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ORC (Organic Rankine 
Cycle) turbines can use 
low temperature heat 
sources to produce 
electricity.
In a tea factory waste 
heat from boilers and 
driers can, through this 
technology, be converted 
to electricity and reduce 
energy costs. The ORC 
turbines are produced 
and developed in 
Sweden by a partner 
with very good expertise 
in the area.

Main sources of 
waste energy in a tea factory

*1 Boiler and flue gas heat energy. Most tea factory boilers do not have a very efficient 
design and energy losses are often very large. Common flue gas temperatures at the outlet of 
the boiler are in the range 200-250 C and the energy amount released through the chimney is 
significant. Here we add a heat exchanger in the chimney and reduce the temperature form 
about 250 C to 100-120 C or less. The change of 100-150 C in gas temperature is used to 
drive the ORC turbine that produces electricity. We typically can produce about 150-200 kW 
electricity per boiler. 

*2 Waste heat from main dryer for tea. Here we have a large flow of hot and wet air from the 
final dryer. Temperature is 135 C to 145 C and the total energy content is very large and not 
used today. This is 100% wasted energy. Here we add a heat exchanger at the output to 
produce hot water. We can cool down the air flow to about 80 C if needed. From this waste 
heat the ORC generator can produce around 50-100 kW extra electrical power that can be 
used in production. 

Conclusion of ORC turbine in a tea factory
An analysis of a standard tea factory indicates that a single 4-6 ton boiler in a tea factory can produce 200-300 kW of 
electricity when it is operating. Most tea factories have two boilers or more, which means that almost all the internal 
electricity demand can be covered.
As an example, we can look at a 220 kW ORC generator. With an operating time of 7000 hours/year this system can 
produce 1540 MWh/year. If we then say that electricity has a value of 
USD 0.2/ kWh this is equal to a value of 308 000 USD/year. This is per 
boiler so if we have 2 boilers used this way this is an income of over 
600 000 USD/year and 440 kW in own made electricity. This is 
produced from waste energy only. 
These are general values and all boilers have their own parameters, 
but it is clearly very profitable and a modern strategy to apply in any tea 
production facility.

The ORC system is built and delivered in a container and is easy to 
install and operate. Maintenance costs are very low and service 
intervals several years. It is designed for at least 20 years of continuous 
production and annual costs are minimal compared to other 
alternatives.
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The principal layout of the 
ORC system is illustrated 
in the image to the right. In 
the image a diesel 
generator is used as heat 
source but in a tea factory 
we instead have a boiler. 

The ORC also needs a 
cooling source in order to 
work properly. Waste heat 
from the ORC can be 
produced at temperatures 
up to 80 C and be used for 
internal heating demands 
at the site. For 220 kW 
electricity we also produce about 1.6 MW of hot water. This can, for example, be used for drying of fuel to the boilers.

Alternative uses of low temperature waste heat.
Use the heat in the withering system to dry tea leaves. Old systems with steam for withering are very inefficient with 
high losses of valuable steam. There are potentially large savings to do here. The steam tubes are an excellent cooler 
for the ORC turbine and it is normally here to no additional cost. 
Use heat to dry the Eucalyptus wood before it its used in the boiler. Moisture content in wood differs a lot and we 
have measured between 28% and 60% in a larger scale test in 2017. Water is no good fuel! The waste heat from the 
ORC can be used to reduce the moisture in the wood.
Through the use of a chipper the wood can be turned to wood chips. The waste heat can then be used to dry the 
wood chips to 10-20% in moisture content. If we have a chip burner added to the boiler this saves 5-10% of wood 
simply by increasing the efficiency of the system. Sunnytek offers all these needed components.
Option solar power

We have 2 solutions to offer in a package combined with ORC generators. 
One is solar panels that adds electrical power when the sun is up. They can be combined with energy storage. We 
can have hybride inverters so that the system is very flexible and easy to operate. 
The other is concentrated solar panels that make steam and hot water. This can reduce the wood consumption at the 
tea factory. Panels can produce heat up to 160 C in temperature that can replace heat produced in the boiler. As the 
wood chip burner adjust itself this is a transparent system and easy to operate and needs no manual adjustments.
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