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ABSTRACT

Ferro-cement tanks are promoted in water stresse ral communities as ost alternative to other

al impact each type of tanks

the commercial availability of

low cost plastic tanks in a wide ra ntific assessment of the viability of
ferro-cement tanks for storage of K@i i i In this study, life cycle analysis

Il stages; construction, transport, use and disposal, in the useful

ement concrete (RCC) and high density polyethylene (HDPE)

in domestic rain water harvesting (RWH) systems to determine the

viable options in term cost, embodied energy and environmental impact. While the life cycle

cost indicates the ecogfomic viability, the total embodied energy and CO, emissions are used to
assess the environmental burden of each water tank.

Ferro-cement is a modified form of reinforced cement concrete- a composite construction material,
in which the reinforcement is finely subdivided and dispersed in the matrix in order to achieve a
closely spaced crack regime coupled with excellent corrosion resistance and high permeability to
ingress of water [6]. It is well accepted as an efficient low cost construction material and in Sri
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Lanka and elsewhere it is widely used in the construction of water retaining structures such as tanks
for domestic rainwater harvesting systems, particularly for communities in remote areas. Ferro-
cement water tanks are generally considered as cost effective and low in weight, and can be cast at
site requiring no formwork and are easy to maintain.

In the study, ferro-cement tanks introduced by World Bank funded Community water Supply and

Sanitation Project (CWSSP) under the Ministry of Housing, Construction and Public utilities is

considered for the comparison. Tanks are of roughly spherical s an average diameter of
out of shaped 25 mm
5 made of 6 mm mild
uoven mesh arg used

as reinforcement. Exterior walls are plastered first 3

mould from inside for a total wall thickness of 44

manufacturing process. The Iif
replaced with RCC.

m. A steel cover made of 2 mm thick GI sheeting is
intajn the tank. A structurally sound RCC water tank that
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scycling

its useful life

in varying capacities. A 5 m® capacity cylindrical shaped
iameter of 1200 mm, a height of 1500 mm and wall

rranty periods given by manufacturers the durability of HDPE
ears. The lower life time compared to the reported 25 years
contents to which tanks are exposed in tropical countries such

useful lifetime are ge not considered recyclable due to the UV degradation are therefore are

burnt to recover energ§” Life cycle tree of HDPE tanks over its useful life is given in Fig.2.
Indicated within the dotted line boundary is the HDPE resin manufacturing process.
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Mazufacee

is estimated that a 5 m® capacity rainwater tank can supply
ptable demand of a household of diffuse setting with 4-5
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1:24 (3/47)

of ferro-cefgent rainwater tank [7]

ed to RCC and HDPE tanks. The study focuses on the cost,
the environment by way of CO, emission contributions during

METHODOLOG

In the study, techniques of life cycle analysis (LCA) are used to estimate the cost, embodied energy
and CO, emissions in the construction, use and disposal stages of each type of tank. Taking into
consideration the differences in durability of the 3 generic types of tanks in focus, the calculated
values are normalized using a functional unit (FU) for realistic comparisons. The FU is taken as 1
m? of collected rainwater used per capita per year.
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In the LCA of tanks the system boundaries are taken as that covering construction, usage and
disposal stages only. All pipes, accessories such as pumps are not considered in the analysis as
they are external to the tank.

Data from the Inventory of Carbon and Energy (ICE) (University of Bath, UK), Alcorn [1] and the
Centre for Building Performance Research, New Zealand [2] are used to identify the embodied
energy and CO, emissions of materials in each tank while costs and quantities are gathered from
local suppliers and contractors.

CALCULATIONS

analysis procedure, the assumptions in

cycle assessment of the 3 types of water tanks. in Manufacturing of tanks
is not considered. It is reported that typically energ less than 1% of the total
embodied energy [3].

g into account the volumes involved and the
itghfrom the nearest batching plant. However, the cost of

painted and any attachments to the tank cover such as handles,
have no significant contributions to the calculation.
The cost an r maintenance is negligible.
It is assumed t lywood and lumber used in the formwork are not re-used. Any lumber
used is not takeh into calculation due to its relatively low quantities and cost.
At the end of the useful lives, both ferro-cement and RCC tanks are assumed to be de-
constructed and materials used for land filling at site. In the case of RCC tanks, recycling of
materials from deconstruction is considered non-viable due to low volumes. Energy
required for the deconstruction is considered minimum. HDPE tanks are assumed to be
removed from site, but recycling is not anticipated due to lower quality of resulting recycled
material. HDPE tanks can be burnt to recover a percentage of energy but the amount is not
35
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taken into the calculation as it does not have an impact on the embodied energy of the tank
over its useful life.

Cost analysis:

Costs of procurement, construction, usage and disposal are calculated at current prices in Sri
Lankan Rupees (SLR, Conversion ratio; 1 US$ = 145 SLR). Cost calculations for ferro-cement,
RCC and HDPE tanks of 5 m® capacities are given in Table 1. It shiows the normalized costs
(cost per FU).

Transport cost is calculated based on charges per km ang o0 the supplier bases.
‘ fing the sj
remotely located.

Table 1: Cost analysis for Ferro cement, RCC

Tank type (5m° capacity) Quantities

Ferro Cement

Cement
Aggregates 20mm
Sand
Steel 12 mm hexagonal woven
mesh
Labour
Skilled
Unskilled

RCC
(Cast-in-place)
(1:2:4)
Cement

Sand

Steel

(10 mm bar)
12 mm thick
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Aggregates
20 mm 1md
Plywood sheets 30 m?
Labour
Skilled 48 Hrs
Unskilled 112Hrs
Tank Cover
Gl sheet 2.85 m
Transportation 200 km

Total

HDPE
Transport

Total

Embodied energy and CO, emissions

ecovered by combustion at the end of its useful life,
displacing ivalent amount™@A fuel oil [8]. The amount of CO, emissions in the production of
HDPE and in ' wh.

Table 2: Embodie O, Emission Comparison of ferro-cement, RCC and HDPE tanks

Tank Type Qty. Embodied Embodied Carbon Kg CO, | CO, emissions
(5 md) kg Energy Energy /FU per kg /FU
(MJ/kg)

Ferro-cement

Cement 400 kg

Sand 3000 kg
Aggregates
20 mm 275 kg
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Steel 12 mm
hexagonal woven
mesh

Gl sheets (Cover)
Transportation
(Diesel)

Total

10

10
200 t.km

RCC
Cast-in-place
Cement

Sand
Aggregates
20 mm

Steel 10 mm
Plywood
(Formwork)
Gl sheets
Transportation

Total

500 kg
1000 kg

1500 kg
155 kg

160 kg
45 kg
330 t.km

15
20.1
2.5 /tkm

HDPE

Production of
HDPE

Tank mfg.
Transportation
Disposal

324
2.5/t.km

(9.13)

rainwater used per ca
cement tanks costing
mould is used for 10 units, still 8.8% higher than same capacity RCC tanks in cost/FU.

year (FU) is the highest for the HDPE tank at SLR 496.70 while ferro-

R 232 with the mould used for one unit and SLR 192.45 when the same

Both ferro-cement and RCC tanks are cast-in-place highlighted by high labour content of 40.6%
and 25.3% in the overall normalized cost (Fig. 4). However, taking into consideration that these
tanks are constructed as community based projects, it is possible to consider unskilled labour as
contribution from the potential user and hence free of cost. In such a scenario the cost of ferro-

cement and RCC tanks drop as much as 41.7% and 16.3% to SLR 135.18 and 146.80 per FU
38
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respectively. Usually, plywood for formwork is used up to 4 times with a 10% loss at each time. If
only 25% of the cost of plywood is taken, the total construction cost of RCC tanks would drop by a
further 24.2% for a cost per FU of SLR 111.40 thus making the life cycle cost of RCC tanks the
lowest while HDPE tanks with their low durability (taken as per manufacturer’s warranty) stands
the highest with SLR 496.70 per FU. It is noted that in the case of RCC tanks a further economic
gain can be anticipated when approximately 155 kg of steel used for reinforcements is disposed as
scrap iron at the end of the useful lifetime of the tank.

120
Percentage of

Cost/FU

# HDPE

100 — Steel mould

30 g & Transport

2 Gl Sheeting

60

iLabour

40 1 Plywood

W Aggregates

™ Steel

- Sand
HDPE

Tank Type .. Cement

the manufacturing process of HDPE tanks is typically less than
the calculation. From Table (3) it can be seen that the total
e 5 m® capacity ferro-cement tank is the lowest at 9.96 MJ

almost 40% lower tha and 30% lower than HDPE tanks. However, if plywood used for RCC
form work is taken asg€used, embodied energy in ferro-cement tanks is only 25% lower than that
of RCC and hence more sustainable than the same capacity HDPE tanks. It should be noted that the
embodied energy of RCC tanks is calculated inclusive of the cover made of Gl sheeting. If an
alternative material such as wood is used, the normalized embodied energy would be lower, thus
becoming more competitive with ferro-cement tanks (Fig. 5).
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Figure (5): Contribution to normalized E , and HDPE
Tanks.

kg is the lowest and RCC
on the other hand are having
the highest embodied CO, at 28
process. Since CO, emissions in t
be negligible comp £ ot included in the calculation.

120

Percentage 100 # Production of
CO,/FU ! B HDPE

= Transport

80
- Gl Sheeting

60 : 11 Plywood

W Aggregates

40

71 Steel

- Sand

o Cement

Ferro Cement HDPE
Tank Type

Figure (6): Contribution to normalized CO, Emissions, of Ferro- Cement, RCC and HDPE Tanks.
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As the durability of each type of tank has a major bearing on the normalized cost, energy and
emission figures, any possibility of change in durability is important. While well constructed RCC
tanks are known to have a useful lifetime of 50 years, the lifetime of ferro-cement tanks depend
heavily on the design, materials used and workmanship. Ferro-cement tanks with specially
formulated admixtures containing bonding agents, plasticizer and pore sealants included in the
mortar, a minimum mesh reinforcement of 0.3% by volume and 2 to 6 layers of hot dip annealed
galvanized mesh reinforcement has been reported to be showing higher durability even beyond 50
years [Sharma]. Also important is maintaining a minimum cover g§#8 the outermost layer of
s ferro-cement tanks

inimum cost as the

ers_gipthese

maintenance and replacement. They also C
contaminants. However, with a higher thermal
collected rainwater stored in HDPE tanks gets war i wrtropical climates, allowing

. It is also of interest to note

elevated supporting structure allowing the collected rainwater
ravity thus saving on pumping energy, is an important aspect in

CONCLUSION

Comparing ferro-cemént, RCC and HDPE tanks, RCC tanks prove to be the most economical with
the lowest normalized life cycle cost at current prices, particularly when construction is carried out
as community based projects. Under equal conditions, even though ferro-cement tanks are 17.6%
higher in normalized cost compared to RCC tanks, they are 43% and 2.6% lower in embodied
energy and embodied CO, in comparison to RCC tanks.
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If however, the durability can be increased by possible improvements in materials, reinforcements
and workmanship, ferro-cement tanks would be much superior in cost, embodied energy and CO,
per functional unit. In the study, the use of energy and emission data from multiple sources is taken
as not substantially affecting the estimated values. Assumptions and values used were kept constant
enabling a comparative LCA of the three types of rainwater tanks.
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