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and utilise the wasted energy [3]. The majority of this waste heat is of 
low quality and is available in waste sources at temperatures below 
149ºC, or is dissipated as radiation losses.

Generating electrical power from waste heat depends on the 
temperature of the waste heat source. The waste heat source char-
acteristics that must be considered to determine the economic fea-
sibility of power generation will include the availability of the waste 
heat energy source, load factor, temperature, flow rates, pressure, 
plus the composition and nature of any contaminants. [4]. Figure 1 
illustrates the waste heat energy losses in the form of exhaust steam 
being vented into the atmosphere from evaporator vessels within 
a sugar mill. Steam ventilation is used to stabilise and control the 

There is an international drive towards making renewable en-
ergy the primary energy source for up to 35% of global energy 
demands [1]. Modern industry is energy intensive. Examples of 

plants consuming large quantities of energy include paper mills, sugar 
mills, oil refineries, smelters and furnaces. Common components 
used for heating processes are boilers, furnaces, heat-exchangers, 
turbines, distillation columns and evaporators. These industries also 
have several potential sources of waste energy that can be harvested 
using modern technologies.

It is not uncommon to find boilers being fuelled by waste by-
products such as sugar-cane bagasse, especially in the sugar industry. 
Bagasse burning boilers emit particulate matter composed of sulphur 
dioxide (SO2) and nitrogen oxides (NOx) caused by the turbulent 
movement of combustion gases. Emissions of SO2 and NOx are lower 
than with traditional fossil fuels due to the characteristically low levels 
of sulphur and nitrogen associated with bagasse.

Industrial opportunities to recover wasted heat

Converting waste heat into electrical power has great potential within 
the industrial sector where large sources of heat are discharged as 
thermal losses directly into the atmosphere or into cooling systems 
[3]. These thermal losses are the result of process and equipment 
inefficiencies, and the failure of present process systems to recapture 
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Renewable energy sources are embraced within the environmentally 

friendly industries and they are the future, particularly where biofuels 

are used as combustible energy sources of fuels.

Figure 2: Steam drain pipes from the steam turbines.

Figure 1: Surplus process steam 
vented from plant equipment.
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emergency shut-off is a pipe that carries steam at temperatures of 
150ºC to 390ºC. These temperatures are dependent on the turbine 
speed and vary with the load demand of the mill. The boiler stack 
(or boiler chimney) from where flue gases and smoke from the 
boiler combustion process is vented into the atmosphere. The flue 
gas temperature within the boiler stack is approximately 140ºC and 
may experience small fluctuations due to variations in the boiler’s 
operating conditions.

Biomass plants such as sugar mills burn bagasse as fuel for their 
high pressure boilers to produce efficient steam to drive various plant 
operations [3]. Biomass is an energy source that is CO2 neutral and 
causes minimal damage to the environment [5]. A steam standard 
boiler is made up of a sealed vessel in which boiler feed water is 
converted into steam by the application of heat under high pressure. 
This process occurs in the boiler combustion chamber, commonly 
known as the boiler furnace. A boiler combustion chamber at a sugar 
mill has doors that allow access into the furnace by the operator to 
stoke the fire to aid combustion. The following thermal characteristics 
are present in the boiler under dynamic conditions: Internal tempera-
ture ≈400°C; external wall temperature ≈60°C and flame temperature 
≈1 200ºC at full load. High pressure steam pipes that can vary between 
3/8-inches to 14-inches in size within the boiler house and turbine 
house at a typical sugar mill, transport high temperature steam 
throughout the mill and are excellent sources of waste heat energy.

Plant and process thermography

Thermographic imaging is commonly used during preventative 
maintenance and is a non-contact method of providing diagnostics 
information about the thermal states of critical equipment [2]. Ther-
mography provides a two dimensional visual of the thermal pattern 
of heat generated by the equipment. One of the major advantages 
of thermography is that it requires minimal instrumentation [2]. A 
thermography device records the intensity of radiation in the infrared 
part of the electromagnetic spectrum and translates it into a visible 
image for the human eye. Using this technology, we can identify ‘hot 
spots’ on industrial equipment in a plant. 

Smelters: A thermography image of the outer furnace shell of 
a manganese smelter identifies the waste heat energy radiated by 
the smelter on different parts of the outer shell. The temperature 
of the waste heat is displayed alongside the image with the colour 
temperature corresponding to the respective temperature scale. The 
temperature scale ranges from 25ºC to 350ºC and represents the waste 
heat emitted by the smelter.

Electric motors: Electric motors generate substantial amounts 
of waste heat. A typical electric motor during its operation consumed 
275 kW and lost approximately 34 W through convection at its highest 
hot spot. In a common distillation column used in various refineries 
waste heat is generated throughout the rectification and stripping 
sections of the vertical shell of the distillation tower. The heat radiated 
from the vertical shell is determined by the chemical properties of 

vacuum pressure set-point within a range of 60 kpa to 80 kpa, at a 
temperature of 100ºC to 150ºC. This is crucial for the optimal operation 
of the process, and safety of workers and plant equipment.

Figure 2 shows boiler house energy losses and excessive ex-
haust steam being drained to the feed-water recovery system, large 
portions of the steam are still vented into the atmosphere. The feed-
water systems can have an abundance of pipes at a temperature of 
90ºC to 100ºC that are bare and without thermal insulation (lagging), 
leaving them exposed to the atmosphere where heat energy is lost. 
From a practical point of view, uninsulated sections of these pipes 
facilitate the maintenance of the control valves and flanges that are 
mounted on them.

First example

There are two temperature indicators in a turbine house. The one 
indicator displays the temperature of the high pressure steam inlet 
pipes at approximately 390ºC, which feed steam to a second turbine. 
The second indicator displays the exhaust steam temperature at the 
turbine outlet of approximately 150ºC. The exhaust steam is utilised 
by the process production portion of the plant in equipment such as 
evaporator vessels and numerous other pressure vessels. The insu-
lated steam inlet pipes trap heat within the pipes and maintain steam 
temperatures in order to reduce heat losses before the steam enters 
the turbine rotor for efficient safe turbine operation. The waste heat 
sources on the second steam turbine and its steam pipes is considered 
a continuous waste heat source since the second turbine is in con-
stant operation to generate electrical energy to power the entire mill.

Second example

Figure 3 shows one of the many smaller steam turbines used to 
operate a mill, the steam pipes feeding the turbine are insulated up 
to the emergency shut-off valve. Between the turbine inlet and the 
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Figure 3: Mill steam turbine.
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the product being distilled within the vessel. The temperature scale 
indicates a maximum of 200ºC of waste heat being radiated across 
the tower shell.

The thermography image of a furnace chamber of a high pressure 
steam boiler in a sugar mill using fossil fuel for combustion shows the 
maximum temperature radiated from the furnace chamber is 352ºC. 

Wasted heat adds no economic value to an industrial plant. To 
the best of the author’s knowledge, no alternative to thermo-electric 
technology exists for harvesting waste heat to produce small quanti-
ties of electricity. 

Table 1: Potential power that can be generated from different heat sources.

Heat Source Temperature Power

Outer Shell of a Smelter 30°C – 220°C 15,6 W-114,4 W

An Electric Motor 25°C – 65°C 13 W-33,8 W

Distillation Tower 90°C – 200°C 46,8 W-104 W

Boiler combustion chamber 47°C – 352°C 24,44 W-183, 04 W

Waste heat harvesting system: Case study 
Thermoelectric generator for an industrial application

Thermoelectric modules utilising the Seebeck effect are attached onto 
a collar which is then mounted around a high pressure steam line. 
A temperature differential between the hot and cold side of the 
module causes the Seebeck device to generate an electric voltage. 
The Thermoelectric Generator (TEG) collar (used in this case study) 
is designed and developed to operate around a steam pipe in a boiler 
environment [6], [7]. A base plate is mounted to the collar of the TEG 
unit. The base plate improves contact between the collar and the 
module’s hot-side by facilitating heat transfer from the pipe 
to the TEG device. 

Two TEG devices are mounted to the stainless 
steel base plate and an aluminium heat sink dis-
sipates heat from the cold-side the TEG module. 
Thermal coupling paste is used to maximise heat 
transfer from the TEG’s cold side to the heat sink. 
Following several trails, it is found that the heat sink 
alone is inadequate in providing sufficient cooling. 
This can be attributed to the high ambient tempera-
tures within the boiler environment. 

To improve the cooling system, readily available com-
pressed air is utilised to dissipate the heat away from the heat sink. 
A stainless steel pipe is used to spray cold compressed air to assist 
with heat dissipation. Multiple 3 mm holes are drilled into the stain-
less steel pipe to blow directly onto the heat-sink fins for cooling. 

A 12 mm quick shut off ball valve is used to throttle and control 
the 6 bar compressed air. Table 2 shows the cost of the components 
used to construct the unit. This cost can be significantly reduced if 
the device is to be implemented on a large scale. 

All the materials used for the unit are robust and durable, re-
quiring minimal maintenance, on condition that the TEG device is 
operated within its specifications.

Table 2: Thermoelectric collar cost breakdown.

Conclusion

The simulated thermoelectric generator unit (see Figure 5) produced 
encouraging results during the simulated workshop test and the plant 
tests. The maximum voltage and current generated by the device was 
12,95 Vdc and 2,01 A, which equates to 26,04 W. These outputs are 
encouraging for further investigation into optimising and develop-
ing new energy harvesting applications. Heat sources can be easily 
identified using modern thermography technologies. By utilising 

thermography images, we can target high temperatures for 
conversion into useful electrical energy. This energy can 

be used to charge devices such as the batteries of an 
uninterrupted power supply, or to operate a low 
power device. Financially the cost of the technology 
seems to be prohibitive, but this amount becomes 
trivial if one takes into consideration the savings to 
the envi-
ronment 

that wil l 
accumulate 

if these devices 
are utilised on a large 

scale to operate low power 
devices.

Component Material Material Type New Cost 
(ZAR)

4 x TEG1B 
12610-5.1

Ceramic plates New 4 x R656
= 2 624

2 x Finned 
Heat-sinks

Aluminum 
(65 mm x 100 mm)

Reclaimed 2 x R440
= R880

2 x Base 
Plates

Stainless Steel 
70 mm x 120 mm)

Reclaimed 2 x R200
= R400

2 x Bullet Hinges Stainless Steel New 2 x R150
= R300

1 x Pipe 
(6-inch)

Mild Steel 
(5.8-inches length)

Reclaimed 1 x R300 
= R300

1 x Ball 
valve 

Stainless Steel 
(3/8-inch)

Reclaimed 1 x R200
= R200

1 metre 
Air Tubing 

Stainless Steel
(3/8-inch)

Reclaimed 1 x R200
= R200

2 metres Flexible 
Air Tubing

Plastic Tubing 
(3/8-inch)

New 2 x R100 
= R200

TOTAL R 4 904

Figure 5: Thermoelectric generator 
unit simulated test.
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