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A SITE STUDY OF THE IMPACT OF REPLACING A SAND
FILTRATION SYSTEM WITH THE CERAMIFLO ON THE USE
OF ELECTRICITY, WATER AND GAS

EXECUTIVE SUMMARY

The replacement of the existing sand filtration with the Ceramiflo filters resulted in savings in the
energy used by circulation pumps, and the amounts of water used in backwashing and the associated
costs of heating the top up water to pool temperature. The analysis presented here compares the
performance of the original sand filtration with that of the Ceramiflo, where the data for the
Ceramiflo were taken from two periods following an initial period of about 4 months where the
Ceramiflo system had several updates and was being optimised.

e 1/12/2022 to 13/1/2023 - where the mean circulation rate was 124 m*/h.
e 24/2/2023 to 20/3/2023 - where the daytime flow was increased to 148 m*/h, averaging 133
m®/h over the day.

The reduced costs of operating the circulation pumps following the installation of the Ceramiflo were
due to reduced hydraulic head requirements to circulate water through both the filters themselves
and the post-filter pipework. This resulted in the amount of hydraulic power required to circulate
water being reduced from 3.87 kW with sand filtration to 1.34 kW with ceramic filtration (1.64 kW at
the faster speed after 24/2/23). It should be noted that this reduction in hydraulic power using
ceramic filtration was despite the actual flow rate being faster than the 118 m®/h average for the
sand filtration.

However, there was a trade-off between reduced hydraulic power requirement and reduced pump
efficiency, due to the pumps now operating further away from their ‘best efficiency point’ than was
the case for the sand filtration. The overall effect was a 60% reduction in average pump power
consumption from 8.86 kW to 3.51kW (4.25kW for the period of operating at faster speed), giving
annual projected savings shown in Table 1. The tariffs used in the cost calculation were 30p per kWh
(day) and 20p per kWh (night).



TABLE 1: Annual consumption and cost of circulating water

Annual kWh Annual cost (£) Annual tonnes CO2
sand filters 77614 21020 15.0
ceramiflo (original flow) 30778 8789 5.9
ceramiflo (faster flow) 37230 10224 7.2

The impact of the Ceramiflo was to reduce the Watts of power required to circulate each 1 m®/h of
flow from 75.3 W per m*/h to 28.3 W per m®/h (32.0 W per m®/h at the faster flow rate) - see table 6
in main report. This brings the efficiency of circulation to within the Passive House target of 40 W per
m*/h which very few pools in the UK achieve.

There is scope for further savings:

¢ by improving pump efficiency once there are two duty pumps available to use. Reducing the
rate of flow through each pump is expected to increase the efficiency of conversion of
electrical energy into hydraulic energy.

¢ by reducing the flow rate commensurate with the demand for water treatment. This is the
next phase of the extended commissioning process implementing the latest research
findings on the effective control of pump speed in relation to the demand for water
treatment.

The Ceramiflo has had a considerable impact on reducing water use as shown in table 2 below, based
on data from 1/12/22 to 13/1/23 for the Ceramiflo. This suggests a saving of about 4.04 m? per day
(1478 m?® per year) in terms of water use (first table), and the associated savings in heating and
treating (table 3). The tariffs used in the cost calculations were £1.89 per m? for metered water use
and £0.15 per kWh for gas.

TABLE 2: the impact of ceramic filtration on pool water use

mean daily water use (m*®) = Annual cost

original sand 5.07 £5,352
Ceramiflo (original flow) 1.03 £1,082
Ceramiflo (faster flow) N/A N/A

TABLE 3: The impact of ceramic filtration on the energy cost of heating backwash water
Annual water use (m®)  Annual gas heating kWh  Annual heating cost

original sand 1852 46486 £6,973
Ceramiflo (original flow) 374 9396 £1,409
Ceramiflo (faster flow) N/A N/A N/A

The volumetric heat capacity of water suggests that 4.04 m? saving of top-up water would reduce the
gas consumption by 101 kWh per day assuming a temperature rise of 18°C, including an allowance
for the likely combined efficiency of the boiler and pipework/heat exchanger heat losses.



The monthly records of gas consumption since January 2021 showed, as expected, that there was a
very strong influence of monthly average outside air temperature on gas use, amounting to an
average of an additional 155 kWh per day per °C drop in average outside air temperature. This made
it difficult to establish an accurate figure for the actual impact of the Ceramiflo on gas use, not least
because backwash water heating is only a small component of the overall building gas consumption.
However, the gas metering data suggested that after taking account of outside air temperature
effects, the gas consumption after the Ceramiflo was installed was reduced by about 200 kWh per
day (73 MWh per annum), which is rather more than the expected reduction in gas use solely due to
reduced water top-up. One potential reason for this is the reduction in heat loss from the pool plant
into the plantroom due to the removal of the large steel filter shells that were wastefully shedding
heat into the plantroom. If the ‘missing’ 100 kWh/d savings evident in the gas metering were due to
heat loss from the old steel filters, this would amount to a wasted heat flux of 4 kW which is well
within the range we have observed at other sites, costing c£5,400 per annum at current gas tariffs.



REPORT

PREAMBLE

This document presents the conclusions from a detailed site study with respect to the impact that
the installation of the Ceramiflo filtration system had on the use of electricity used to circulate water,
and the amounts of water used and the associated cost of pool water heating.

The key dates for the purposes of this report are in table 4 below. Three periods were chosen for
analysis:

e  Study period 1. Original sand filtration
e Study period 2. The Ceramiflo had gone through a period of upgrades, commissioning and
adjustment to optimise performance, and this study period starts from when that process

was deemed complete.
e Study period 3. The Ceramiflo speed settings were adjusted to increase the circulation rate

during the day from about 126 m®/h to c.148 m*/h. The flow rate with the original sand
filtration varied widely between 125-140 m®/h for very brief periods following backwashing
falling to 80-100 m*/h by the end of a backwash cycle.

TABLE 4: Key dates

start end Description

May 2022 | 27/7/2022 | Study period 1. Original sand filtration

13/9/202 | 16/11/202 | The Ceramiflo had been installed, but was undergoing extended

2 2 commissioning and adjustments/upgrades to optimise performance
1/12/202 | 13/1/2023 | Study period 2. All data available to analyse to assess performance of
2 the commissioned Ceramiflo

24/2/202 | 20/3/2023 | Study period 3. Flow rate settings increased, giving flow rates 20-40%
3 faster than with original sand filtration. Limited data available

This report compares the performance of the original filtration system with the Ceramiflo system in
terms of the consumption of electricity to operate the circulation pumps and the consumption of
water and gas.

This analysis is based on data from several sources.



e Manually recorded data by on site staff. This was carried out between 7/6/22 (though with
some occasional earlier records) and 31/8/22. It is these data that were used to assess the
performance of the original sand filtration.

e Automated recording of a range of parameters by the Sentry Intelligent Management System
(SIMS) since 13/9/22. Unfortunately, there was no overlap between the manual data
recording in 1 above and that from the SIMS system making some of the comparisons
subject to the need for assumptions.

e Data on filter pressures recorded by the Ceramiflo system since it’s installation up to
13/1/23.

Details of these data sources are as follows:

a.

1. Manual records by on-site staff included the following:

a. The cumulative kWh electricity consumption recorded at varying frequencies
between 23 May 2022 and 27 July 2022 when the sand filtration was
decommissioned. Measurements were made using a clamp on meter that was
monitoring just the line current through one of the 3 phases supplying the VSD
connected to the active duty pump. A correction therefore had to be applied to
convert to the expected 3 phase cumulative kWh, based on the theoretical
relationship between a single phase and a 3 phase power consumption derived from
a single phase line current reading. Though not recorded systematically, photos of
the sub meter display during the period of sand filtration showed the RMS single
phase voltage to be 240 V (415V 3-phase), which were the values used as the basis
for the theoretical correction. All these anomalies were incorporated into the
theoretical conversion of the data collected to the best estimate of energy
consumption during the period the sand filtration was in place. Subsequent
experimentation comparing power consumption data reported by the VSD with the
single phase reading confirmed the validity of this correction. A continuous run of
data for the period of sand filtration was available from 23 May 2022 to 27 July 2022
when the filters were decommissioned. This was deemed to be the best source of
data because though the absolute recorded values were incorrect, they do reflect
any temporal changes (e.g. night set backs) that occurred. The mean estimated
power consumption on this corrected basis for the period of monitoring the sand
filtration was 8.86 kW.

Filter inlet and outlet pressures at times of recording manual pool water tests.

Flow meter readings at times of recording manual pool water tests.

Water meter readings at times of recording manual pool water tests.

Daily additions of 25 kg bags of salt into the Hyprolyser brine tank.

Daily gas consumption obtained from the Auditel system.

2. Sentry Intelligent Management System (SIMS) automated data collection used in this analysis

a. Pump operating frequency (Hz) every 15 minutes.

b. Power consumption by individual pumps (kW) every 15 minutes.

c. Total power consumption by pump(s) on duty (kW) every 15 minutes.

d. Flow rate every 15 minutes.

3. Ceramiflo database
Filter inlet, outlet and differential pressures recorded at 1 second intervals (over 14 million
readings as these data were recorded every second!).
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ELECTRICITY CONSUMPTION FOR WATER CIRCULATION



The primary aim of the analysis was to evaluate the overall magnitude of savings achieved in
terms of annualised kWh, and the associated annual costs in terms of money (based on the
tariffs prevailing at the time) and tonnes of carbon dioxide equivalent (where the latter varies
with time dependent on the prevailing UK source of electricity generation - but we used the
annual 2022 average value for the g CO, equivalent per kWh).

A secondary, but very important, aim was to assess the contribution to any savings achieved
from the various contributory factors that might be affected by the change in filtration system.
Understanding of this is very helpful in terms of identifying further scope for optimising the
system. In principle, the amount of energy used to circulate water is determined by three quite
distinct factors which multiply together to determine the amount of electrical power being used:

e The rate at which water is being circulated (m®/h)

¢ The amount of hydraulic power needed to circulate water at the current rate, which
depends on the resistance to water flow in the circulation system as well as any height
that water has to be raised (e.g. lifting from a balance tank into the pool)

¢ The pump efficiency, which is the percentage (or fraction) of ELECTRICAL power that the
pump converts into HYDRAULIC power. Pumps are designed to operate over a specified
range of hydraulic head and flow. They tend to operate most efficiently towards the
middle of their designed operating range. Swimming pool circulation pumps are often
operating towards (or even beyond) the upper limit of their design flow rate envelope
(i.e. under low head/high flow conditions) where pump efficiencies can be substantially
less than optimal. The concern is that any system changes that reduce further the
hydraulic head required to circulate water could have a ‘trade off’ in terms of reduced
pump efficiency, or, worse, put the pumps outside of their design envelop to the point
where pump damage might occur.

Table 5 below shows the impact that changing from the original sand filters to the Ceramiflo system
had on the system hydraulics. Data are shown for periods that enable comparison between the sand
filtration, and the Ceramiflo once the Ceramiflo performance had been optimised (i.e. from 1
December 2022). The Ceramiflo system was set to maintain a flow rate during daytime normal
filtration (142 m®/h) that was faster than the 118 m®/h achieved on average with the original sand
filtration (though the overall average flow shown in the table is slightly less due to the pump speed
reductions during backwashing). The notable feature of the Ceramiflo system was the reduction in
the filter inlet pressure that was required to sustain the flow. It is this reduction in the hydraulic
resistance that enabled energy savings to be achieved. The final row shows the recent increase in
flow that has been set since 24/2/2023, but we have not retrieved the corresponding filter pressure
data, though we could estimate what they would have been.



TABLE 5: Comparison of filter pressures and circulation rates

mean
meaninlet ~meanoutlet pressure mean

date range pressure pressure differential flow rate
(m) (m) (m) (m*/h)
t0 27/7/22 original sand 9.89 3.23 6.66 117.7
1/12/22to 13/1/23 Ceramiflo (original flow) 2.08 0.43 1.66 124.4
24/2/23to 20/3/23 Ceramiflo (faster flow) N/A N/A N/A 133.0

The graph below shows the impact of the change in filtration system on the work required to
circulate water. The first part of the time course shows how during each sand filter backwash
cycle there was a very rapid increase in the hydraulic head that the pumps had to generate to
push water around the system, and a corresponding sharp fall in the rate of circulation. The
product of the flow rate and the head generated by the pumps provides a measure of the power
being added to the water, which is presented in units of kW in the graph below. This did not
change much with time as the increasing pressure during the backwash cycle was compensated
for by reduced flow as the power output of the pump was essentially limiting.

By contrast, with the Ceramiflo there was little change with time in the head added by the
pumps or the flow rate (apart from periods where the target flow rate settings were changed
during the commissioning/optimisation process) and the hydraulic power that needed to be
added to the water was very much reduced.
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Table 6 shows the implications for pump energy use. The second column shows the calculation of
the average amount of hydraulic power that was used with each of the filtration systems to push
water around the system, where it is evident that there was a dramatic reduction in the hydraulic
power requirement with the Ceramiflo system in place. However, this was not just because of
reduced hydraulic resistance through the filters themselves. The fifth column shows that the
modifications made to the pipework that were needed to install the membrane filtration

resulted in a significant reduction in the hydraulic resistance post-filter, though this was only a
minor contributor to the overall hydraulic resistance reduction.

Flow rate (m3/h)



The third column in table 6 gives the mean pump electrical power consumption during each
study period. This shows that the original average power consumption of 8.86 kW was reduced
to 3.51 kW (over 60% saving) until the flow rate was slightly increased on 24/2/2023.

The fourth column shows what percentage of the electrical power consumed by the pumps was
converted into useful hydraulic power pushing water around the system. When the hydraulic
head at the pump discharge is reduced, this has the effect of reducing the pump efficiency
because the pump operating point is moved further from its ‘Best Efficiency Point’. However, this
reduction in pump efficiency was not sufficient to offset the benefit (in terms of energy
consumption) of the much larger percentage reduction in hydraulic power requirement. Note
that the pump efficiencies are rather low. The Passive House guidelines would aim to achieve a
pump efficiency of 70-80%.

Throughout this study the pool was operating on just one of the two available circulation pumps
(as one pump was out of action). A further potential improvement to the system optimisation
would be to share the circulation between both pumps operating at reduced speed once this is
possible. The potential benefit is that halving the rate of water flow each pump would be likely to
move the pump operating point closer to the Best Efficiency Point saving not only electricity but
also reducing the wear and tear on the pumps.

The final column in table 6 shows the very useful ‘benchmarking’ metric of how many Watts of
electrical power were required to circulate each 1 m®/h of water flow. The value of this metric is
that it allows comparison with other pools, and with current standards for energy efficiency.
Perhaps the key efficiency target is that set by the Passive House Organisation, which states that
the target power consumption per unit flow should not exceed 40 Watts per m®/h, and
preferably be down to 25 Watts per m*/h. A recent survey carried out by Pool Sentry and
published in the PWTAG Guidance note on Net zero Carbon Pools (March 2022) showed that
very few UK pools indeed met this target, and that a typical UK pool uses around 60 Watts to
circulate each m*/h of flow. With the original sand filtration, the pool at this site had an even
higher power requirement (75.3 Watts per m*/h), but this index of efficiency fell to well within
the Passive House target with the installation of the Ceramiflo system.

TABLE 6: Pump and circulation efficiency

mean post-
mean hydraulic mean meanpump filter Watts
power kW pump kW efficiency resistance per m>/h
kw kw % h/m2
sand filters 3.87 8.86 43.6 0.02744 75.3
Ceramiflo (original flow) 1.34 3.51 38.2 0.00343 28.3
Ceramiflo (faster flow) 1.64 4.25 38.7 32.0

Table 7 shows the consequence for the estimated annual costs in terms of kWh, money and the
number of tonnes of CO, equivalent that were used for water circulation (based on current
electricity tariffs in terms of cost and carbon equivalent).



TABLE 7: Annual consumption and cost of circulating water

Annual kWh Annual cost (£) Annual tonnes CO2
sand filters 77614 21020 15.0
ceramiflo (original flow) 30778 8789 5.9

ceramiflo (faster flow) 37230 10224 7.2



WATER USE

The Ceramiflo has had a considerable impact on reducing water use as shown in the table below. It
should be borne in mind that some of this water use will be to replace water lost by evaporation and

splash out, so it is likely that the amount currently being used for backwashing is less than the
current overall use.

Water meter data were only available up to 13 January 2023, so no data are shown for the more
recent period where the Ceramiflo was operating at a faster flow rate, though this is unlikely to have
had much effect on backwash frequency. Costs were based on the buy in in tariff of £1.80 per m® and
a disposal tariff of £1.09 (data provided by client).

TABLE 8: the impact of ceramic filtration on pool water use

mean daily water use  Annual cost

original sand 5.07 £5,352
Ceramiflo (original flow) 1.03 £1,082
Ceramiflo (faster flow) N/A N/A

This suggests a saving of about 4.04 m® per day in terms of water use, and the associated savings in
heating and treating.



GAS CONSUMPTION

There might be expected to be a reduction in gas use since the Ceramiflo was installed because of
the reduction in the amount of backwash top up water that needs heating. If the pool water is 18°C
above the incoming mains water temperature (which is typical) then each 1 m?® of top up water will
require a heat input of 21 kWh. The client informs that the boiler is 88% efficient in terms of
converting gas energy into water heating. There will then be a further waste of heat from the hot
water pipework/heat exchanger which we assume is a further 5% loss. These inefficiencies raise the
gas energy requirement per m® of water being heated from 21 kWh to 25.1 kWh.

We therefore estimate that the gas savings resulting from the Ceramiflo installation are as in the
table below, suggesting a heat saving of 102 kWh per day.

TABLE 9: The impact of ceramic filtration on the energy cost of heating backwash water

Annual water use (m®)  Annual gas heatingkWh  Annual heating cost

original sand 1852 46486 £6,973
Ceramiflo (original flow) 374 9396 £1,409
Ceramiflo (faster flow) N/A N/A N/A

The only verification data available were the gas metering for the whole building. This, not
surprisingly, showed large variation with time due the weather. There were only a limited number of
days of detailed gas consumption data provided for the period after the Ceramiflo was installed, as

shown on the graph above, though there is a suggestion that the consumption after the installation
of the Ceramiflo was reduced.
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The graph below shows the longer-term data available on monthly gas consumption from January
2021 to January 2023, split between the period of sand filtration and the period of Ceramiflo



filtration. The data in the graph below have been plotted to show how the average daily use of gas
each month varied with the average monthly outside air temperature for the site (taken from the
Met Office database).

monthly gas use v mean outside air temperature
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Obviously, the weather is by far the biggest factor affecting monthly gas use, with each 1°C drop in
mean temperature increasing daily gas consumption by about 155 kWh. However, the slight
displacement of the regression line once the Ceramiflo was installed suggests a gas saving of about
200 kWh per day on average. This is somewhat greater than the expected value based on the heat
energy required to heat the reduced volume of water top up, but this is probably explained by the
inevitable scatter in the data. However, part of the reason is probably that the removal of the very
heat-conduction stell filters has reduced the heat being wasted in the plantroom due to the large
surface area of the filters.



