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Abstract  
The economic feasibility of online water quality monitoring has been investigated to 
identify if there is scope for installation on future district heating schemes within the 
UK.  
 
A lifecycle analysis of two online monitoring options has been conducted across 
small (80 flats), medium (235 flats) and large (484 flats) district heating schemes and 
found to be economically viable on large sized schemes. The selection of key water 
monitoring parameters has also been assessed to minimise cost of install and 
maintenance requires across system lifetime, without compromising water quality 
visibility. 
 
Savings of up to 10% over 20 years have been shown achievable in large schemes if 
the correct online monitoring equipment is utilised to identify issues before 
substantial corrosion occurs on the system. Both monitoring systems analysed as 
part of this study still require some level of sampling (primarily for bacterial growth) 
however, data collection via online monitoring has considerable qualitative benefits 
over current sampling regimes. 
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1.0 Introduction  
Water quality management within new and existing UK district heating schemes is a 
costly process which is often not carried out to the guidance standards set out in 
BSRIA BG 29 Pre-commission Cleaning of Pipework Systems, BS 8552:2012 
Sampling and Monitoring of Water from Building Services Closed Systems and 
BSRIA BG 50 Water treatment for Closed Heating and Cooling Systems.  
 
It has been found that 15 % of heat networks within the UK require un-budgeted 
remedial works within the first two years and the majority of these are likely due to 
the lack of understanding of the importance of maintaining water quality [1]. If 
suitable procedures are introduced via the addition of technology and/or taking 
recommendations from industry guidance, it can only serve to improve the cost and 
operating efficiencies of heat networks and play a large part in decarbonising heat in 
the UK. 
 
A potential improvement, which has been investigated as part of this report, is the 
installation of online water quality monitoring equipment to continuously monitor key 
chemical parameters within system to ensure corrosion (or conditions indicative of 
corrosion) are identified and minimised. 
 
The study investigates the key parameters that are most influential in determining 
water quality and the ability for the system water to deteriorate system components. 
These have been categorised as a lead or lag indicator across oxygenated and de-
oxygenated systems to enable targeted selection of parameters for online water 
quality monitoring.  
 
The financial assessment of two separate online monitoring arrangements have been 
conducted across 3 different sized developments over a 20-year period.  
Each online monitoring regime has subsequently been compared against the 
recommended sampling approach stated in BSRIA BG 29 Pre-commission Cleaning 
of Pipework Systems, and BSRIA BG 50 Water treatment for Closed Heating and 
Cooling Systems. 
 
Recommendations have been provided for each system size based on the findings of 
the financial assessment. 
 
Project scope  
A life cycle analysis model has been produced to investigate whether online water 
quality monitoring is a worthwhile investment across a variety of schemes. Further 
investigation has been conducted into which online monitoring technology is 
preferable for each system based on a number of key factors, such as 
build/commissioning phase duration, the number of risers and number of dwellings 
present in the district heat network. 
 
Qualitative drivers for online monitoring 
Potential benefits and drivers for continuous online monitoring are: 
 

• Removal of sampling ambiguity at the pre-commissioning phase  
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• Instantaneous identification of changes to water quality via alarms  
• Improved visibility on system water chemistry throughout project lifetime 
• Increased accountability and improvement of contractual lines through cross 

referencing maintenance records with changes in water chemistry. 

 
However, the qualitative benefits highlighted above can only be realised if the 
installation and operation of online monitoring equipment shows cost improvements 
when compared to conventional sampling and monitoring methods. 
 
2.0 Water quality parameters 
Monitoring and controlling the parameters that induce corrosion would help reduce 
the impact corrosion has on all pipework and equipment within the district heat 
network. 
 
It is well documented that three key parameters can identify if conditions are 
favourable for corrosion to occur; pH, electrical conductivity and oxygen content [7].  
 
Conducting detailed trend analysis to indicate when water chemistry is moving 
towards corrosive conditions before any significant corrosion can occur would further 
improve the ability to prevent corrosion occurring within systems.  
 
3.0 Alternative key parameters 
A further two parameters have been identified and both are linked to system design 
issues, impact water quality and can induce corrosion even with an adequate 
maintenance programme.  

3.1 Pressure control  
90 % of all corrosion cases are caused by poor pressure control which allow oxygen 
ingress into the system and proliferate corrosion [3].  
Temperature fluctuations commonly observed in district heat networks vary network 
pressure during periods of high and low demand. If distribution pumps and expansion 
provision are incorrectly sized, poorly commissioned or installed in the wrong 
locations, it can generate areas of low pressure. Consequently, where pressures are 
low enough, air can be sucked into the system through air vents as the network cools 
and reduces pressure.  
 
Although this risk should be addressed and mitigated at the design stage, protection 
against poor pressure control during operation would add significant benefit to 
maintaining water quality and preventing corrosive conditions occurring within the 
system. 

3.2 Untreated fill water 
High volumes of untreated fill water entering the system (from pressurisation units, 
for example) can introduce several detrimental changes to system water chemistry:  
 

• Depletes inhibitor concentration  
• Introduces hardness – increases risk of scale  
• Introduces sulphates and chlorides  
• Introduces dissolved oxygen  
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• Lowers system pH 
 
Due to lack of data, the average rate of system volume loss is unknown for UK heat 
networks, however, it is typically accepted that a water loss of around 5-10% system 
volume per annum would be of concern. 
 
Introducing high volumes of fill water into the system can also indicate if leaks are 
occurring on the system, thus providing insight as to whether the system is 
watertight. In order to maintain control over water quality, the amount of fill water 
entering a system should be measured and routinely checked, regardless of the 
methodology used to maintain water quality. 
 
4.0 Lead and lag indicators  
The parameters discussed in the above sections have been categorised into lead 
and lag indicators to enable evaluation of the key online monitoring parameters. The 
purpose of this is to identify which parameters indicate corrosion is likely to occur 
(lead) and which parameters indicate corrosion has already happened (lag). 
For example, given that total and dissolved iron is a consequence of corrosion and 
poor water quality, it can be deemed as a lag indicator.  
 
The ideal scenario from a remote monitoring perspective is to change system 
maintenance from a “reactive” to a “proactive” philosophy. Identifying the cause of 
corrosion would be much more beneficial than identifying corrosion after it has 
already occurred. Therefore, in this study it would be considered less favourable to 
monitor a lag indicator.  
 
For clarity, a lead indictor would instantaneously identify when a change in the water 
chemistry could result in corrosion occurring before it has occurred.  
The study has considered oxygenated systems (dosed with inhibitor and minimal 
oxygen content control), and de-oxygenated systems. 
The parameters for each system have been scored subjectively based on relative 
cost and importance, on a scale of 0 – 5. 

4.1 Oxygenated systems  
As shown in Figure 1, there are eleven parameters which have been deemed of 
relatively high importance (with a score of greater than or equal to 3) and this is due 
to the complexity of the water chemistry within dosed systems. However, the graph 
provides further confirmation that pressure control monitoring and fill water 
monitoring are lead indicators (denoted by large data markers) and can be 
implemented at relatively low cost.  
Conductivity, pH and dissolved oxygen (all lead indicators) have also been given high 
ratings however, dissolved oxygen monitoring comes at a much higher cost than the 
others. 
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Figure 1: Relative importance and cost of lead (large markers) and lag indicators 
(small markers) for oxygenated systems 

4.2 De-oxygenated systems 
De-oxygenated systems provide a more clear-cut set of monitoring parameters due 
to the lack of complexity within the water chemistry. De-oxygenating a district heating 
system would shift the relevant guidance documents from BSRIA BG 29 and BSRIA 
BG 50 to the German Water Standard VDI 2035.  
 
The fundamental difference between Figure 1 and Figure 2 is caused by the lack of 
requirement for inhibitor dosing within de-oxygenated systems and a reduced 
requirement to monitor bacteria because minimal-to-no oxygen is present for aerobic 
metabolism to take place.  
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  Figure 2: Relative importance and cost of lead (large markers) and lag indicators (small 
markers) for de-oxygenated systems  
5.0 Monitoring options  
 
The following combinations of monitoring options have been selected for life cycle 
analysis based on the key parameters highlighted above and their relative 
importance.  
 
Option 1 monitors all the parameters with a relative importance deemed greater than 
a value of 3, shown in table 1 within one single monitoring unit. 
 
Option 2 has been selected to provide analysis on a hybrid monitoring regime with 
standalone monitoring probes for all key monitoring parameters with a relative 
importance greater than 4. 
 

Option Monitoring type 

BSRIA sampling 

Commissioning phase: BSRIA BG 29 fortnightly sampling between 
flush completion and practical completions 
 
Post-handover operation: Quarterly sampling with results sent for 
laboratory analysis. Remedial maintenance conducted based on 
sample results. 

Option 1 
Dissolved oxygen, Conductivity, inhibitor concentration, pH, 

pressure fluctuations, corrosion rate, water metering   

Option 2 pH, conductivity, dissolved oxygen, pressure fluctuations, with water 
meter installed  

Table 1: Options selected for analysis 
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6.0 Results and discussion 
 
The cost benefits of two separate water monitoring arrangements (Option 1 and 
Option 2) have been compared against the standard sampling guidance procedure 
recommended in BSRIA BG 29 and BSRIA BG 50. 
 
Three existing heat network systems have been utilised for the purposes of this 
model, as shown in Table 2. The three systems analysed have no plate heat 
exchangers installed and are therefore considered as one hydraulic system. 
 

System size No. of dwellings System volume (l) Piped network length (m) No. of risers 
Small 80 7,000 1,250 2 

Medium 235 11,500 2,590 13 
Large 484 18,000 5,840 3 

Table 2: System sizes used for this model 

6.1 Financial evaluation during commissioning period 
6.1.1 Capital Expenditure  
The capital expenditure (CAPEX) of both options is shown in Figure 3 below.  
 
The slight variation in capital expenditure across option 2 is due to variations within 
equipment specification for each system.  

 
Figure 3: Capital expenditure across both monitoring options  
The capital investment required to install any form of online will incur capital 
investment. The type of monitoring equipment and number of monitored parameters 
impact how much investment is required.  
 
By selecting lead indicators of high relative importance, the capital investment can be 
reduced to maximise economic feasibility whilst also providing frequent data to 
highlight when system water may be moving to a corrosive state.  
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6.1.2 Reduced sampling regime offsets increased capital investment 
Capital investment is offset by a reduction in sampling requirements throughout the 
commissioning phase and up to handover. For a third-party sample to be taken and 
analysed to the standards recommended in BSRIA BG 29, the cost per chemical and 
biological analysis was found to be c.£175.00 and £60.00, respectively. Therefore, 
any sampling requirements that can be offset by online monitoring equipment, 
reduces overall costs associated with build phase water quality maintenance and 
contributes to offsetting the initial capital investment of each monitoring arrangement. 
 
As it was identified that remote monitoring of biological activity was complex and 
expensive, routine biological sampling would be required throughout, and chemical 
samples would only be required if the monitoring technology highlighted parameter 
trends that would not be improved through continued remedial works. Cost of 
chemical dosing after completion of flushing has been deemed negligible as part of 
this study, due to the low top-up dosage rates. However, the time associated with 
routine dosing has been considered. 
 
Figure 3 shows an estimate for each maintenance regime including capital 
investment and commissioning phase maintenance requirements. It should be noted 
that Figure 3 assumes a 52-week commissioning phase, taken as a standard from 
previous builds in which FairHeat have been involved in.  

 
Figure 4: Total estimated expenditure between flushing and system practical 
completion (assumed 52 weeks) with CAPEX of monitoring equipment included 
Both options have reduced cost when compared to a full BSRIA sampling regime 
over a 52 week period. 
 
It can therefore be concluded that there is good financial benefit for both online 
monitoring options over a 52-week period and it could be considered financially 
beneficial to install temporary monitoring during the commissioning phase. 
 

-£70,000.00

-£60,000.00

-£50,000.00

-£40,000.00

-£30,000.00

-£20,000.00

-£10,000.00

£0.00
BSRIA fortnightly sampling Option 1 Option 2

To
ta

l e
st

ia
m

te
d 

ex
pe

nd
itu

re
 a

cr
os

s a
 5

3 
w

ee
k 

co
m

m
is

si
on

in
g p

er
io

d 
(£

) 

Small scheme medium scheme Large scheme



CIBSE Technical Symposium, UK April 2022  

 
Page 1 of 19  

However, the costs shown in Figure 3 are greatly impacted by the duration between 
completion of flushing (where a sampling regime is required) and practical 
completion. 
 
Permanent installation over a 20-year period would also be impacted by maintenance 
requirements for the monitoring system. System maintenance after practical 
completion would impact during operation has a large impact on financial feasibility, 
as discussed further in section 6.3.1. 
 
6.1.3 Impact of commissioning duration  
Due to the increased number of samples required in the commissioning period, the 
commissioning phase is the area for the largest cost risk to developers. 
 
For the purpose of this study, the commissioning period has been defined as the time 
between hydraulic system flush completion and hydraulic system practical 
completion. 
 
Monitoring costs for the small and large schemes between flushing completion and 
practical completion, for different commissioning phase durations have been shown 
in Figure 4 and Figure 5, respectively. As both systems have a similar number of 
risers, the results can be easily compared.  
 
Both follow a similar trend, as the reduced sampling requirements for each option 
reduce the gradient of their respective plot when compared to fortnightly laboratory 
sampling. However, for the larger system, the number of samples offset by the online 
monitoring systems, provides faster cost recovery. 
The number of samples required to sample small and large systems, in line with 
BSRIA BG 29 2021 requirements are shown in Table 2 below. On smaller systems, 
less samples are required and therefore, there are less samples that can be offset 
through installation of online monitoring equipment 
 

System size Number of terminal units Required sample points 
Small  80 4 
Large 484 6 

Table 3: Number of samples required per system 
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Figure 5: Cost of each monitoring regime throughout commissioning of the 
small scheme as a function of commissioning duration 

 
Figure 6: Cost of each monitoring regime throughout commissioning of the large 
scheme as a function of commissioning duration 
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The results show that for small systems, Option 1 would be a greater cost to the 
build, if the duration between flushing completion and practical completion was less 
than 54 weeks. This is due to the large capital investment required to procure this 
system and a reduced number of samples that can be offset. 
 
On large systems, where a larger number of samples are required, the sampling 
reduction induced by online monitoring systems allow for much better CAPEX 
recovery opportunity during the commissioning phase for both monitoring systems. 
 
From an install and commissioning perspective, installation of online monitoring 
would be economically viable in cases where larger system sizes and longer 
commissioning phase durations are present, as the cost variation from sampling is 
improved. The overall NPV observed in year 0 and 20, are significantly impacted by 
the increase in commissioning duration.  
 
6.1.4 Impact of a pressurisation unit fill water meter installation 
Due to the relatively low costs involved with installing (c.£1,200) and maintaining a 
water meter on the quick fill loop of the pressurisation unit within a district heat 
network, and the minimal impact on the overall costs on any monitoring regime, it 
would be beneficial to standardise this installation across all UK district heat 
networks.  
 
With the possibility of monitoring fill water volume through M-Bus data extraction or 
via the BMS, continuous monitoring of fill water would identify if leaks were occurring 
on the system and infer when additional ions are entering the system (carbonates, 
chlorides and sulphates).  
 

6.2 Financial evaluation during operation (20-year lifetime) 
6.2.1 Monitoring system maintenance 
Operational costs have been broken down into two fundamental categories for ease 
of analysis: monitoring unit maintenance and system costs (includes time costs for 
system dosing, data analysis and sampling).  
 
Each monitoring system has a unique maintenance regime which, if installed, will 
require continued expenditure to ensure visibility into the water chemistry is 
maintained. The cost varies with complexity of the monitoring equipment and the 
number of parameters it is measuring or controlling. 
 
The cost of unit maintenance and operational costs have been shown for each 
monitoring option at each system size. 
 

Monitoring 
regime 

Small Medium Large 
Unit 

maintenance 
System 

maintenance 
Unit 

maintenance 
System 

maintenance 
Unit 

maintenance 
System 

maintenance 
BSRIA 
sampling - -£4,307 - -£4,556 - -£4,806 

Option 1  -£4,506 -£2,506 -£4,506 -£2,621 -£4,506 -£2,634 

Option 2 -£2,846 -£2,881 -£2,945 -£3,327 -£2,990 -£3,444 
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Table 4: Annual monitoring unit and system maintenance costs for each option 
at each system size 
The additional maintenance costs for both monitoring options will elevate the annual 
costs above the quarterly sampling in line with BSRIA BG 50. 
 
Unit maintenance costs largely arise from routine maintenance of monitoring 
equipment, equipment replacement costs. Therefore, increasing the number of 
monitoring parameters to include less critical parameters would elevate annual costs 
without reasonable benefit.  
 
As the total cost (unit + system cost) is c. £2000 per annum greater than BSRIA BG 
50 sampling, this cost must be recovered by the online monitoring equipment through 
a reduction in risk of system failure.  
 
The cost associated with reduced system failure risk has been discussed further in 
the following sections.  
 
6.2.2 Reduced risk of pipework retrofit requirement  
Retrofitting of system pipework within a heating system is the most disruptive and 
most costly aspect of system failure and replacement. As a valuable asset within a 
heating system, online monitoring equipment could provide improved retrofit risk 
reduction which contribute to significant financial improvements over a 20 year 
system lifetime.  
 
It has been assumed the BSRIA laboratory sampling combined with suitable 
maintenance regimes protects 90 % of the system pipework. It has also been 
assumed that, due to lack of data, that the entire system will be replaced in small 
increments each year if no sampling or maintenance is carried out over the 20 year 
period. Therefore, the 90 % protection percentage estimates that only 10 % of 
system pipework will need replacing within the 20 years if sampling and maintenance 
are conducted in line with BSRIA guidance. 
 
For each monitoring system, a variation around the 90 % protection has been 
conservatively estimated. The savings associated with the reduced retrofit 
requirement are shown below. 
 

Monitoring regime 
Estimated 
protection 

(%) 

Cost saving (£/year) 

Small system Medium system Large system 

BSRIA sampling 90 £4,964 £10,285 £23,191 
Option 1  91 £5,019 £10,399 £23,449 
Option 2 91 £5,019 £10,399 £23,449 

Table 5: Cost savings from a reduced pipework retrofit requirement.  
Quantifying the improvement in protection percentage requires further investigation. 
This is primarily due to very little available data for systems with poor/no water 
maintenance procedure over the 20-year project lifetime. 
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6.2.3 Routine HIU servicing return visits  
A further saving has been modelled from the reduced number of return visits required 
during routine HIU servicing. The data taken from servicing records conducted by 
works overseen by FairHeat, revealed that 10 % of properties required a premature 
return visit, with 12 % (1 out of every 8) of these return visits estimated as having 
been caused by poor water quality.  
 
Return visits during HIU servicing incur time costs for both the client and the 
servicing company, both of which have an associated cost, as shown in Table 5  
Figure 6. 
 

Scheme 
Contractor revisit cost per servicing 

round  

Client revisit cost per servicing 

round 

Small £161.28 £4,536 

Medium £473.76 £33,977 

Large £975.75 £138,311 

Table 6: Contractor and client revisit cost per servicing round 

 
Figure 7: Time cost associated with revisiting flats during servicing 
By improving water quality via suitable monitoring and prevention methods and 
reducing the number of return visits caused by water quality issues, considerable 
savings have been found and are shown in Table 7.  
 
Return visits significantly impact the time and cost estimations of contractor and 
client. However, a 1 % improvement of in protection via increased visibility and a 
proactive maintenance regime can significantly impact the HIU servicing costs of 
larger systems.  
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Scheme 
Client return visit cost 

reduction (£/per flat/service 
round) 

Contractors return visit cost 
reduction (£/per/flat/service 

round) 
Small  56.70 20.02 

Medium 144.59 18.90 
Large 285.77 17.87 

Table 7: Savings per servicing round by reducing the number of return visits. 
It should be noted that the costs associated with return visits have assumed that 
access is required to flats to resolve any issues. Return visit costs could be reduced 
if HIUs were accessible from corridors, without the requirement to gain resident 
permission to access the HIU. 
 
6.2.4 Boiler replacement and remedial flushing  
By monitoring and maintaining adequate water quality, savings associated with 
remedial flushing and boiler replacements can be accrued. The savings have been 
applied to both options considered, including each sampling methodology but have 
been implemented as a one-off saving after the two-year period [1]. 
 
research has been conducted to ascertain the number of heat networks within the UK 
that have water quality issues in the first two years of operation. Further investigation 
is required to map the water quality issues through longer periods of time and the 
effect of different standards of maintenance has on various systems [1]. 
 
However, remedial flushing and boiler replacements savings have been modelled 
and this was found to be the greatest saving. Due to the two-year limitation, the 
model assumes a probability of 2 % that the boiler will be replaced in the first two 
years. This cost is saved in year 2 of each scheme’s operating lifetime. The same 
logic applies to the remedial flushing where 6 % of systems have been taken to 
require these works within the first two years [1]. Due to the variation in remedial 
flushing costs, values have been extrapolated from costs obtained from remedial 
flushing activities in which FairHeat have been involved with.  
 
A boiler replacement cost has been taken from a market leader boiler manufacturer 
price list and boiler replacement costs have been taken and extrapolated from 
previous quotes for boiler replacement works involving FairHeat. The remedial 
flushing and boiler savings are shown below.  
 

Scheme  Boiler replacement saving (£) Remedial flushing savings (£) 
Small  2,120 730 

Medium 3,180 1,340 
Large 4,240 2,320 

Table 8: Boiler retrofit savings 

6.3 Results overview 
From the analysis discussed above, the results suggest that online water quality 
monitoring is economically viable medium and large systems.  
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Monitoring regime 
Small scheme Medium scheme Large scheme 

CAPEX NPV yr 20 CAPEX NPV yr 20 CAPEX NPV yr 20 
BSRIA sampling - £8,662 - £26,879 - £223,755  
Option 1  -£48,678 -£81,381 -£62,147 -£2,129 -£55,751 £223,958 
Option 2 -£35,669 -£55,947 -£43,062 £20,663 -£42,210 £247,640 

Table 9: NPV values calculated for each option across the three system sizes 
Due to the variability in expected commissioning duration, it is difficult to compare 
small system cost benefits to medium and large systems. The values shown in Table 
3 assume a 52 week commissioning phase duration which is likely to be an 
overestimate for a system with 80 end units.  
 
6.3.1 Impact of commissioning duration on NPV 
When reviewing the impact of variable commissioning durations on overall project 
NPV, extended commissioning durations still have a significant effect on the cost 
variation from a full BSRIA sampling regime.  
The impact of an extended commissioning period is shown in Table 4 on a medium 
system, where the cost variation from BSRIA sampling reduces with extended 
commissioning phase duration. 
Therefore, if project delays do occur in the commissioning phase, the rate of 
additional expenditure with online monitoring installed, is reduced due to reduced 
sampling requirements of online water monitoring and improves the economic 
feasibility of online water monitoring. 
 
The impact of commissioning duration greatly outweighs the effect of any risk 
reductions costs realised during operation. It can be concluded that installation of 
online monitoring reduces cost risk to the developer if projects build phases are 
delayed.  
 

System  

26-week commissioning phase 52-week commissioning phase 

Year 0 NPV yr 20 
Cost variation 
from 
counterfactual 

Year 0 NPV yr 20 
Cost variation 
from 
counterfactual 

Counterfactual -£28,023 £62,001 - -£53,145 £26,879 - 
Option 1 -£49,083 £10,935 -£51,006 -£62,147 -£2,129 -£29,008 
Option 2 -£27,153 £36,573 -£25,428 -£43,062 £20,663 -£6,216 

Table 10: Impact of commissioning duration on overall NPV values on a 
medium system 
From this study, the following conclusions have been made: 
 

• Online water monitoring is economically viable on large system sizes 
• Online monitoring provides the most benefit when commissioning phases are 

expected to be prolonged 
• Consideration could be given to temporary use of online monitoring equipment 

during the commissioning phase for all systems, if the time between flushing 
and handover is > 52 weeks  

• The commissioning phase duration significantly impacts economic viability of 
online monitoring 
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7.0 Conclusion and recommendation 
Online water quality monitoring has been proven to have economic viability on 
medium to large systems and will only help to improve data collection for more 
detailed analysis of water quality. When compared to current sampling maintenance 
methods, they provide varied cost benefit however, the qualitative benefits of online 
water monitoring, as detailed below, are where they may become more favourable to 
developers 
 

• Removal of sampling ambiguity at the pre-commissioning phase  
• Instantaneous identification of changes to water quality via alarms  
• Improved visibility on system water chemistry throughout project lifetime 
• Increased accountability and improvement of contractual lines through cross 

referencing maintenance records with changes in water chemistry. 

By removing human error where possible, developers and housing associations can 
be assured that water quality is constantly being monitored whilst adding increased 
accountability to maintenance contractors.  
 
The study has outlined the key parameters required to ensure water quality is upheld 
and proven the monitoring of them to be economically viable over a 20-year period. 
The selection of the monitoring parameters is paramount to ensuring water quality is 
upheld. 
 

7.1 Small schemes 
Due to the reduced length of pipework and the relatively low number of dwellings, the 
servicing and maintenance savings observed during normal operation do not offset 
the high capital investment required for online monitoring installation.  
As such, for heat networks and hydraulic systems of c. 80 dwellings, it can be 
concluded that online monitoring would not be financially viable and would not be 
recommended. 

7.2 Medium schemes 
Similarly to small schemes, online monitoring on a medium sized scheme did not 
show positive NPV when compared to BSRIA sampling. However, the cost disparity 
between the BSRIA sampling and both options is relatively small.  
 
Therefore, as the consequences of system failure would cause disruption and come 
at financial loss, it still may be prudent to consider the installation of online water 
monitoring equipment on medium systems if the developer sees this as a viable risk 
mitigation measure.  
 
Consideration should be given to installing online monitoring equipment on medium 
systems, but it is recommended that this is conducted on a site by site basis.  

7.3 Large schemes 
The large scheme shows positive 20-year NPVs and the area where the greatest 
benefits can be realised. Given that both options also provide potential for qualitative 
improvements, it is recommended that remote monitoring is installed to improve 
water quality maintenance on heat networks with 500 units or more. 
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Monitoring the key water quality parameters within option 1 is effectively cost neutral 
with full BSRIA BG 29 sampling and then quarterly sampling, in line with BSRIA BG 
50 guidance. However, the improved qualitative benefits on installing online water 
monitoring would make this option attractive to developers and housing associations.  
 
Option 2 shows a favourable NPV over the BSRIA sampling and therefore would be 
recommended from both a financial and qualitative standpoint. 
 
As the trend across the small, medium and large systems suggest that online 
monitoring of water quality parameters becomes more favourable with system size, It 
is recommended that online water monitoring is installed on hydraulic systems of > 
500 flats. 
  



CIBSE Technical Symposium, UK April 2022  

 
Page 1 of 19  

 
References 
 

[1]  J. Greaves, “Water Quality Assessment in UK District Heating 
Systems,” CIBSE, Sheffiled, 2019. 

[2]  K. Clarke, “Continuous corrosion monitoring enhance operational 
decisions,” Hydrocarbon processing , UK, 2014. 

[3]  P. G, Interviewee, CIBSE Approved CPD on corrosion monitoring. 
[Interview]. 3 April 2020. 

[4]  WebCorr , “Different Types of Corrosion,” WebCorr corrosion consulting 
services , [Online]. Available: 
https://www.corrosionclinic.com/types_of_corrosion/crevice_corrosion.h
tm. [Accessed 18 April 2020]. 

[5]  H. A. Videla and L. K. Herrara, “Microbiologically influenced 
corrosion:looking to the future,” Interantional microbiology , Buenos 
Aires, 2005. 

[6]  T. S, “Metal corrosion and its prevention,” Sanjivani College of 
Engineering, Kopargaon, 1 August 2017. [Online]. Available: 
https://www.slideshare.net/SandipThorat6/metal-corrosion-and-its-
prevention. [Accessed 11 September 2019]. 

[7]  R. Thorasarinsdottir, L. V. Nielson, S. Richter and T. Hemmingsen, 
“Monitoring Corrosion in district heating systems,” The Icelandic 
Research institute, 2004. 

[8]  D. Jones, “Corrosion of Central heating,” ScienceDirect, 2001. 

[9]  V. 2035, “Prevention of damage in water heating installations,” Germany, 
2009. 

[10]  Hydro-X, “New Danish Standards for Water Treatment,” Sheffield, 2000. 

[11]  D. D. H. Association, “Water Treatment and Corrosion Prevention,” 
EuroWater, 2015. 

[12]  B. Olesson, “District heating networks: Biofouling and microbiological 
influenced corrosion,” Researchgate, 2005. 

[13]  J. Greaves, “Water Quality Assessment in UK District Heating Systems,” 
CIBSE, Sheffield, 2019. 



CIBSE Technical Symposium, UK April 2022  

 
Page 1 of 19  

[14]  Firoz, “How do sacraficial anodes work?,” Katradis, 2015. [Online]. 
Available: https://www.katradis.com/anodes/how-do-sacrificial-anodes-
work. [Accessed 13 April 2020]. 

[15]  C. Thompson, “Smarter System role in predicting failure,” Delta T, 2018. 

[16]  H. Treasury, “The Green Book Central Government Guidance on 
Appraisal and Evaluation,” HM Treasury, London, 2018. 

 
 

 


	Cost optimisation of Online Water Quality Monitoring
	Abstract
	1.0 Introduction
	2.0 Water quality parameters
	3.0 Alternative key parameters
	3.1 Pressure control
	3.2 Untreated fill water

	4.0 Lead and lag indicators
	4.1 Oxygenated systems
	4.2 De-oxygenated systems

	5.0 Monitoring options
	6.0 Results and discussion
	6.1 Financial evaluation during commissioning period
	6.1.1 Capital Expenditure
	6.1.2 Reduced sampling regime offsets increased capital investment
	6.1.3 Impact of commissioning duration
	6.1.4 Impact of a pressurisation unit fill water meter installation

	6.2 Financial evaluation during operation (20-year lifetime)
	6.2.1 Monitoring system maintenance
	6.2.2 Reduced risk of pipework retrofit requirement
	6.2.3 Routine HIU servicing return visits
	6.2.4 Boiler replacement and remedial flushing

	6.3 Results overview
	6.3.1 Impact of commissioning duration on NPV


	7.0 Conclusion and recommendation
	7.1
	Small schemes
	7.2 Medium schemes
	7.3 Large schemes

	References

