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energy requirement profile of the household when there is no st±®¿¹» ¿²¼
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´»ª»´ ¬± ©¸·½¸ ¬¸» ¾¿¬¬»®·» ¿®» ½¸¿®¹»¼ ±® ¼·½¸¿®¹»¼ ·² ¼·ºº»®»²¬ °»®·±¼ò

· ¿ ´·²» ·² ¬¸» ½±²«³°¬·±² °¿½» ©¸±» ·²¬»®½»°¬ ¿®» ¼»¬»®³·²»¼

by the energy requirement profile of the household. The horizontal
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efficiency. The household can operate at any point or consumption
profile (½ïå ½î) that is on the line (efficient) or in the region below
(inefficient), but not above (unattainable). The point Ô ±² ¬¸» ¾«¼¹»¬
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choices about their consumption. Preference relations are defined
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preference is reflected in the perfect complement utility function. If
the household has renewable energy sources with a fixed amount
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the peaks in consumption are flattened. For example, in a two period
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that restricts the optimal consumption profile such that the household
·²½«® ²± ¿¼¼·¬·±²¿´ ½±¬ º±® ¾¿´¿²½·²¹ñ´»ª»´·²¹ ¬¸» ½±²«³°¬·±²ò Ì¸»

±°¬·³·¦¿¬·±² °®±¾´»³ ½¿² ¾» º±®³¿´´§ ¬¿¬»¼ ¿ º±´´±© æ

Ó¿¨ «ø½ïå ½îå æææå ½Ò ÷ ã

ÒÇ
·ãï

½ ·

· å ©¸»®»

· ã

ÐÒ

¶ãïå¶ êã·
°¶ ´¶

øÒ ï÷
ÐÒ

·ãï
°·´·

¿²¼

ÒÈ
·ãï

· ã ïå

ò¬

ÒÈ
·ãï

½·
øï ®÷· ï

ã
ÒÈ
·ãï

´·
øï ®÷· ï

å °
Ì
½ °

Ì
´æ

Ì¸· ½´¿ ±º ±°¬·³·¦¿¬·±² °®±¾´»³ ¿®» ®»º»®®»¼ ¬± ¿ ¿ ¹»±³»¬®·½

°®±¹®¿³ øÙÐ÷ ÅïïÃô ©¸»®» ¬¸» ±¾¶»½¬·ª» º«²½¬·±² · ¿ °±§²±ó

³·¿´ ¿²¼ ¬¸» ½±²¬®¿·²¬ ¿®» °±§²±³·¿´ »¯«¿´·¬·» ¿²¼ñ±® ³±²±³·¿´

·²»¯«¿´·¬·»ò ß² ±°¬·³¿´ ±´«¬·±² ¿´©¿§ »¨·¬ º±® ¿ ÙÐô ¿²¼ ¬¸»

trick to solving it efficiently is to convert it to a non-linear but
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time with PAR = 1.0390, even though the energy requirement profile
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Ú·¹ò ëò Ñ°¬·³¿´ ½±²«³°¬·±² º±® ¿ îìó°»®·±¼ ³±¼»´ ©·¬¸ ¾¿¬¬»®§ ´± ®¿¬» ® ã

ðæððï ¿²¼ ¾¿¬¬»®§ ½¿°¿½·¬§ ¾³¿¨ ã ë ÕÉ¸ò Ì¸» ¼¿§ó¿¸»¿¼ ¸±«®´§ ³¿®µ»¬
»²»®¹§ °®·½» ø¿÷ ¿²¼ ¸±«®´§ »²»®¹§ ®»¯«·®»³»²¬ ø¾÷ ¿®» ¸±©² ·² ¾´¿½µò Ì¸»
optimal consumption profile (c), battery charging/discharging profile (d) and
¾¿¬¬»®§ ½¸¿®¹» ´»ª»´ ¿¬ ¬¸» »²¼ ±º »¿½¸ °»®·±¼ ø»÷ ¿®» ¸±©² ·² ¾´«»ò Ì¸»
consumption profile resulting from cost minimization (f) is sho©² ·² ®»¼ò É»
see that the optimal consumption profile (c) is very uniform (PAÎ ã ïòðíçð÷
±ª»® ¿´´ ¬·³» °»®·±¼ ©·¬¸ ¿¾±«¬ êû ®»¼«½¬·±² ·² ½±²«³°¬·±² ½±¬ò

¿²¼ ¬¸» ¾¿¬¬»®§ ¬¿¬» ø»÷ ¸±© ¬¸» ½¸¿®¹» ´»ª»´ ±º ¬¸» ¾¿¬¬»®§ ¿¬ ¬¸»

»²¼ ±º »¿½¸ ¬·³» °»®·±¼ò ×² ±®¼»® ¬± ¿½¸·»ª» ¬¸» ±°¬·³¿´ ½±²«³°¬·±²

profile, we see that the batteries are used continuously during all
time periods to flatten the peaks in the energy requirements of the
¸±«»¸±´¼ò ß ®»¼«½¬·±² ±º ¿¾±«¬ êû ·² ½±²«³°¬·±² ½±¬ · ¿½¸·»ª»¼ò

×² ½±³°¿®·±²ô «²¼»® ¬¸» ½±¬ ³·²·³·¦¿¬·±² ½¸»³»ô ¿ ®»¼«½¬·±²

±º ¿¾±«¬ ïîû ·² ½±²«³°¬·±² ½±¬ · ¿½¸·»ª»¼ò Ø±©»ª»®ô ¬¸· ·

achieved at the cost of a highly non-uniform consumption profile
øº÷ò Ì¸«ô º±® ¿ ¹·ª»² »¬ ±º ¸±«®´§ ¼¿§ó¿¸»¿¼ ³¿®µ»¬ »²»®¹§ °®·½»ô

¼¿·´§ ¸±«»¸±´¼ »²»®¹§ ®»¯«·®»³»²¬ô ¾¿¬¬»®§ ½¿°¿½·¬§ ¿²¼ ´± ®¿¬»ô

the optimal consumption profile is achieved by balancing/leveling the
½±²«³°¬·±² ±º ¬¸» ¸±«»¸±´¼ò ×² ¬¸· ½¸»³»ô ¾±¬¸ ¬¸» ¸±«»¸±´¼

and the utility company benefit as the household enjoys reduction
·² ½±²«³°¬·±² ½±¬ ©¸·´» ¬¸» «¬·´·¬§ ½±³°¿²§ · °®»»²¬»¼ ©·¬¸

¼»³¿²¼ ¬¸¿¬ · ¿ «²·º±®³ ¿ °±·¾´»ò

Êò ÝÑÒÝÔËÍ×ÑÒÍ

ß º®¿³»©±®µ º±® ³±¼»´·²¹ ¬¸» »²»®¹§ ½±²«³°¬·±² ±º ³¿®¬

¸±«»¸±´¼ ©·¬¸ ¬±®¿¹» ¼»ª·½» ¿ ¿² ·²¬»®¬»³°±®¿´ ¬®¿¼·²¹ »½±²±³§

· °®±°±»¼ò Ì¸» ³±¼»´ · ¿´± ¿°°´·½¿¾´» º±® ¸±«»¸±´¼ ©·¬¸

®»²»©¿¾´» »²»®¹§ °®±¼«½¬·±² ±«®½» ¿²¼ »²»®¹§ ¬±®¿¹» §¬»³

such as dedicated batteries or PHEVs. Households define optimal
consumption as as balancing/leveling their consumption profile such
¬¸¿¬ ¬¸» «¬·´·¬§ ½±³°¿²§ · °®»»²¬»¼ ©·¬¸ ¿ ¼»³¿²¼ ¬¸¿¬ · ¿ «²·º±®³

¿ °±·¾´»ò Ü«» ¬± ¬¸» ¼§²¿³·½ ²¿¬«®» ±º ³¿®µ»¬ »²»®¹§ °®·½» ¿²¼

¼»³¿²¼ô ¬¸» ¸±«»¸±´¼ · º¿½»¼ ©·¬¸ ¿ ½¸±·½» ¾»¬©»»² ½±²«³·²¹ ·²

the present to fulfill its current energy requirements, storing energy f±®
º«¬«®» «» ¿²¼ °»²¼·²¹ »²»®¹§ ¬±®»¼ ·² ¬¸» °¿¬ò Ì¸» ½±²«³°¬·±²

°®»º»®»²½» ±º ¬¸» ¸±«»¸±´¼ ¿®» ³±¼»´»¼ ¿ Ý±¾¾óÜ±«¹´¿ «¬·´·¬§

º«²½¬·±² «·²¹ ½±²«³»® ¬¸»±®§ò Ì¸» °®±½» ±º ½±³°«¬·²¹ ¬¸»

±°¬·³¿´ ½±²«³°¬·±² °±·²¬ ©¸»² ¿ ¼¿§ · ¼·ª·¼»¼ ·²¬± ¬©± ±® ¬¸®»»

¬·³» °»®·±¼ · ¹®¿°¸·½¿´´§ ·´´«¬®¿¬»¼ò Ú±® ¸·¹¸»® ¼·³»²·±²¿´ ³±¼»´ô

¬¸» ±°¬·³·¦¿¬·±² °®±¾´»³ · º±®³«´¿¬»¼ ¿ ¿ ¹»±³»¬®·½ °®±¹®¿³ ¿²¼

±´ª»¼ «¾¶»½¬ ¬± ¾«¼¹»¬ ¿²¼ ¬±®¿¹» ½±²¬®¿·²¬ò Í·³«´¿¬·±² ®»«´¬

¸±© ¬¸¿¬ ¬¸» °®±°±»¼ ³±¼»´ ¿½¸·»ª» ¿² ±°¬·³¿´ ½±²«³°¬·±²

profile with extremely low consumption PAR values close to 1 in
¿¼¼·¬·±² ¬± ®»¼«½·²¹ ¬¸» ¸±«»¸±´¼ ½±²«³°¬·±² ½±¬ ¾§ ¿¾±«¬ êûò
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