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Bioenergy economiser design

Green’s managing director Matthew Crewe outlines the criteria that need to be 
considered for the specification and installation of boiler economisers in biomass plants

Efficiently recover heat, 
capture gases and 
maximise energy usage
Whether existing 

plants are 
converting from 
fossil fuel to 
biomass, or new 

biofuel — specific plants are 
being constructed, boilers are 
required to produce steam that 
powers other applications.

The vast majority of these 
will have economisers installed 
alongside, and it’s a technology 
that was invented by Green’s 
founder Edward Green in the 
early 19th century. While 
it has evolved significantly 
over the years, it continues 
in essence to help power 
plants capture exhaust gases, 
increase plant efficiency and 
reduce fuel consumption.

The design and fabrication 
of economisers in bioenergy 
plants requires consideration of 
specific criteria to ensure the 
required performance. These 
include defining the number 
and type of economiser tubes 

and fins necessary to achieve 
the surface area required for 
the desired heat transfer, the 
lower calorific burn value of 
biomass compared to fossil 
fuels and the deposits that 
will be formed within the 
economisers depending on the 
type of biofuel being burnt.

How do economisers work?

An economiser unit is typically 
installed on the exhaust system 
from a steam and hot water 
boiler to reduce the flue gas 
temperature and increase the 
thermal efficiency. Green’s 
has been designing and 
manufacturing economisers 
in the UK for nearly 200 
years. Its proprietary H-fin 
tube design lends itself 
perfectly to new renewable 
fuel systems, which have 
a high ash content and can 
cause erosion to tube surfaces 
and blocking issues while 

minimising space requirements 
and initial expenditure as 
well as operating costs.

An economiser recovers 
heat from hot flue gases which 
would otherwise be released 
into the atmosphere. Capturing 
the heat from flue gas by 
reducing its temperature, 
say from 500 to 150°C for 
example, allows biomass plants 
to maximise energy usage and 
increase production efficiency 
for power generation systems.

The amount of energy that 
can be captured depends 
on a range of factors that 
need to be taken into 
account to determine the 
appropriate configuration 
for the economisers and 
materials to be used as 
well as the likely return on 
investment. They include:
• Available waste energy in the 

exhaust gas system
• Manufacturing and 

installation cost of the 

economiser 
• Physical space available in 

the plant for the economiser
• Efficiency savings based on 

plant operational hours
• Fuel cost savings from 

increased plant efficiency
• Reducing carbon and harmful 

emissions
• The type of fuel that will be 

used
• Flue gas flowrate, 

composition and inlet 
temperature
This will enable the 

optimum thermal design 
to be determined that 
will incorporate elements 
including thermal duty, 
waterside pressure-drop, gas 
side pressure-drop, working 
fluids outlet temperatures 
and operating pressure. 

All of this information will 
then be used to formulate 
pressure part calculations and 
develop the mechanical and 
structural design that specifies 

Number and size of economiser 
tubes and H-fins depends 
on plant specifications
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factors such as the system’s 
weight, width and length, 
and in some cases seismic and 
wind-loading calculations.

Use of systems in biomass 
plants brings particular 
challenges for their boiler 
systems. The flue gas 
containing sulphur dioxide 
(SO2) and hydrogen chloride 
(HCl), low water temperatures 
and high flue gas ash content 
need to be taken into account 
when determining materials 
and the types of tubes that 
are used and which fins are 
employed. Generally, the fins 
need to have a wide pitch 
to minimise fouling and as 
high a heating surface as 
possible, which makes Green’s 
proprietary H-finned tube 
design an ideal solution.

There is also the fact that 
the boiler systems, including 
economisers, will have flue 
gas that may contain SO2 and 
HCl, which in combination 
with low water temperatures 
are highly corrosive to steel. 
This influences selection of the 
materials that will need to be 
used.

The high flue gas ash content 
and characteristics also need to 
be taken into account. Careful 
consideration needs to be given 
to spacing between the tubes 
and fins, so that blockages 
caused by the flue gas ash 
are minimised. A wide pitch is 
needed, to increase free space 
for the ash laden flue gas flow.

Green’s proprietary H-fin 
tubes provide an ideal solution 
for economisers installed in 
biomass fired boilers. They 
offer a much more compact 
construction than a bare tube 
design providing considerable 

savings in initial capital 
investment, as well as reduced 
operating costs. They are also 
superior to spiral fin tubes 
for this application, as H-fin 
tubes allow free flow of ash 
particles which would block 
tight-pitch spiral fin surfaces.

Originally designed and 
manufactured by Green’s, the 
economisers for Drax’s six  
660 MW coal fired boilers were 
completed in the 1960s. When 
Green’s converted units 2, 5 
and 3, work was carried out 
with Doosan Babcock to supply 
replacement economisers 
that were able to cope with 
the different demands of this 
method of power generation. 
Each of the economisers 
consisted of 200 double and 
four single coils made in our 
factory and weighed some  
640 tonnes. Over time we have 
also supplied replacement 
coils to some of Drax’s units 
which has meant that in 
some cases the 50+ year 
old economisers have not 
needed replacing even when 
converting to biomass.

We worked with Valmet 
to design and manufacture 

our largest and heaviest 
shipment of economisers 
for Hofor’s heat and power 
plant in Amagervaerket,  a 
vital part of achieving the 
city’s  ambition to be the 
world’s first carbon neutral 
city by 2025. Valmet supplied 
a 500 MWf CYMIC boiler 
and commissioned Green’s 
to provide 12 economisers 
each 20m long each and 
weighing up to 165 tonnes 

with a total weight of 1,884 
tonnes or around the same as 
471 elephants. The plant is 
currently being commissioned 
and is planned to be fully 
operational during 2019. 

In addition to the wide 
range of issues outlined, 
biomass plant managers also 
need to give due regard to 
whether their chosen supplier 
can provide equipment that 
meets all regulatory and 
insurance needs and that is 
best verified by visiting their 
factory and talking to the 
people who will actually be 
designing and manufacturing 
their boiler equipment. Finally, 
they should put in place a 
planned maintenance system 
to ensure that its lifespan 
is extended as much as 
possible and that unplanned 
outages are minimised. l

For more information: 
Matthew Crewe is managing director at 
Green’s. Visit: www.greenspower.co.uk

Economisers manufactured for a 140 MWth biomass-fired boiler

Engineers install boiler and economiser equipment at a biomass plant
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