9A Glsa ¥4
A A
RSV Aely a9 Aefy 9
q q
I T N [ 1 T O ehyall 1 | WW2
N/A 9 N/A 97 N/A 9 0
7 7
Y 4 QY A PR
A A
ey 4 Aefy a9 Aedy q
q q
Aagle ) Iage ) Iage ) s ke WWi
o Y o Y o x| e
a0Se &b ¥ Ea0Se &3 oS 3l Y
oelSs ot JERIST
s ey ye o as ey e o aa ol e 0
N/A 4 NIA N/A 4
N4 N4 Y
Gl Y 4 Gl ¥ A4 Gl ¥4
A A A
alel Y 4 dely 4 dely 4
q q q
Sl alall el Ja ) o=l ol s ) ORI S ) | eds aag ol | WW2
Sl Sl palal f5aal ’
b paladl ghad)h e Y| Al paladl ghAd) e Y USSR
b palald)
iall pidl ghall da ¥ dpdal ohall da ¥ sl da ¥
GUBAN 8 aall dlisall (A1) 2 Apdal oAl a8 bl £
1as IS aalal) GlhAl (8l el & sl
a5 U< alall cUhall Ja
3 U< Al
oalall sl U asall o OBall U@ il e Jsaaall oo
oalall oalall sl

56




sl Al ae daall 1 AN 2 a3l 2 daall 1
salal) saldll 5l
bl Ltis e Y foball s e Y Liia eV
geaadl
Sy e A Ay e A Sy e
N/A 9 N/A 9 N/A 9
7 7 7
Gl Y 4 QYA Gl ¥ A4
A A A
ael Y 4 dely 4 Aely
q q q
D C B
2 Al ks olaall e Cands Aallall olaall ae
Cilang Ac sana ) (Asanal) a1
(Water softener) Reverse )
(Osmosis
fllan] A PN llan] e | S cals | WW2
5l 5yl Sy el ’
5l Caasl) 028
Ba Kle s U< e s Kl
N/A 4 N/A 4y N/A 4
\ Y
A Y 4 Gl Y A G Y4
A A
ael Y 4 Aely 44 Aely 4
q q
o 30 (<5 RSN as L | WWe
) Al b das ) s (s Ju 4
N/A 4 N/A  qy N/A  q | 3 diluag
v 4 3as )
s Y 4 s Y AA Qs Y A4 (sl
A A celies
ael Y 4 Aoy ad dely 4 gt
q q
pai ) axd ) e V| o deas o WWE
S ¥ pLY Y MY | bda ciaddl
s ¥ g Qs Y A s Y A S5an )

57




RSV Aely a9 Aely  aq
q
e || A ||| I e S S | WW2
b 6
daual) Basll
N/A 9 N/A 97 N/A 97
7 Qe
a9 sy 98 Uy 98 e Jlaay)
8
el Y 4 Ay A Ay aa
ﬂ
55l 5 k| WW2
7
syd | IS o)
N/A 9 N/A 97 N/A 97 Ak
7
sy 9 sy 98 sy 98
8
aely 4 Ay a9 Aefy a9
ﬂ
zoleall e oladl e Jhans e 1)
(Water Tankers) olull zlea
ol ol cilalasind s L | WTL
Y Jual ) )
Ty Y molea 0o lgle Jians
v sLadl)
skl Jusl
&Rl
] o
Jawall dd e 3
A
ehpds Bale (plas Aadl e s ol 3| W2
) J\A.A LAL Y Qe‘)l.g_aal\ Lf a\:ml\
dalall xe Ulal ¥
Gl ¥ AA

58




Aefy a9
i) CUSS el mopgaall by Ja iale | WT3
L aaall NS Y
Y AA
Ay a4
all ) A she A ) Caleall sba cppas g o | WT4
WAl Lala) AGA sl ol Y
ol paladl sl Y
Glsa Y AN
Acfy a9
B A aoleall olae Dlgin) Joa Alind
Sl b Chuall b
i a0 el ne] || faleall il iy a Lo | WD
N/A 97 N/A 97
Aty ad Aefy a9
(aash 23a) fadlss 3l gpeall pan a Lo | WTE
N/A 97 N/A 97
Aely  ad Aty a9
(Bassl) aaa) Sgolgall ola e pivi oS | WTY
N/A 97 N/A 97
Aely  ad Aty a9
clla. | WTS
sl o Sl A N dalal ) faleall slie plasinl cupal ol | WT9
GAY) slall jilas 8 AKEa Y
P\ YW WT9A
Clsa Y AA
r’kj v 99

59




\

WT1

60

pad SV aleall obie Lo s oo gl cul Ja A
Go to WT10B N Y fliall Juad 8 clljia I Juas
N/A 97
¥ AN
Aefy a9
Ialleoladl Y o ST K)ol el 13l Wgé
(PN
ulSolud) Y
asosloluall 3
aa dad)y bl g
Clseailly S e dab\ by dymeld) o
Gogyn Tleslidl 1
sl e v
N/A 97
Gl Y 9A
Aty ad
pi ) A el sl Ko g e gl il da WlT/i
Goto WT11B N oY Foldl) Jad 4 elljia N Josi
N/A 97
¥ A
Afy a9
Aalleoladl Y o SST e Sl el 13l WlTé
(Sl
Lol Y
s ool 3
s ¢dadly slaall ¢
Cleailly SV e A\ b dmalal 0
Gagim @3keoladl 1
sl e v
N/A 97
¥ A
Ay a9
Ly cpms ) faalle o) iy Joan Ja WT%
Ul cans Y
v




Tal O ¢
QY AA
Ay a9

&) e lgall slie Huas 5 L WTi
Y
TSR
QY AA
Ay a9

|/ OSal 13 bl )5 samall anl 23s | WTL

N O 5
QY AA
Aefy a9

Ll cpnd | flellaxinl 8 zoppaall sl s Ja WTé
Gl cans Y
daté Cavall JPLITRS Y
Tad O ¢
Gl Y AA
NSRERL

faadal dalladll b A L WT1

.
m 97
G Y AA
Aely a9

taliaall oluall (g i€ 13)
(Bottled Water) sl 5Ll
uall oy sl el o L | BWI
@ dusd g el

plaaiudl y
Gkl

61




Yes C Yes B Ves A S gl g 23 | BW2
Cllie eSlsg
B N . Bt N B I . fipall 1 4 L | BW3
Alel y a9 Ay a9 Aty aa
[ | L] a0 dllgyspe < | BWA
Al Y a9 Aely ad Aely a9 t6 sl
BN I T 9 Y Y T s L || fise S oo pan < | BWS
aled a9 Aefy a9 Aely  aq
leanks \ Joadl lganks ) il lgaals ) | sl sl cupidl ol | BWE
ol e S (Kaa) S3lunal
ol \ faa bl Y faa b Y (Sls>
dna
U, Y has GAKE Y| ol plas GAKE Y
& GAY sl ©AY
bae
slaall
@sﬁy\
Caane : Al At BW61
Al
e Y aA Y A G Y A
s 1 e 1 e 1 o3 de g i (aS | BW7
idasigia idasigia 2 dasigia o Luall
R 3 B 3 . 3
Y 98 Ly 98 Ly 98
rellyia b oball cpias e Ll Cagu (V)
(Storage Tanks) olwll ciliha
| (Aualdy ASsida) dlie ) sluall (pnelil darsinal) olaal) cilifis 2 | STI
¢ y Y \ ST2
£ Ohad) ¥ obAdl Y opad) AR
Jall pals | Jiall pals [ Jyall als VBl pels | ol | ST2A
oAl
udl ke | Y EOURE RO B einall @l e V| eadlddpse| Y
Gl Y| A Gl Y| AA Gl Y A Sl Y| AA
Aely | 9 Aefy | a4 Aefy | ad Aefy | aq

62




Galal) ) ) Gkl ) ikl ) Gl ) gise | ST2B
=) =) s oball
s 2 o) s oyl caas 2] afeas 2
N
s Y el lans el s AN el s Y
el
il dnas ¢ il Anas Aadl) anas ¢ i) anas ¢
Aely a9 Aol ¥ Aely a9 Aely  aq
Oz ) O Oz ) Odra ) sl | ST2C
Crian) Y Crian) Crian) Y Cian) Y Ak
cwg 4 ] cupg 4 cusl 4
EIRTTS S Do clly e taas oy e S ey e S ST2C
HAREN HAREN 1
Aely RS Aely a9 Aefy  aq
ke \ i ek \ ek | Ja | ST2D
T Y Tsie T 5a Y Z5e Y obad)
Jéia v Jike Jiia v Jie Y
Ay aq Al y Afy ad Aty a9
L | Ll || .| ST2E
% | | o I | sl
R | |
ey ey dorl L | ey
Gl Y AA Gl Y Gl Y A Gl Y A
Ay aa NS Aty aq Acly a9

63




¢ v Y |
¢ oA YOOAN Y OBAY Y oAl
il obe ) A<l olia ) Aalioba )| ASallebe )| dlas| ST2F
il ol Y il ol ¥ il ol Y Sdlele Y ol
olse ol
kel ¥ coleall ol Y zoleall sbe Y omlealoe ¥ S
Ll se £ L) slie £ Sl ol ¢ il ol g | oe S
q J(SIPeS
Gl ¥ A Glsa Y \ Glsa Y A Gl ¥ A
‘ < 4 N N
Aely aq RSB . aef Y 14 Aely a9
8 Ys \ 3e Y5 ) e Ys ) e Ys ) 58, | ST2G
FEIN S Y aalall v ¥ Ll xe Y Llllve Y| cabs
by Y Lsi ¥ Ui Y Lgw ¥ cobal
L S ¢ el dau S ¢ el dau U< £ pedlan K ¢
e
REIRTTS ° sl ye o s el ye o | 2 cdlly e ° ST2G
Al 1
N/A 97 N/A 9 N/A 97 N/A 97
7
Y 9A Gl Y 4 Y A Al ¥ AA
A
Ay ad Ay 4 Aefy a9 Aefy  aq
q
ST2H
R RREN
)
i
— Sladyy
N/A 97 N/A 3 N/A 97 N/A  qy S
¥ AA s ¥ A Gl Y aA Gl ¥ AA | RED
A abad
Aely aq RIS VAR NS 44 Aely a9
q

64




Gy cand ) [ Aupl Al Ggny cans ) | Aasdss Gy el ) Gsueas V| da| ST2
sy EEPLIERES 335k A0 Aol Adau s dallae
L0l sl sl
shes oAl
o 2 Sl aulg e 2| iy e 2] g 2 Jda
il ddaud sy il Alaxiod
i 3| Aalles i Aandg cans 3| ol Aanlg cand 3| iy 3 ¢
gy Aallea Aallas olss
ol
Aalls
lalas ellas ¢ ol ellae ks llae ¢ ks llae ¢
DL ° NS o S ° W oo
Ga ¥ A s Y 4 G Y 9A Y AA
A
Afy s RIS VAR Aely a9 Aefy a9
q
¢ v \ \
¢ oA oAl Y OBAY Y oA
Oz \ e ) e ) Gre ) sl e L ST2LA
i) Y Coan) Y Cian) Y Chiew) Y Al
dosh, ¥ aash ¥ ol ¥ dadh ¥ oball
a4 cupg 4 cung 4 cung) 4 € ol
fas oy e S taas oy e S taas oy e S taas oy e S ST2LA1
Q¥ AA G Y AA Ga ¥ AA Y 4A
Aely a9 Aely  aq Aefy a9 Aefy a4
08 T8 s ol ardind i 13) ST3

o lad olua dlas AudS

N/A 97

cla W 9A

dely a4

Madl) ol aani o lilad g (Y
Ll ol

65




RW1

I plat (a3 e ¢ eldl) ol padis 1Y)
DUad¥) olie paens
Alsle jracaany 1 ¢ Uae) ole pand A aladin] o) 58 13 RW2
DA Saas (e sl ol TS e sl 2
Ll e addladll aam 3
@il s ) 3allfAiall 5 sla sl 4
Gl Caalanl obie il 5
22l o3y & e Jd e oIS plal 6
2 ey e 7
Clsa Y 98
el y 99
Y > i aalg o T OUae¥l ol poentd ansivsdl ohall Ao b e RW3
B R T T\ ICY PO [ 2 §
STV e < ST aaly o
as ey e 4
s Y 98
alely 99
NN 1] oWl ol paentl pasid) il &g 0 b | RWA
Slawdl ¢
Cuiand
s el ye 4
Csa Y 98
ael Y 99
AU ol 2Uail 13 ol Aulee 1 Y A U] olae gaeatl plai dlyic 13) RW5
Jad e alaill 2 a2
ISl laalian oKy A UadY) 3 3 ¢ ) o L
UaeYl slae pasia) of caaf Y 4
Jsha Gl bacas o ) jUadY) slae o5l 5
g Ll 35as 6
aa ¢l ye 7
s ¥ 98
alefy 99
slae lilia o] 328l Auala Aalise 2ngy Y 1 Lo ¢ ladY) olae gaeatl allai clyic ang Y 13 RW6
3yalive 224l 539 2 feundl s
) sl e olaall Jail Auslic olae Jlalud 250 Y
ohali3
gl o2 e gand alfcipel Y 4
<
Lale o g Al o2 of Sl ¥ 6
s Cupl lae¥) olie dae s 7
) e el S Al o el Y 8
el ) Jaae o2l aap Y 9

66




s ey e 10
o 1] cSusan i jUaal) olie poans of s b RW7
< SoAY) slall jalias ) i) Lealasin
s ¥ 98
Alely 99
Sl lgle Jpemal) (Ko ol Bl ¢ cundl s LY 1Y) RWS8
Bgle Y aladidl sam i HUadY) sl de s of a2
las 5 A e ST a JUadY) sl o Jgeanll 2S
Al 3
s ¢elly e 4
Baja Osall sy ey dilus 1 ol Jpmanll Joai¥l) Assll 4 Loccty | RWO
ovlaally dasll 380 2 ¢ UaeY) ole sbeas A Jon Cilaglas
)y Aalall Cile LaaY) 3
duas il 4
sluall 3)51l8 e 5
OB adlse ¢ o lain) dhalsill adlge) i) e 6
i 1 Slal (ha sl daill dald dalie 2an da | RWY o
pLS 2
o) sl ) S M2 | oA aad lealatind (Ko 0 Aaled) 2 L | RW1Y
ol GBs m? Soluall
adyial) LSty aanl 1] ¢ oad ol arsias of o il gt &Y | RWLY
il lae Lo Adjiall el gaeal 2
o]y Caalanll 3
leg)sall ) 4
Al alatind Jla 3 Gopilly A0l Clladil) a0
Aalles
as el ;e 6
JLl aalidl) 1 oo el ole slas i a3 Jla 3 | RWI13
Janlls daalisall 2 io 8 Aaaluall 2y bl o (J3lall o
)Y 3 anliall o3
s lly e 4
sl b asas adgn Al sl o Lo RW14
¢ Ul
5 Lgndal eine il ) Al dail) oo L RW15
<l slall o3gd Anllas plai e J sl

) ol el ACus ol (B ablucall alanind ¢ ALY Gany Alud Gigu oY)

Willingness to pay for a rainwater harvesting system

srinse il (A aadY) L) 2l 8 e
¢ HUadY) sl poeatl Aus £lid dxdal

WTPRW1

67




aay ol 4eaiig G sl juad) Jla
1352 50
o 1 o eV maend ol AS Lk 2 cuf Ja | WTPRW2
P 2 EPPTIN | g JEIPEN
s Y 98
alel y 99
pad 1| SUadY) sloe guanil bl U (e 3las s i< 13 | WTPRW3
P 2 | Sabie ol adal aiess il o
Clsa Y 98
aled 99
axid) B g3 (RSl 5,0 el gl o L | WTPRWA
=Y 9% eakaall b Zaalul
aled Yy 99
adall slaaial) Ja A (any clle 7kl Cigu
(Willingness to Pay) a8all slaainy)
, a3 gy 58 b eclliia b ol Aaslal iy | WTPL
=1 Paglall fons Lymial el
Ay
Sl Y g
Aely 44
Gotops A i) (e Adgall JUY) Lilaad Ak g 3 13y | WTP2A
WTP2B Laabloall dlia gl pdal Saie o o clgalia (B Aaglal)
. “of xaal Tie RS ealaall
Goto il (gl adal 1t i v aball 4
WTP2C
SN/A - ay
cla W 9A
Lfy 99
andl S (53 (AL 5,) (el il o Lo | WTP2B
Goto sl | | |l | | | fabill i ealodl
WTP e i glia gl 20n
d d :u._x:\_;d\
N/A Ay
Uy 98 WTP2C
Aefy 99
Audlin) A of Jantl Ayl bl Y Y ixine e ol 13l | WTP2C

68




DU Glea b Aeablodl) 5,S8 bl Y
obaall e il A0 Al auins 5,8 byl 3
(A5) saenall Agallo Y 4
s ey R WTP2C1
N/A 97
Sl AA
Ay a9
GOto s ) Lond yadds of 3all cilallaa of cela) dlla 13 | WTP3A
WTP3B il b cdasiiod 53 Gl Sl ol b daslall
Goto e 6] aaal e cud S v ¢elly b Aaalisall gl Gl R
WTP3C
N/A 4y
Gl Y QA
Aty a9
aada) 3ains o3 (ALY 5,00 (gl plaal) o Lo | WTPSB
gl
Gotosd | | |l | |
SD1
N/A 4y
i JJ sl
Acly 99
Aaln) A (o Jaat) 2Ky AT Y Cixiaa ye il 3l | WTPSC
olae dasle Aallae b Aaaluall 58 (i)l Y
WY
obiall A g1l Aok Al s 5K (mi)l 3
WTP3C1
RRENTyeT-
A

69




N/A 97

Gl Y

RS

aA

49

Factors affecting the possibility of installing the water reuse system

Aalall Caspecil] Aats A g g 1 ¢ il i aall Ciyall olaal Juasy 13l | WTPWRI
39;.»4 3TN Sl 2
Al cla v
Clsa Y 98
RS 99
5 5,5 1 o2y anall Cipall slue lasind salely 5SS o, L | WTPWR2
tcad) B 3)KE Canl 2 eyl Gty ccabaca W) Culaiig ¢ (alayall (3315S 2l
Gl Y 98 fablall gy bl Jaus
aled Yy 99
5as 5,5 1 (ol Jeu) Aalagl) oluall alasnad salely S 3,5 o, L | WTPWR3
) o 55K Cand 2 ¢ palaall 33 A ahel (QLE dase 5 caleainy)
P 98 | ralilull gys cbled) Jowt g ealyall Cuatiy cclaa ) Calatg
RS 99
ax 1 Aala (hls (Sl e b bl 3 Joes ola Ja | WTPWR4
IS 2 flobe dlle Jig alld OIS o) 5)Sall olaalls
s Y 98
el 99
o 1 OIS ) 1368 g5 Tl Osaey 3 il (S of &yl o | WTPWRS
s 2| S dgalse 05 e by slaal) iy pema (min ) 523
k—l\jé Y 98 ?;.a:ual\ ‘f al:\.d\ ;b-::} tu:a.\l
aled Yy 99
sale] allas oSl 4nda) axiase ol (531 ) M al) o Lo | WTPRT
¥ 9 soall Jlaxid
g . !
el 99
anil el b il g olaall Jlexia 53le) ki AS)Lies e el Ja | WTPRY
< 2
U Y 98
Al ¥ 99

70




axil axise il olaal) Jlaxind 3aleY Lald) U e dhad dllin o<1y | WTPR8
P 2 01 Ll
s Y 98
Ael ¥ 99
Gl il s Lo(Ralilll 5ll) 3 AS )Ll 4abal ans g | WTPRI
ey %8 ¢ 2Ll
iy 99

71




tenlls ALl e AW (s (V) 2kl Cagas

(Socio-Demographic and Work Information) 4.8)% sasg 4 laia) cilaglea

[ Syl B (i ) MYl s L SD1
WI2 Wil SD7 SD6 SD5 SD4 SD3 SD2
S gl gl 3| Jaadl Lo clla Jass o ale e e SLlla ol sl 13 Ja TN toaiadl |t i) oy e DAl )
JAIEN] taliaa OS5
Aald dudige ) Jans ¥ VoK Y | TR ItPR R L | S ) il oy Y ;) b
Lle duiie Y| dange cala 2 N Tiawydwne Y | GO0 SD7 O B B iagy Y
Lirea v il g 3 Suv Lol daalsll ¥ 25 [l Y ol ¥
e\ Jee Oy 4 higie ¢ imk inla ¢ | GOtoSD7 AR R
Jyie 4y 5 gt o 2 O W oy ¥ cal\ sl o
e e 1 S 1 Go to SD6 saia | wia 1
ol Y L\ el Y
Lle il A ope A
N/A vy N/A qy N/A  qy N/A  qy N/A  qy N/A  qy
¥ 9A Gl Y aA Gl Y AA e ¥ A e Y A G Y AA
Aty ad alel Y 19 Acfy a9 Aely a9 Aely a9 Ay ad

I ® | m| O O m >

72




rellyial alall Ll aagll Jom 38U Gans dlile #ykl g

(Financial Status) Jull gaasl)

[ 38,40 calaall el (359) ciligllually agil) adh : Jjadl 3 Cajal) e | FSI
(Bolonsdl 8 5o/ 33l

Ao cani ) fad Kun 3 Jyaall el Ja FS2
Dl Sls Y
Sy

aa

WY AA
Acly a9

cS N I Y W Y A ealilall MeaY) (5edl) Cogpadll o | FS3
Gl Y aA
Aol ad

Ossles Mppone 1 ¢l Jlea) (gedl) Jaall o Lo | FSS
PRI IR
Ngafeva—You Y
N Teee — g g
s Tev s e g °
Gl Y A
Aty ad

| fiall e eShay S cid) 2 Lo | FS6
Y 98
ey 99

73




Appendix 3

Setup used to collect rooftop rainwater

Setup used to collect rainwater for Setup used to collect rainwater for
physicochemical testing microbiological testing
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Appendix 4

Rainfall Coefficient

Rainfall Coefficient respective to types of surface
(Texas Water Development Board. 2005)

Type Runoff coefficient
Galvanized iron sheets >0.9

Tiles (glazed) 0.6-0.9
Aluminum sheets 0.8-0.9

Flat cement roof 0.6-0.7
organic 0.2
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Appendix 5
Estimates of material and labor costs

Estimates of material and labor costs ($) required for the construction of a rainwater harvesting system

Input description units Material Labor Total Life
cost cost cost  span
®) $) ®)

Plastic storage tanks 6 m? m? 675 - 675 40

(cylindrical poly tanks)

8md m3 720 - 720 40

10 m? m3 1200 - 1200
Prefabricated concrete 5 m® unit 3500 - 3500 40
storage tanks

10 mé unit 5500 - 5500 40

25 m? unit 8000 - 8000 40

40 m® unit 12000 - 12000 40

Pavement m? 75 50 125 40

Sand backfilling m? 20 50 70 40

Brick m? 0.75 50 40

Concrete material Kg 2.0 -

Construction services h - 750 750 40

PVC pipes 120 — 160 mm diameter  unit 20.6 - 200 25

pump - unit 533 - 533 15

Filter screen - unit 400 - 400 5

Level control - unit 166 - 166 15
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Appendix 6
Types of contaminants typically found in RWHS

Types of contaminants typically found in rainwater systems and their associated mitigation measures (Mosley,

2005)
Contaminant Source Mitigation measure
Dust and ash Surrounding dirt and vegetation Use of first flush system
Volcanic activity Regular maintenance of roof and gutters
Car exhausts and generators
Pathogenic Bird and other animal droppings on the Use of first flush system
bacteria roof Regular maintenance of roof and storage
tanks
Heavy metals Dust, particularly in industrialized areas

Mosquito Larvae Mosquitoes laying eggs in gutters and
tanks

77



Appendix 7
Types and characteristics of storage tanks

Types and Characteristics of Storage Tanks Used for Storage of Rainwater

Type of Storage tank  Location Capacity (m3) Characteristics

Fiberglass Above ground 0.2 -57 Vertical and low-horizontal cylinder shaped
Relatively expensive for sizes < 4 m®
Easily repaired

Polypropylene Above ground  0.2-38 Relatively inexpensive, durable, and light weight
Bulkhead fittings might be subject to leakage
Do not retain paint well
UV-degradable

Wood Above ground 2.6 - 140 For aesthetic appeal; made up of cedar, pine, or

cypress trees

Easily dismantled and reassembled at different
locations

Relatively expensive
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