
Chapter One 

Introduction 

1.1 Background 

Tea is nearly 5,000 years old and was discovered, as legend has it, in 2737 B.C. by a 

Chinese emperor when some tea leaves accidentally blew into a pot of boiling water. In 

the 1600s, tea became popular throughout Europe and the American colonies. Now, tea is 

consumed as a beverage throughout the world and grown widely in countries of Asia, 

Africa and the Near East. Earliest mention of tea is from China in 350 B.C. It found its 

way to Europe in 1559, to England in 1615, and to Indonesia in 1684. Commercial 

cultivation began in India in 1823 and in 1867 in Sri Lanka. [6] 

Tea industry plays a vital role in the economy of Sri Lanka. It is the major plantation crop 

in the country and Sri Lanka has the dignity of being the world third largest tea producer. 

Based on the 2003 data from World Bank, tea export is around 13% of the total export 

(663billion/5,133billion) of the country. According to annual report-2005 of Central 

Bank of Sri Lanka, annual production of made tea is nearly 317 thousand metric tones 

and 97% (309 thousand metric tones) of this production is exported. [8] 

Tea plantation was first introduced in mid 19th century, during the British colonial era and 

since then tea industry faces ups and downs, being the major commercial crop in the 

country. Geographical conditions of the country, especially of the hill country is well 

suited for tea plantation and this factor causes largely for this industry to be flourished. 

Electrical energy is a critical element in tea industry, because many machines which are 

used for tea processing are operated by electrical power. During the time when tea was 

first introduced to Sri Lanka, there was not a minute crisis of energy. In some cases, up-

country factory owners generated their own power from micro hydro resources available 

at their plantations. However the condition is different now. Electricity price has been 

increased rapidly during the past decade, making it comparatively higher than the 

electricity prices of neighbouring countries as well as other tea export countries. Due to 

this reason unit cost of made tea has increased tremendously during the last few years. 
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High prices due to the high production cost of made tea ultimately impedes its 

competitiveness in the world market, even in spite of the quality and undeniable flavour 

of Sri Lankan Tea. Therefore it is distinct that, to reduce the production cost of made tea, 

reducing the operational cost or energy cost is a must. Yet most of the machines used in 

tea factories are those used during colonial times and the concern for energy efficiency of 

these machines is very little. Lot of uneducated and inexperienced employees are 

engaged in tea sector. Further, most of the employees of tea factories are non-technical 

people and energy conservation practices are very rarely being applied. Tendency of the 

factory owners to use better and energy efficient systems seems to be poor and the efforts 

put so far to change this situation have not achieved the expected results. 

Tea production associates with a number of machinery which are operated by electrical 

energy. Hence energy cost is a crucial factor in the production cost of made tea. 

Therefore unit cost of made tea can be brought down by reducing the specific energy 

(energy required to produce 1 kg of made tea) consumption of the production. For it to be 

achieved energy conservation and efficient methods and practices should be exercised at 

plant level. In-house expertise knowledge and capacity is a vital factor for achieving this. 

But many small and medium scale tea industries do not have facilities to undertake tests 

like testing the quality of tea, estimation of moisture, measuring process parameters like 

air flow rate, pressure, etc. Therefore it has become difficult to know and assess their 

current level of performance. Lack of dedicated technical resource persons to look in to 

technical improvements, lack of capacity to access latest technological information are 

also barriers encountered in improving energy efficiency and tea quality by the tea 

industry in Sri Lanka. 

Withering process consumes electrical energy to run the blower fans. Withering accounts 

for about 50% of the total electricity consumption in tea processing. [1] Withering is 

achieved by placing tea leaves on the troughs and air being blown by an axial flow fan. 

To assist in having a control over the process a combination of hot and ambient air is 

used. It has been found that around 50% of the withering is achieved during the first 4-6 

hours of the process and for the rest it takes around 6-10 hours. During the initial phase of 

the withering process, moisture on the surface of the leaf gets evaporated and from there 

onwards moisture from the interior of the leaf is propagated to the surface through 
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diffusion process. The moisture removal becomes slower when the diffusion process 

takes place from the interior of the tea leaves. [1] 

Industry has always required tools for increasing production rate and/or product quality 

while keeping the costs as low as possible. Doubtless, one of these tools is automatic 

process control. In the early days, engineers essentially used their knowledge of the 

process and their understanding of the underlying physics to design controllers, such as 

P1D controllers. Analysis methods were combined with an empirical approach of the 

problem to design controllers with an acceptable level of performance. During the last 

decades, with the increasing competition on the markets, more powerful control 

techniques have been developed and used in various industrial sectors in order to increase 

their productivity [23]. 

Tea withering process is very difficult process to model and involves multiple variables. 

Also it is a non linear process and involves high level of operator expertise. In this type of 

situations fuzzy logic base controlled systems have proved to be the more appropriate 

approach for achieving process automation objectives. 

There are five types of systems where fuzziness is necessary or beneficial: 

• Complex systems those are difficult or impossible to model 

• Systems controlled by human experts 

• Systems with complex and continuous inputs and outputs 

• Systems that use human observation as inputs or as the basis for rules 

• Systems those are naturally vague 

Fuzzy logic controller system has several advantages over conventional control 

methodologies: 

• Fewer values, rules, and decisions are required 

• More observed variables can be evaluated 

• Linguistic, not numerical, variables are used, making it similar to the way humans think 

• It relates output to input, without having to understand all the variables, permitting the 

design of a system that may be more accurate and stable than one with a conventional 

control system 

• Simplicity allows the solution of previously unsolved problems 
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• Rapid prototyping is possible because a system designer doesn't have to know* 

everything about the system before starting work 

• They're cheaper to make than conventional systems because they're easier to design 

• They have increased robustness 

• They simplify knowledge acquisition and representation 

• A few rules encompass great complexity 

Also there are few drawbacks of fuzzy systems when compared with conventional 

systems: 

• I t ' s hard to develop a model from a fuzzy system 

• Though they're easier to design and faster to prototype than conventional control 

systems, fuzzy systems require more simulation and fine tuning before they're 

operational [14]. 

1.2 Motivation 
While the research institutions dedicated to the tea industry have the best knowledge on 

the tea process and the related quality and energy issues, they lack the knowledge in new 

technologies and research capacities especially in electrical and automation related areas. 

Lack of unified effort between these two fields has severely affected the utilization of 

new concepts and technologies for the improvement of the tea industry in Sri Lanka. This 

study is a result of an effort to utilize advancements in the field of electrical engineering 

for the advancement of the tea processing industry. 

1.3 Objective 

The objective of this study is to develop a withering control methodology which will 

optimize the electrical energy consumption of the process while maintaining the quality 

of the processed tea. Also it is a main objective to make the system flexible in terms of 

control algorithm considering the non linear behaviour of the process and the need for 

using the developed concept and the system as a structural basis for further research and 

experiments. 
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