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2.1. History of energy
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2.2. Forms of energy
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2.3. Types of energy
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2.3.1. Nonrenewable sources of energy
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2.3.2. Renewable sources of energy
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3. Biomass production
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3.1. Biomass sources
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3.2. Biomass types
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3.3. Algae
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3.4. Advantages of using algae as renewable energy source
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3.5. Algal biomass
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3.5.1. Selecting algae species
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3.5.2. Isolation
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3.5.3. Cultivation

��� �˜�1�‹�Š�œ�’�Œ�1�Š�•�•�Ž�›�—�Š�•�’�Ÿ�Ž�œ�1�•�˜�›�1�–�’�Œ�›�˜�Š�•�•�Š�Ž�1�Œ�ž�•�•�’�Ÿ�Š�•�’�˜�—�1�Ž�¡�’�œ�•�1�Š�—�•�1�•�‘�Ž�’�›�1�›�Ž�•�Š�•�’�Ÿ�Ž�1�–�Ž�›�’�•�œ�1�Š�›�Ž�1�•�‘�Ž�1�‹�Š�œ�’�œ�1
�˜�•�1�˜�—�•�˜�’�—�•�1�•�Ž�‹�Š�•�Ž�ï

3.5.3.1. System used in cultivation
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3.5.3.1.1. Photobioreactors
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3.5.3.1.2. Open ponds
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3.5.4. Requirements for cultivation

3.5.4.1. Nutrients
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3.5.4.2. CO2 enrichment
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4. Production of energy from algal biomass

4.1. Harvesting of algal biomass

���—�1�Œ�˜�–�–�˜�—�1�•�˜�•�’�Œ�ð�1�™�›�˜�•�ž�Œ�•�’�˜�—�1�˜�•�1�‹�’�˜�•�’�Ž�œ�Ž�•�1�•�›�˜�–�1�–�’�Œ�›�˜�Š�•�•�Š�Ž�1�’�œ�1�Š�Œ�•�ž�Š�•�1�•�’�”�Ž�1�•�˜�1�•�‘�Ž�1�™�›�˜�•�ž�Œ�•�’�˜�—�1�˜�•�1
���›�œ�•�,�•�Ž�—�Ž�›�Š�•�’�˜�—�1�‹�’�˜�•�’�Ž�œ�Ž�•�ï�1���‘�Ž�1�‹�’�˜�–�Š�œ�œ�1�Œ�›�Ž�Š�•�Ž�•�1�’�œ�1�•�‘�Ž�—�1�Œ�›�˜�™�™�Ž�•�ï�1���‘�Ž�1�•�’�™�’�•�œ�1�Š�›�Ž�1�›�Ž�–�˜�Ÿ�Ž�•�1�Š�—�•�1

�0�D�U�L�Q�H���(�F�R�O�R�J�\�������%�L�R�W�L�F���D�Q�G���$�E�L�R�W�L�F���,�Q�W�H�U�D�F�W�L�R�Q�V������



�•�‘�Ž�—�1�•�›�Ž�Š�•�Ž�•�1�Ÿ�’�Š�1�•�›�Š�—�œ�Ž�œ�•�Ž�›�’���Œ�Š�•�’�˜�—�1�’�—�•�˜�1�•�Š�4�¢�1�Š�Œ�’�•�1�–�Ž�•�‘�¢�•�1�Ž�œ�•�Ž�›�ð�1�•�Ž�—�Ž�›�Š�•�•�¢�1�—�Š�–�Ž�•�1�‹�’�˜�•�’�Ž�œ�Ž�•�ï�1
���‘�˜�ž�•�‘�ð�1�•�’�œ�œ�’�–�’�•�Š�›�1�˜�’�•�1�œ�Ž�Ž�•�1�™�•�Š�—�•�œ�ð�1�Œ�›�˜�™�™�’�—�•�1�–�’�Œ�›�˜�Š�•�•�Š�•�1�Œ�Ž�•�•�œ�1�Œ�Š�—�1�•�Ž�–�˜�—�œ�•�›�Š�•�Ž�1�•�˜�1�‹�Ž�1�›�Ž�•�Š�•�’�Ÿ�Ž�•�¢�1
�Œ�‘�Š�•�•�Ž�—�•�’�—�•�ï�1���‘�Ž�1�œ�–�Š�•�•�1�Œ�Ž�•�•�œ�1�–�˜�Ÿ�’�—�•�1�’�—�1� �Š�•�Ž�›�1�Œ�Š�—�—�˜�•�1�‹�Ž�1�Š�Œ�Œ�Ž�œ�œ�Ž�•�1�Š�œ�1�œ�’�–�™�•�¢�1�Š�œ�1�–�’�Œ�›�˜�œ�Œ�˜�™�’�Œ�1
�˜�›�•�Š�—�’�œ�–�ð�1 �Š�—�•�1 �œ�ž�‹�œ�Ž�š�ž�Ž�—�•�•�¢�1 �˜�’�•�1 �Ž�¡�•�›�Š�Œ�•�’�˜�—�1 �‹�Ž�Œ�˜�–�Ž�œ�1 �–�˜�›�Ž�1 �Œ�˜�–�™�•�Ž�¡�1 �•�‘�Š�—�1 �•�‘�Ž�1 �•�›�Š�•�’�•�’�˜�—�Š�•�1
�™�›�˜�Œ�Ž�œ�œ�1�ž�œ�Ž�•�1�•�˜�›�1�˜�’�•�1�œ�Ž�Ž�•�œ�1�’�—�1�•�Ž�Ÿ�Ž�•�˜�™�–�Ž�—�•�1�Œ�Ž�—�•�ž�›�’�Ž�œ�ï�1���Š�—�¢�1�œ�•�Š�—�•�Š�›�•�1�•�Ž�Œ�‘�—�’�š�ž�Ž�œ�1�‘�Š�Ÿ�Ž�1�‹�Ž�Ž�—�1
�Ž�Ÿ�Š�•�ž�Š�•�Ž�•�1�•�˜�›�1�ž�œ�Ž�1�’�—�1�–�Š�œ�œ�1�Š�•�•�Š�•�1�Œ�ž�•�•�’�Ÿ�Š�•�’�˜�—�1�Š�—�•�1�•�‘�Ž�’�›�1�•�’�–�’�•�Š�•�’�˜�—�œ�1�Š�›�Ž�1�›�Ž�Ÿ�’�Ž� �Ž�•�1�’�—�1�•�Ž�•�Š�’�•�1�Ž�•�œ�Ž�,
� �‘�Ž�›�Ž�1�ý�Z�_�þ�ï�1���‘�ž�œ�ð�1�‘�Š�›�Ÿ�Ž�œ�•�’�—�•�1�Œ�Š�—�1�‹�Ž�1�•�˜�—�Ž�1�Š�•�1�˜�—�Œ�Ž�1�˜�›�1�•�’�Ÿ�’�•�Ž�•�1�’�—�•�˜�1�•�’���Ž�›�Ž�—�•�1�œ�•�Ž�™�œ�ð�1�Ž�Š�Œ�‘�1�˜�—�Ž�1
�Ÿ�Š�›�¢�’�—�•�1 �•�Ž�™�Ž�—�•�’�—�•�1 �ž�™�˜�—�1 �•�‘�Ž�1 �•�Ž�œ�’�›�Ž�•�1 ���—�Š�•�1 �•�˜�•�Š�•�1 �œ�˜�•�’�•�œ�1 �Œ�˜�—�Œ�Ž�—�•�›�Š�•�’�˜�—�ï�1 ���•�1 �Œ�˜�ž�›�œ�Ž�ð�1 �œ�Ž�•�Ž�Œ�•�’�˜�—�1
�˜�•�1�Œ�›�˜�™�1�™�›�˜�Œ�Ž�œ�œ�1� �’�•�•�1�•�’���Ž�›�1�Š�Œ�Œ�˜�›�•�’�—�•�1�•�˜�1�•�‘�Ž�1�Œ�›�’�•�’�Œ�Š�•�1�ž�œ�Ž�1�˜�•�1�•�‘�Ž�1�‹�’�˜�–�Š�œ�œ�ï�1���ž�•�›�Š�Œ�Ž�ž�•�’�Œ�Š�•�1�¢�’�Ž�•�•�œ�1
�–�Š�¢�1�—�Ž�Ž�•�1�™�‘�¢�œ�’�Œ�Š�•�1�™�›�˜�Œ�Ž�•�ž�›�Ž�œ�1�•�˜�›�1�Œ�›�˜�™�™�’�—�•�ð�1�•�‘�ž�œ�1�™�›�Ž�Ÿ�Ž�—�•�’�—�•�1�Œ�‘�Ž�–�’�Œ�Š�•�1�Œ�˜�—�•�Š�–�’�—�Š�•�’�˜�—�1�Š�—�•�1
�œ�ž�œ�•�Š�’�—�’�—�•�1�•�‘�Ž�1�™�›�˜�•�ž�Œ�•���œ�1�—�Š�•�ž�›�Š�•�1�•�Ž�Š�•�ž�›�Ž�œ�ï�1���—�1�•�‘�’�œ�1�œ�’�•�ž�Š�•�’�˜�—�ð�1�•�‘�Ž�1�‘�’�•�‘�1�Ÿ�Š�•�ž�Ž�1�˜�•�1�•�‘�Ž�1�™�›�˜�•�ž�Œ�•�1� �’�•�•�1
�Œ�˜�—�•�›�’�‹�ž�•�Ž�1�’�—�1�•�‘�Ž�1�‘�’�•�‘�1�Œ�˜�œ�•�1�Š�—�•�1�Ž�—�Ž�›�•�¢�1�™�˜� �Ž�›�1�˜�•�1�•�‘�Ž�1�–�Ž�•�‘�˜�•�ï

�
�Š�›�Ÿ�Ž�œ�•�’�—�•�1�–�Ž�•�‘�˜�•�œ�1�Š�›�Ž�1�˜�—�Ž�1�˜�•�1�•�‘�Ž�1�–�Š�“�˜�›�1�™�›�˜�‹�•�Ž�–�1�’�—�1�•�Ž�Ÿ�Ž�•�˜�™�’�—�•�1�Š�1�™�˜�œ�œ�’�‹�•�Ž�1�‹�’�˜�•�’�Ž�œ�Ž�•�1�•�›�˜�–�1
�–�’�Œ�›�˜�Š�•�•�Š�Ž�1�™�›�˜�•�ž�Œ�•�’�˜�—�1�™�›�˜�Œ�Ž�œ�œ�1�’�œ�1�‘�˜� �1�•�˜�1�œ�ž�Œ�Œ�Ž�œ�œ�•�ž�•�•�¢�1�‘�Š�›�Ÿ�Ž�œ�•�1�•�‘�Ž�1�‹�’�˜�–�Š�œ�œ�1�’�—�1�Š�1�Œ�˜�œ�•�,�Ž���Ž�Œ�•�’�Ÿ�Ž�1
� �Š�¢�1�ý�[�V�þ�ï�1���1�Ÿ�Š�›�’�Ž�•�¢�1�˜�•�1�Š�™�™�›�˜�Š�Œ�‘�Ž�œ�1�Š�›�Ž�1�™�˜�œ�œ�’�‹�•�¢�1�Š�Ÿ�Š�’�•�Š�‹�•�Ž�ð�1�’�—�Œ�•�ž�•�’�—�•�1���˜�Œ�Œ�ž�•�Š�•�’�˜�—�ð�1�Œ�Ž�—�•�›�’�•�ž�•�Š�,
�•�’�˜�—�ð�1 ���•�•�›�Š�•�’�˜�—�ð�1 �œ�Ž�•�’�–�Ž�—�•�Š�•�’�˜�—�1 �Š�—�•�1 �–�Š�•�1 �Œ�›�Ž�Š�•�’�˜�—�ð�1 �Š�1 �—�ž�–�‹�Ž�›�1 �˜�•�1 �›�Ž�Œ�Ž�—�•�1 �œ�•�ž�•�’�Ž�œ�1 �™�›�˜�Ÿ�’�•�Ž�1 �œ�˜�–�Ž�1
�‘�˜�™�Ž�1�•�˜�›�1�•�‘�Ž�1�—�Ž�Š�›�,�•�Ž�›�–�1�•�Ž�Ÿ�Ž�•�˜�™�–�Ž�—�•�1�˜�•�1�Š�1�Œ�˜�œ�•�,�Ž���Ž�Œ�•�’�Ÿ�Ž�1�‘�Š�›�Ÿ�Ž�œ�•�’�—�•�1�•�Ž�Œ�‘�—�˜�•�˜�•�¢�ï

4.1.1. Centrifugation
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4.1.2. Flocculation
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4.1.3. Filtration
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4.2. Technologies for converting biomass into liquid fuels
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4.2.1. Thermochemical conversion
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4.2.1.2. Pyrolysis
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4.2.2. Biochemical conversion
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4.2.2.1. Anaerobic digestion
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4.2.2.2. Fermentation and hydrolysis
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4.3. Challenges and opportunities
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4.4. Current status of energy production from algal biomass in Egypt

���•�¢�™�•�1�•�Ž�™�Ž�—�•�œ�1�˜�—�1�Š�1�–�’�¡�•�ž�›�Ž�1�˜�•�1�Ž�—�Ž�›�•�¢�1�›�Ž�œ�˜�ž�›�Œ�Ž�œ�ò�1�Š�1�•�˜�•�1�˜�•�1�•�‘�Ž�–�1�Š�›�Ž�1�™�›�˜�•�ž�Œ�Ž�•�1�•�›�˜�–�1�•�˜�œ�œ�’�•�1
�•�ž�Ž�•�1� �’�•�‘�1�™�›�˜�™�˜�›�•�’�˜�—�1�Š�™�™�›�˜�¡�’�–�Š�•�Ž�•�¢�1�_�^�–�1�Š�—�•�1�•�Ž�™�Ž�—�•�œ�1�˜�—�1�˜�•�‘�Ž�›�1�›�Ž�—�Ž� �Š�‹�•�Ž�1�Ž�—�Ž�›�•�¢�1�œ�˜�ž�›�Œ�Ž�œ�1
�•�˜�1�Œ�˜�Ÿ�Ž�›�1�’�•�œ�1�—�Ž�Ž�•�œ�1� �’�•�‘�1�™�Ž�›�Œ�Ž�—�•�1�Š�‹�˜�ž�•�1�X�–�ï�1���‘�Ž�1�Ž�•�Ž�Œ�•�›�’�Œ�’�•�¢�1�œ�Ž�Œ�•�˜�›�1�Ž�¡�‘�Š�ž�œ�•�œ�1�Š�›�˜�ž�—�•�1�Y�V�–�1�•�›�˜�–�1
�’�•�œ�1 �¢�’�Ž�•�•�1 �˜�•�1 �•�˜�œ�œ�’�•�1 �•�ž�Ž�•�œ�1 � �‘�’�•�Ž�1 �’�—�•�ž�œ�•�›�’�Š�•�1 �—�Ž�Ž�•�’�—�•�1 �’�—�1 ���•�¢�™�•�1 �Ž�¡�‘�Š�ž�œ�•�œ�1 �Š�›�˜�ž�—�•�1 �Z�V�–�1 �•�›�˜�–�1 �’�•�œ�1
�™�›�˜�•�ž�Œ�•�’�˜�—�ï�1 ���•�¢�™�•�1 �¢�’�Ž�•�•�1 �•�Š�›�•�Ž�1 �š�ž�Š�—�•�’�•�¢�1 �˜�•�1 �•�˜�œ�œ�’�•�1 �•�ž�Ž�•�1 �›�Ž�™�›�Ž�œ�Ž�—�•�Ž�•�1 �’�—�1 �—�Š�•�ž�›�Š�•�1 �•�Š�œ�1 �Š�—�•�1 �˜�’�•�ð�1
�‘�˜� �Ž�Ÿ�Ž�›�ð�1���•�¢�™�•�1�Ž�¡�‘�Š�ž�œ�•�1�•�‘�Ž�1�Ž�—�Ž�›�•�¢�1�œ�Ž�Ÿ�Ž�›�Ž�•�¢�1�Š�Œ�Œ�˜�›�•�’�—�•�1�•�˜�1�����1���—�Ž�›�•�¢�1���—�•�˜�›�–�Š�•�’�˜�—�1�Š�•�–�’�—�,
�’�œ�•�›�Š�•�’�˜�—�ð�1�•�‘�Ž�1�Ž�¡�‘�Š�ž�œ�•�’�˜�—�1�›�Š�•�Ž�œ�1�˜�•�1�Œ�›�ž�•�Ž�1�˜�’�•�1�’�—�1���•�¢�™�•�1�•�‘�›�˜�ž�•�‘�1 �X�V�V�V�.�X�V�W�W�1�Š�›�Ž�1�’�—�1�™�Ž�›�–�Š�—�Ž�—�•�1
�’�—�Œ�›�Ž�Š�œ�’�—�•�1�Š�‹�˜�Ÿ�Ž�1�•�‘�Ž�1�™�›�˜�•�ž�Œ�•�’�˜�—�1�›�Š�•�Ž�œ�1Figure 12�ð�1�‹�ž�•�1�•�‘�Ž�1�™�›�˜�•�ž�Œ�•�’�˜�—�1�›�Š�•�Ž�œ�1�˜�•�1�—�Š�•�ž�›�Š�•�1�•�Š�œ�1�Š�›�Ž�1
�œ�ž���Œ�’�Ž�—�•�1�˜�›�1�•�˜�1�Š�‹�˜�Ÿ�Ž�1�’�•�œ�1�Œ�˜�—�œ�ž�–�™�•�’�˜�—�1� �‘�’�Œ�‘�1�•�Ž�Š�•�œ�1�•�˜�1�œ�™�›�Ž�Š�•�1�œ�˜�–�Ž�1�˜�•�1�’�•�œ�1�™�›�˜�•�ž�Œ�•�’�˜�—�1�˜�ž�•�1�˜�•�1
�•�‘�Ž�1�Œ�˜�ž�—�•�›�¢�1�ý67�þ�ï

���‘�Ž�1 �Ž�—�Ž�›�•�¢�1 �Œ�Š�•�Š�œ�•�›�˜�™�‘�Ž�1 �’�—�1 ���•�¢�™�•�1 �’�œ�1 �•�’�‹�Ž�›�Š�•�Ž�•�1 �•�›�˜�–�1 �•�‘�Ž�1 �•�Š�™�1 �‹�Ž�•� �Ž�Ž�—�1 �•�‘�Ž�1 �Š�Œ�Œ�Ž�œ�œ�’�‹�•�Ž�1 �Ž�—�Ž�›�•�¢�1
�œ�˜�ž�›�Œ�Ž�œ�1 �Š�—�•�1 �•�‘�Ž�1 �Ž�¡�‘�Š�ž�œ�•�’�˜�—�1 �•�Ž�Ÿ�Ž�•�œ�ð�1 �Š�œ�1 �•�‘�Ž�1 �—�Š�•�ž�›�Š�•�1 �•�Š�œ�1 �Œ�Š�—�1 �—�˜�•�1 �˜�—�•�¢�1 �Ž�—�˜�ž�•�‘�1 �•�˜�1 �•�‘�Ž�1 �•�›�˜� �’�—�•�1
�›�Ž�š�ž�Ž�œ�•�1�˜�•�1�Ž�—�Ž�›�•�¢�1�’�—�1�•�‘�Ž�1�Œ�˜�—�•�’�—�ž�˜�ž�œ�1�’�—�•�’�Ÿ�’�•�ž�Š�•�œ�1�›�’�œ�Ž�ï

���˜�1�•�‘�Ž�›�Ž�1�Š�›�Ž�1�•� �˜�1�–�Ž�•�‘�˜�•�œ�1�•�˜�1�œ�˜�•�Ÿ�Ž�1�•�‘�Ž�1�™�›�˜�‹�•�Ž�–�1�˜�•�1�Ž�—�Ž�›�•�¢�1�’�—�1���•�¢�™�•�1�Š�—�•�1�œ�ž�Œ�Œ�Ž�Ž�•�1�•�‘�Ž�1�œ�ž�œ�•�Š�’�—�Š�‹�•�Ž�1
�•�Ž�Ÿ�Ž�•�˜�™�–�Ž�—�•�1� �‘�’�Œ�‘�1�‹�Ž�Œ�˜�–�Ž�œ�1�•�‘�Ž�1�Š�•�Š�›�–�1� �˜�›�•�•� �’�•�Ž�ñ

���’�›�œ�•�ñ�1 ���Š�•�’�˜�—�Š�•�’�£�Š�•�’�˜�—�1 �˜�•�1 �Œ�ž�›�›�Ž�—�•�1 �Œ�˜�—�œ�ž�–�™�•�’�˜�—�1 �˜�•�1 �Ž�—�Ž�›�•�¢�1 �Š�—�•�1 �’�–�™�›�˜�Ÿ�’�—�•�1 �•�‘�Ž�1 �Ž���Œ�’�Ž�—�Œ�¢�1
of its use�ñ�1 ���—�•�ž�œ�•�›�’�Š�•�1 ���˜�•�Ž�›�—�’�£�Š�•�’�˜�—�1 ���Ž�—�•�›�Ž�1 �–�Š�•�Ž�1 �Š�1 �œ�•�ž�•�¢�1 �Š�’�–�’�—�•�1 �•�˜�1 �•�Ž�Œ�›�Ž�Š�œ�Ž�1 �•�‘�Ž�1 �Ž�—�Ž�›�•�¢�1
�Ž�¡�‘�Š�ž�œ�•�’�˜�—�1�•�˜�1�X�V�–�1�’�—�1�X�V�X�X�1�•�’�œ�™�Ž�›�œ�Ž�•�1�˜�—�1�œ�Ž�Ÿ�Ž�›�Š�•�1�œ�Ž�Œ�•�˜�›�œ�1�Š�œ�ñ�1�_�ï�Z�–�1�’�—�1�’�—�•�ž�œ�•�›�’�Š�•�1�•�’�Ÿ�’�œ�’�˜�—�ð�1�[�ï�Z�–�1�’�—�1

�7�K�H���5�R�O�H���R�I���0�L�F�U�R�D�O�J�D�H���L�Q���5�H�Q�H�Z�D�E�O�H���(�Q�H�U�J�\���3�U�R�G�X�F�W�L�R�Q�����&�K�D�O�O�H�Q�J�H�V���D�Q�G���2�S�S�R�U�W�X�Q�L�W�L�H�V
�K�W�W�S�������G�[���G�R�L���R�U�J�������������������L�Q�W�H�F�K�R�S�H�Q������������

������
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5. Conclusion
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