
0 3 / 1 5 / 0 4 h t tp : / /www. innova t i ons - repo r t . com/h tm l / repo r t s /ene rgy_eng inee r ing / repo r t -26830 .h tm l # 1

���������
	���
�����
�����
�����������
������

� �������� "! ��# ��$�����
 � ���&% �������'% ���
( ��% )������*% �' �
���+ #,# %,��
&% �.-�� ( �0/�-��1-12435��-�����-�% �5� 6�718 91:�8 7*9�9�;

<>=@?BADC�EGF�H�IKJ�H*LNMPOGQ�FSRUTV=�OG?UWXFSC0Q�HZYPT�[*MPW�EPW@MDT�[1=XQ\[1H�MPODT5=]T�[*J�H^T_HKF
`GFDMPW�AP=Xa�aPF�OcbGF�AGM
`P=@J�H

d�e]f g�h�f g^ikj^f eljKm�f h4nDo�gBn�p^q�q^h4nDoKrVs�t u*n'h�f jBvUuKw.o^r,rXq�e�u"t o^xGylj�o*n'h�h]q*j^p�g�f z�m�q{r@o�e&vBu�g*m�r@u�jZh|m�e]f g^iUh�p*f gKy r4f t v_h�elu�g^nKf n'h4o�elnGrXo�e
r4t q^}�f ~�t q.�1f nKs�t u^w*n���~*mKh�vBu^}�f vkf �^f g^i.h�p^q"s^q�e r@o�e4vBu�g^j�q.oKr�n�m*j^pB��q^�1f j�q*nGx�f t t�eXq�z1m�f elq.u.��q^h4u�f t q*���^r4m�g^��u�vUq�gKh4u�t
m�g^��q1eXn0h4u1g^��f g�i�o�r5p�o�x�j�p�u�eXi�qUr�t o�xDnDh'p�eXo�m*i�pUo1eli�u1g�f j{n�q1v�f j�o�g��1m*j�h4o1eln��

��o^xP�*u�g.m�g*m�n�m�u�t�xGu^wkoKr�rXu�~�e]f j�u^h�f g�ikn�f g^i1t q�ylj�e w�n'h4u�tKo�eli�u�g�f jSh�elu�g^n�f n'h4o�eln{p^u*nSu�t t o�xGq*�kn�j^f q�g�h�f n0h4nGh4o�s�elo�~^q.j^p^u�eli�q
h�eXu�g�n�s�o�e,h&xPf h�p�f g�h'p^q.j^e,w*n0h4u�t nSu�g^�.h4o.o�~^n�q�e �*qku.n'h�eXo�g^iku�g�f n�oKh�eXo�s�w.o^r�h�p^q.j�p^u�eli�qBh�elu�g^nKs^o�e h�vUo�~�f t f h@w.xPf h�p�f g�h'p^q
j^e w�n'h4u�t^s�t u�g^q�gKqK�*q�e�~^qKrXo�e,qUnZq�q�g��

�]�"q.j�o�g^n0h|e]m�jZh�h�elu�g^nKf n0h4o�elnSn�f vks�t w"~�w>t u�vkf g^uKh�f g^iku"s�f q*j�q.o^r�nKf t f j�o�g^q"e@m�~�~^q�e�h�p^u^hVn�m�s�s�o�e h4nSq�t q*jZh�elo*��q*nDu�g^�k�1f q�t q*jZh�e]f j
t uKw�q�eln
rXo�e�h|p^q�h|elu�gKn�f n'h]o�e1y1u�g�q�t q�vBq�g�h�h�pKuKh�x�q�e,qKrXq�e�h]oUu�nGu�h�e,u�g^n�f n'h]o�e1n'h]u�vks{y1u�i*u�f gKn'h�h|p^qBn�m�e rXu�j�qUoKr�uBn�f gKi1t q
j^e w*n'h4u�t � ��n�u�f �D�]o�p*gP���*��o�i�q�eln��*u�s*eloKrXq*nZnZo�e�oKrVvBuKh4q�e]f u�t nDnZj^f q�g^j�qUu�g^�.q�gKi1f g^q�q�e]f g^i.u^h�h�pKqk�&g�f �*q�eln�f hXw.oKrV� t t f gKo�f nDuKh
�5e4~�u�g�u�yX�Vp�u�v"s�u�f i�g.u�g��"j�o1e4eXq�nKs�o1g���f g�i"u�m^h'p�o1e�o^rVu>s�u1s�q�e�h�o�u�s�s�q�u1e5f gBh'p�q>�Du�eXj*p>����f n�nKm*qko�r�h'p�q{�lo�m�e4g�u1t
� j^f q�g^j�q��

�,��p�f nPvUqKh|p^o��.nZq�sKu�e,u^h]q�n�h�pKqUn'w�g�h|p^q�n�f nDoKr�h�p^qBj^e w*n'h4u�tZr4elo�v_h|p^q{rXu�~�e@f j�u^h|f o�g{o^r�h�pKqUoKh�pKq�e1q�t q�vBq�g�h]n�gKq*q���q��BrXo�e�h|p^q
h�e,u�g^n�f n'h]o�eln�� �5��o�i*q�e,nDnZu�f �1���|� h�h|p^q�elq�~�w.q�t f vkf gKuKh4q�nDqK}�sKo�n�m�e,qUoKr1h|p^q�r4elu�i1f t qUn�m�e rXu�j�qUoKr1h|p^qBo�eli�u�g*f jPj^e w*n'h4u�t n
h4o�h�pKq
p�u���u�eX��nSo^r&j�o�g���q�gKh�f o�g�u�t*s�eXo*j�q*n�nKf g�i�� �

��p^q{r@u�~�e]f j�u^h�f o�g�h4q*j�p*g�f z�m�q.y1��q^�*q�t o�s^q*�>~�w"elq*nZq*u�elj^p^q�elnGr4elo�v�� t t f g^o�f n����1mKh4i�q�eln��&g�f ��q�elnKf h@w.u�g^�>��q�t t��Zu�~^o�elu^h4o�e]f q�n��
��m�j�q�g�h���q*j^p�g^o�t o�i1f q*nDy&g�oKhVo�g�t w>s�elo^��f ��q*nDuUxGu^wBh4o.n0h|m���wBh�p^q"s�pKw*n�f j�nSu^h�h�p^q"p^q*u�e,hVoKr�j^p^u�eli�q{h�eXu�g�n�s^o�e h
f g�h�p^q*nZq
m�g�m�n�m�u�t*vUu^h4q�e4f u�t n��1f h5u�t nZo>p^u*n{eXq*n�m�t h4q*��f g{h�p�q"p�f i1p�q*n0h
vUo�~�f t f h@w>elq*j�o�el��q*��f gUu�gUo�eXi�u�g�f j�n�q�v�f j�o�g^��m*jZh�o�e��

��p^q�m�nZq.oKr1h�elu�gKnKf n'h4o�e�n'h4u�v�s^n�s�elo�vkf n�q�nGh]o.o�s^q�g.m�s�h�p^q{r�f q�t �koKrV~^u*n�f jPn0h|m���w.oKr�o�eXi*u�g�f jPn�q�v�f j�o�g^��m^j�h4o�eln�~�w.u�t t o�xPf g^i
��q^��f j�q*nDh4o>~^qUr@u�~�e4f j�u^h4q*�.r�eXo�v�s�e]f n0h�f g�q.o�eXi�u1g�f j�j�e,w*n0h�u�tKn�u�v�s�t q�nGh�p�u^h�eXq�vUu�f gkm�g�h�o�m�j�p�q*��~�wkj�o�gK�*q1g�h�f o�g�u�t
j�p�q�v"f j�u�t^o1eVv.q*j�p�u�g�f jKu�t�s�eXo*j�q�n�nKf g�i��

��o"~*m�f t �Uh|p^q�f e&p�f i1p^y@s^q�e rXo�e]vUu�g^j�q.o�eli�u�g*f jDh|eXu�g^n�f n0h]o�eln��^h�p^q�elq*nZq*u�elj^p^q�elnDn'h4u�e h&xPf h�pBuUnKf vks�t q"e@m�~*~^q�e�n�m�~^n'h�elu^h]q���m�s^o�g
x�p�f j^p{h�p�q^wk��q�s�o�nKf h5i�o�t �Ur�f t vUnSu�g��Uh'p�f gke]m�~�~^q�eVt u^w*q�eXnGh4o.j�eXq*u^h4qBh'p^qki�u^h4qk�1f q�t q*j�h'e]f j�u�g^�.h�p^qkn�o�m�elj�q����1eXu�f gBu�g��
i�u^h]q.q�t q�j�h�elo���q*nK����p�f i1p^ylz�m^u�t f h@w"e@m�~�elq�g^qUj�e w*n'h4u�t�y1i1elo�xPgk~�wBh�pKq"�1mKh4i�q�elnSi�eXo�m�sBy�f n�h�p^q�gk~^o�g^��q*�Uh4o{h�p^qUn�m�~^n0h�eluKh4q
h4okj�o�v�s�t q^h�q.u*n�n�q�v�~�t w1����p�q"~�o�g^��f g�i�f n{s�q�e r@o�e4vUq*��~�w�u"t u�v�f g^u^h'f o�g�s�elo*j�q*n�nPj�u�e]e4f q*��o�mKh�f gUu�v�~�f q�gKh5j�o�g^�1f h'f o�g�n
xSf h|pKo�m�h�s*e,q�nZn�m�e,qBo�e1u���pKq�n�f �*q�n��

�]��p�f t qBh�p�f nSu�n�nZq�v�~�t w"s�eXo�j�q�n�nDj�o�m�t �>~^q"s^q�e rXo�e]vUq��kj�o�v�vUq�eXj^f u�t t wBh4o"s�elo��1m�j�q.j�o�vks�t q^}.j^f eljKm�f h4n���xDq�eXq�u�t t w.��q*n�f i1g^q*�
f h�h]oUi*q^h&uKh�h|p^qks�p�w*n�f j�n�� ����o�i�q�elnGnZu�f ���
�|�&g^��q�eXn'h4u�g^�1f g^iUh�p�qBr]m�g^��u�vUq�g�h4u�t�~^q�p^u^�1f o�e�o^r�j�p^u�eli�qBh�eXu�g�n�s^o�e h�f g�h�p^q*n�qBh�elu�g^nKf n0h4o�elnDxPf t t*p^q�t skm�n�vUu���q"~�qKh@h�q�e
��q^��f j�q*n�rXo�e�h�p^qBxPf ��q�elu�gKi�q.oKr�q�t q�j�h�elo�g�f jPu�s�s*t f j�u^h|f o�g^n�h�p^uKhVu�elq"g^o^x\q�vUq�eli1f gKiUrXo�e�h|p^q*nZq.j^t u*nZnZq*nDoKrVvUuKh4q�e]f u�t nK� �

�&nSj^p�u�eli�q*nDr4t o�x�h'p�elo�m�i�pBj�o�g���q�g�h�f o�g^u�t�h�p�f g^y r�f t v�s�o�t w�j^e,w*n0h4u�t t f g^q>vUuKh�q�e]f u�t n���h�p^q^wkq�g^j�o�m�g�h�q�e&~�o�m�g^��u�e4f q*nB~^q^h]xDq*q�g
h�p^qUj^e w*n0h]u�t n�h�p^uKhV�1f n�e@m�s�h�h�p^q�f e&vBoK�*q�vBq�g�h�����w.n'h|m���w�f g^ikn�f g^i1t qUj�e w*n'h4u�t n�����o*i*q�elnDu�gK�>p�f nDj�o�t t q*u�i�m�q�nSj�u�gBq�t f vkf g^u^h]q
h�p^qUq^r,rXq*jZh4nDo^r1h�p^q�n�qUi1elu�f gk~^o�m�g^��u�e4f q�nSu�g^�kq^}*u�v�f g^q{h�p^q"f g�h�e]f g^n�f jDh�elu�g^n�s^o�e h
s�elo�s^q�e h�f q*nDoKr1h�p^q.j^e w*n0h]u�t t f g^q�vUuKh4q�e]f u�t
f h@n'q*t r]�

�,��p^q�vUo�~�f t f h@wBxGq"vBq�u*n�m�elq��>f gPh�p^q�nZq.n�f g^i�t q�ylj^e w*n'h4u�t���qK��f j�q*nGxGu�nDu�~^o�mKh��� Bh4o"�^ � {h�f vBq*n�t u�eli�q�e�h�pKu�g.f g�h�p*f g^y r4f t v
s�t u�n'h|f jDh|elu�g^n�f n0h]o�eln�� ����o�i*q�elnDnZu�f �1���,��p*f n�e,q*n�m�t h&n�m�i*i�q�n'h4n
h�pKuKh&n�j�u^hXh4q�e]f g^i.uKh&i1elu�f g.~Ko�m�g^�*u�e]f q�n�f nGn�f i1g*f r4f j�u�g�h|t w
elq*��m�j�f g^i.h�p^q"s^q�e rXo�e]vUu�g�j�q.o^rVg^o�e]vUu�t�h�elu�g^nKf n0h4o�eXn��*u�g^�>s^o�f g�h4nPm�nGh4o�xGu�el�kuUxGu^w.o^rVf v�s�elo^��f g^i.h�p^q*nZq.��q^��f j�q*n^� �

��q*j�u�m�nZq{h�p^q�~^o�g^�"~^q^h]xGq�q�gBn'h4u�v�s{u�g^�.j�e w*n'h4u�t*f n�g^oKh
s^q�e]vUu�g^q�g�h��^h�p^q�elq*nZq*u�elj�pKq�elnDu�t nZo.j�u�gkelq�vBoK�*qBh�p^qUj^e w*n0h4u�t �
eloKh4u^h]q"f h|�*u�g^�>elq�u^h@h]u*j^pkf h�h]oBh|p^q.n�m�~^n'h�eluKh4q1�*��q�s^o�n�f h|f o�g�f g^iUh|p^q.j^e w*n'h4u�t�u�t t o^xGn�h�p^qUn�j^f q�g�h�f n0h4n�h4oUqK}�s�t o�elq{h�p^q
��q�s�q�g^��q�g^j�q.o^r�h�p^q"vUo�~�f t f h@w.o�g{h�p^q.o�e]f q�g�h4u^h�f o�gBo^r�h�p^qBh�eXu�g^n�f n0h4o�e�j�p^u�g�g^q�t*eXq�t u^h�f �*qBh�oBh�p^q.j�e w�n'h4u�tKu^}*q*n^�

�]�"qUrXo�m�g^��u"p*m�i�q.��q�s^q�g^��q�g^j�q�m�s�o�g{h�elu�g^nKs^o�e h5�1f eXq*jZh�f o�gkf g�h�p^qkjKm�e4elq�g�h4nGh�p�uKhVxGq"vUq*u*n�m�elq*��� �
��o�i�q�eXnSnZu�f �����l��p�f n
u�g�f nZo^h�elo�s�w.xGu*n�m�g^q^}1s^q*jZh�q��1�*u�g^��f g^�1f j�uKh�q�nGh�p�uKh&h�elu�g^nKf n0h4o�e&s�q�e rXo�e4vBu�g^j�q.��q�s^q�g^��nSn'h�eXo�g�i1t wko�gkp^o�x¡h�p^q.q�t q*j�h�elo*��q*n
u�elq.o�e]f q�g�h4q*��elq�t u^h�f �*qBh4oBh�p�q"s^u*j^�^f g�iko^rVvUo�t q*j^m�t q�n{f g�h�p�q.j^e,w*n0h4u�t � �

��p^q"eXq*n�q*u�elj�p^q�eXnK¢�r�f g^�1f g^i�n{p^u^�*qkj^t q*u�e���q^�1f j�q"f v�s�t f j�u^h�f o�g^n^��� gBu*����f h'f o�g{h4o"eXq�vUoK�1f g^iki�elu�f g�~^o�m�g^��u�e]f q*n�����o*i�q�eln
nZu�f �����|f r1w*o�mBj�o�m�t �>s�elq^rXq�elq�g�h�f u�t t w.o�el��q�e�h|p^q.j^e w*n'h4u�t n�f g�h�p^q�n�q{h�p�f g�r4f t vUn��^h�pKu^h&xGo�m�t �>~^q�g^q^r4f hV��qK��f j�q�s^q�e rXo�e]vUu�g^j�q.u�n
xGq�t t � �

��o�t t u�~�o�elu^h�o�elnBf g^j�t m���q*�U£�f h�u�t w>d�o*����o�elo^�ku�g����Sf j�p�u*q�t*¤���¥�q�eXnKp^q�g�n�o�gUu^h
��mKh�i�q�eXn��^£�f �^eXu�v¦�5� � m�g^��u�e@���]u�g�u
§�u�m�vUnZq�f t �1��o�~^q�e,h
�K�^��f t t q^h@h5u�g^�{�1u���u�o � o�vUq^w�u.u^h
��q�t t*�Zu�~^n���u�g��>¤�h�f q�g�g^q>��q�g^u�el��u^h
� t t f g^o�f n^�

��p�q>��u^h'f o�g�u�t � j�f q�g�j�q>¨�o�m�g^��u^h'f o�gUu�g��.h'p^q>�5� � ��©&q�s�u�e,h'vUq�gKh5o^r�¤�g�q�eXi*wUr4m�g^��q*�kh�p�q.xDo�e4���
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