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High pressure boilers are used throughout industry to 
produce the hot water and steam that are essential for a 
wide range of processes. For many companies, the cost 
of operating boiler systems, especially with the recent 
steep increases in energy costs, can be significant; this 
is particularly true for larger systems generating more 
than 8 tonnes of live steam per hour.

One of the key areas where potential savings can 
be made is in the preparation and conditioning of the 
boiler feedwater.

Boiler feedwater is typically drawn either from a standard 
mains supply, or from a licensed source such as a 
borehole. In each case, the raw water will contain varying 
degrees of organic and inorganic matter, plus dissolved 
gasses, minerals and salts. If these are not removed, 
then as pressurised steam is produced the dissolved 
gasses and solids will become concentrated, corroding 
metal parts and forming deposits or scale on internal 
boiler, condenser and pipework surfaces. In turn, this 
will affect heat transfer and liquid flow, reduce boiler 
efficiency and increase energy consumption, while also 
leading to higher maintenance costs and a greater risk of 
boiler failure.

These problems are proportionately greater in modern 
boilers, with high steam pressures and heat transfer 
rates, in applications with large volumes of live steam. 
They are also exacerbated in parts of the country where 
hard water or raised levels of total dissolved solids 
naturally occur.

The term total dissolved solids (TDS) describes the total 
volume of dissolved substances in water. These can 
include inorganic salts, such as calcium, magnesium, 
potassium and sodium, plus carbonates, nitrates, 
bicarbonates, chlorides and sulphates. 

The concentration of these impurities in pressurised 
steam will cause bubbles in the steam to become 
increasingly stable, so that they fail to burst as they reach 
the surface of the water within the boiler. Depending 
on the pressure, boiler size and steam load, these 
bubbles can rapidly form as foam, which will then be 
carried over into the main steam lines. This carryover 
is both extremely wet and contains high concentrations 
of impurities, which will subsequently contaminate 
downstream pipework, heat exchangers, valves and 
steam traps.

Why is it necessary to purify boiler feedwater?

TDS and blowdown



Feedwater impurities: problems and solutions

Impurity Its impact Treatment solution

Sediment and turbidity Sludge and carryover Filtration

Organic matter
Clogging of downstream equipment, deposits 
that cause foaming and carryover

Filtration
Chemical treatment

Dissolved calcium and magnesium 
salts

Scaling on boiler surfaces, leading to reduced 
heat transfer and possible component failure

Ion exchange 
Reverse osmosis

Carbonates Steam line and condensate line corrosion
Deaeration 
Chemical treatment 
Ion exchange

Sulphates Scaling of boiler surfaces Deionisation

Iron and Manganese Unwanted deposits
Filtration
Aeration
Ion exchange

Silica Scaling of boiler surfaces
Deionisation
Chemical treatment

Dissolved gasses, such as Oxygen 
and Carbon Dioxide

Corrosion of boiler surfaces
Deaeration
Chemical treatment
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The operating criteria for water conditions in high 
pressure steam boilers is governed in the UK by BS2486. 
This sets the maximum level of TDS for fire tube boilers 
as 3,500 mg/l and 3,000 mg/l for water tube boilers. Once 
these limits are close to being reached the standard 
practice is to carry out a blowdown, either manually 
or automatically. 

Although blowdown will also help to control scale, 
corrosion and carryover, as well as the level of TDS, 
it is an inherently wasteful process, as wastewater is 
generally discharged to drain. The frequency and volume 
of water discharged for each blowdown can vary widely, 
but the latter can sometimes be as high as 20% of total 
boiler capacity. It may be possible to mitigate these 
effects using anti-foaming agents or chelating additives, 
these will increase operating costs and can have 
unforeseen side-effects; for example, chelating additives 
can lead to pipe-wall thinning in iron pipework.

Ultimately, blowdown wastes both water and, as the 
water used is at boiler operating temperature, the energy 
required for heating. The waste blowdown water will also 
contain any chemicals added to condition the feedwater, 
which will again be wasted. Clearly, any reduction in 
blowdown will reduce operating costs. ANNUAL SAVING: £51,120
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The cycle of concentration – the ratio between the 
concentration of dissolved solids in the boiler water 
and the concentration of solids in the boiler feedwater 
– is an effective and widely used method of calculating 
operational efficiency and controlling the frequency and 
volume of blowdowns. 

In essence, the cycle of concentration indicates how 
many times the impurities – the total dissolved solids – 
in the boiler water have been concentrated, compared 
with the TDS level in the makeup or feedwater.

The cycle of concentration is normally calculated by 
measuring water conductivity and then dividing the 
conductivity of the boiler water by the conductivity of 
the makeup water. 

Understanding this figure makes it possible to set and 
maintain optimum operating limits, where the boiler 
is neither underutilised, wasting heat and water, nor 
running outside its safe limits, with risk of deposition, 
overheating, undue wear and, ultimately, possible failure. 

The cycle of concentration

In simple terms, hard water can be described as having a high level of dissolved minerals, especially 
calcium and magnesium. The precise level of hardness in a water sample will be determined by the 
concentration of minerals, its pH and temperature.

Hardness is measured by the concentration of minerals, in terms of mg/l: 

• Soft water: 0-60 mg/l
• Moderately hard water: 60-120 mg/l
• Hard water: 121-180 mg/l
• Very hard water: >180 mg/l

When water is heated and pressurised minerals will precipitate and become encrusted on nearby 
surfaces, forming deposits and scale. Even water with relatively low concentrations of minerals – often 
less than 10 mg/l – can cause problems in industrial high-pressure boilers.

Once scale begins to form on the surface of boiler tubes, it will create layers of material through which 
energy must pass to heat the water. This insulation effect can cause corrosion beneath the deposits, 
overheating of the boiler tubes and hot spots, which result in stress cracking and tube failure.

Hard Water



It’s not uncommon to find boilers that, 
with the appropriate water treatment 
and maintenance procedures, have 
been in use for 20 years or more. 
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It’s worth noting that in applications with low levels of live 
steam and high proportions of condensate return, that 
this can be a valuable resource. Treated correctly, it can 
helps to increase the cycles of concentration and reduce 
the number of blowdowns, minimising both energy and 
water costs. 

Condensate typically contains very low levels of dissolved 
solids and often retains residual heat that was not 
transferred to the process. In some applications, this can 
make it ideal for use as all or part of the makeup water; 
not all applications will be suitable as the condensate 
may contain other impurities, or the pipework 
infrastructure may not exist to enable condensate to be 
easily returned. 

Optimise the use of condensate
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As we have seen above, by increasing the cycles of 
concentration in an industrial boiler it is possible to 
produce greater volumes of steam from the same 
amount of feedwater, with the limit on the number 
of cycles of concentration being determined by the 
feedwater quality. In other words, the purer the 
feedwater, the more cycles that can be achieved, and the 
greater volume of steam that can be produced without 
having to add more feed or makeup water. 

Most industrial boilers are fitted with feedwater softening 
units as standard. These are intended to remove the 
mineral salts, especially calcium and magnesium, 
which naturally occur in water and are the principal 
contributors to scaling.

Softeners use a base-exchange process, where 
feedwater is passed through a negatively charged ion-
exchange resin. This attracts positively charged ions of 
calcium and magnesium and releases sodium; the latter 
does not produce scaling or contribute to foaming. There 
is a limit to the absorption capacity of the resin, which 
must be periodically regenerated using a brine solution. 

Although a softener can help to improve feedwater 
quality it also has the effect of increasing the level of total 
dissolved solids, which as we’ve seen above, will lead to 
an increase in the frequency of blowdowns. 

For most industrial boilers with live steam, softening 
alone is insufficient. Instead, what is normally required 
is an integrated feedwater treatment system that 
normally comprises:

• Filtration and ultrafiltration
• Ion exchange (softening)
• Reverse osmosis
• Deaeration/degasification
• Chemical treatment (e.g. coagulation)

Depending on the raw water source, varying degrees of 
filtration may be required to remove suspended matter 
such as particles of sediment or organic material, 
to reduce turbidity and protect downstream water 
treatment devices.

Water treatment
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It may also be necessary to eliminate chlorine before 
the feedwater is passed through a reverse osmosis (RO) 
system. This functions by passing pressurised feedwater 
through semi-permeable membranes, which separate 
contaminants including bacteria and the dissolved ions 
and solids that contribute to boiler scaling and foaming; 
typically, up to 99% of these contaminants can be 
removed by an RO system.

It’s worth noting that RO systems tend to be preferred 
for use with high-pressure boilers, where the 
concentration of suspended and dissolved solids needs 
to be extremely low; they may not be required for other 
types of industrial boilers.

Similarly, in some circumstances it may be necessary 
to consider methods, such as a deaerator or a chemical 
oxygen scavenger, to reduce the concentration of 
dissolved acidic gasses, which might otherwise cause 
corrosion of metal surfaces. An RO system will help 
to maintain an alkaline pH, but it is often necessary to 
introduce chemicals to reduce acidity levels.

Once the feedwater has passed through the RO system it 
may then undergo final polishing using an ion-exchange 
unit to reduce conductivity and remove any remaining 
silica, sodium or total organic carbon (TOC).

Industrial boilers are designed to have long and 
trouble-free operating lives. It’s not uncommon to find 
boilers that, with the appropriate water treatment and 
maintenance procedures, have been in use for 20 years 
or more. 

For modern high-pressure boilers, especially those 
that produce over 8 tonnes of live steam per hour, 
feedwater treatment is an essential requirement. As 
most installations have unique characteristics, the 
design, manufacture, commissioning and maintenance of 
water treatment systems requires specialised knowledge 

and experience. They also require an initial investment, 
made through either a capital budget as a one-off 
purchase, or through operating expenditure, on a lease 
purchase arrangement.

Whichever finance option is chosen, the key is to ensure 
as fast a payback as possible. Clearly, this will depend 
on the size of the boiler, volume of live steam required 
and the criticality of the process for which the steam is 
required. However, with fast-rising fuel and water prices, 
plus the growing recognition of the need to reduce each 
company’s carbon footprint, it’s becoming ever more 
important to find ways of reducing energy costs.

Based on current utility costs, for a large industrial 
boiler, it’s not uncommon to expect to see a relatively 
quick return on the investment in water treatment 
systems, for new and existing installations. ROI can 
typically be from 6 to 24 months.

Return on investment

Learn more about our water treatment 
solutions for industrial boilers. Contact 
one of our water specialists today.



Errors and Omissions excluded. SUEZ reserves the right to change the specification in accordance with our program of continual improvement.

Contact

The application of these marks only confirm 
that the QMS have been approved by LR, 
they are not an endorsement, by LR, of any 
products or services offered by SUEZ WPS

Water Purification Systems
Email: mail.waterpurificationsystems.uk@suez.com

Web: www.suezwatertechnologies.com/products/water-purification
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Assumptions:
• Live steam application
• Minimal condensate return
• Steaming rate: 8,000 kg (8 tonne)/hr
• Softened feedwater: 350 TDS
• Feedwater 500µS/cm: 350 TDS
• Boiler maximum 7,000µS/cm: 5,000 TDS
• Boiler maximum minus feedwater TDS: 4,650

Calculation:
1. Concentration factor: 13.28 (4,650 ÷ 350)
2. % blowdown: 7.52% (350 ÷ 4,650 x 100)
3. Volume of blowdown: 602 kg/hr (8,000 x 350 ÷ 4,650)
4. Annual cost of blowdown (4,508 tonne/annum @ £12/tonne): £54,000 p.a.

By adding a softener and RO systems to the feedwater (TDS <20):
1. Boiler maximum minus feedwater TDS: 4,980
2. Concentration factor: 249 (4,980 ÷ 20)
3. % blowdown: 0.4% (20 ÷ 4,980 x 100)
4. Volume of blowdown: 32 kg/hr (8,000 x 20 ÷ 4,980)
5. Annual cost of blowdown (240 tonne/annum @ £12/tonne): £2,880 p.a.Ex
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ANNUAL SAVING: £51,120


