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𝑈(𝑥1, 𝑥2)
y𝑥1, 𝑥2𝑝1, 𝑝2

𝑦 = 𝑝1𝑥1 + 𝑝2𝑥2s.t

𝑈 = 𝑈(𝑥1, 𝑥2)
𝑚𝑎𝑥 𝑥1, 𝑥2

𝑥1∗, 𝑥2∗𝑥1∗ = 𝑔1 𝑝1, 𝑝2, 𝑦𝑥2∗ = 𝑔2(𝑝1, 𝑝2, 𝑦)
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6

→

𝑈∗ = 𝑈 𝑥1∗, 𝑥2∗= 𝑈 𝑔1 𝑝1, 𝑝2, 𝑦 , 𝑔2 𝑝1, 𝑝2, 𝑦= 𝑌(𝑝1, 𝑝2, 𝑦)

𝑥1∗ = − 𝜕𝑌 /𝜕𝑝1𝜕𝑌 /𝜕𝑦 = 𝑔1 𝑝1, 𝑝2, 𝑦 , 𝑥2∗ = −𝜕𝑌 /𝜕𝑝2𝜕𝑌 /𝜕𝑦 = 𝑔2 𝑝1, 𝑝2, 𝑦
→
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7UTILITY MAXIMIZING MODELS

m(i=1 m)

𝑢 = 𝑉(𝑖, 𝑦 − 𝑟𝑖 , 𝑝1, 𝑝2, 𝑠𝑖 , 𝜖, 𝜂) 𝑝1:

𝜂

𝑝2:y𝑠𝑖 i𝜖 𝑖𝑟𝑖 𝑖𝑥1 = −𝜕𝑉(𝑖, 𝑦 − 𝑟𝑖 , 𝑝1, 𝑝2, 𝑠𝑖 , 𝜖, 𝜂)/𝜕𝑝1𝜕𝑉(𝑖, 𝑦 − 𝑟𝑖 , 𝑝1, 𝑝2, 𝑠𝑖 , 𝜖, 𝜂)/𝜕𝑦
𝑥2 = −𝜕𝑉(𝑖, 𝑦 − 𝑟𝑖 , 𝑝1, 𝑝2, 𝑠𝑖 , 𝜖, 𝜂)/𝜕𝑝2𝜕𝑉(𝑖, 𝑦 − 𝑟𝑖 , 𝑝1, 𝑝2, 𝑠𝑖 , 𝜖, 𝜂)/𝜕𝑦

i

( )
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8UTILITY MAXIMIZING MODELS

V

i

𝑃𝑖 = 𝑃𝑟𝑜𝑏 𝜖1, , 𝜖𝑚, 𝜂 : 𝑉(𝑖, 𝑦 − 𝑟𝑖 , 𝑝1, 𝑝2, 𝑠𝑖 , 𝜖𝑗 , 𝜂)> 𝑉 𝑗, 𝑦 − 𝑟𝑗 , 𝑝1, 𝑝2, 𝑠𝑗 , 𝜖𝑗 , 𝜂 𝑓𝑜𝑟 𝑗 ≠ 𝑖
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9UTILITY MAXIMIZING MODELS

•
UEC

𝑥1 = 𝛽𝑖 𝑦 − 𝑟𝑖 + 𝑚𝑖 𝑝1, 𝑝2 + 𝜐1𝑖
UEC 𝑚𝑖𝜐1𝑖 𝑖

𝑢 = 𝜓( 𝑀𝑖 𝑝1, 𝑝2 + 𝑦 − 𝑟𝑖 + 𝜐1𝑖 / 𝛽𝑖 𝑒−𝛽𝑖𝑝𝑖 , 𝑝2, 𝜐2𝑖) ( )

𝑀𝑖 𝑝1, 𝑝2 =  𝑝1
0𝑚𝑖 𝑡, 𝑝2 𝑒−𝛽𝑖(𝑝1−𝑡) 𝑑𝑡
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10UTILITY MAXIMIZING MODELS

𝑥2 = −𝑀2𝑖 𝑝1, 𝑝2 − 𝑒−𝛽𝑖𝑝𝑖𝜓2 /𝜓1
𝑀2𝑖 = 𝜕𝑀𝑖𝜕p2 , 𝜓2𝜓1 = 𝜕𝜓𝜕𝑝2 / 𝜕𝜓𝜕𝑝1

𝑖 𝜐2𝑖 = 𝜐21
𝑃𝑖 = 𝑃𝑟𝑜𝑏 [𝑀𝑖 𝑝1, 𝑝2 + 𝑦 − 𝑟𝑖+𝜐1𝑖 | 𝛽𝑖]𝑒−𝛽𝑖𝑝𝑖≥ [𝑀𝑗 𝑝1, 𝑝2 + 𝑦 − 𝑟𝑗+𝜐1𝑗 | 𝛽𝑗]𝑒−𝛽𝑗𝑝𝑗𝑓𝑜𝑟 𝑗 ≠ 𝑖
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11UTILITY MAXIMIZING MODELS

(𝛽𝑖 = 𝛽
𝑢 = ln 𝛼0𝑖 + 𝛼1𝑖𝛽 + 𝛼1𝑖𝑝1 + 𝛼2𝑖𝑝2 + 𝛽 𝑦 − 𝑟𝑖 + 𝜐1𝑖 𝑒−𝛽 𝑝𝑖 − 𝛼5𝑙𝑛𝑝2𝑥1 = 𝛼0𝑖 + 𝛼1𝑖𝑝1 + 𝛼2𝑖𝑝2 + 𝛽 𝑦 − 𝑟𝑖 + 𝜐1𝑖𝑥2 = 𝛼2𝑖𝛽 𝛼5 − 1 + 𝛼5𝛽 𝛼0𝑖 + 𝛼1𝑖𝛽 1𝑝2 + 𝛼5𝛼1𝑖𝛽 𝑝1𝑝2 + 𝛼5 𝑦 − 𝑟𝑖𝑝2 + 𝛼5𝜐1𝑖𝛽𝑝2

(𝜐1𝑖 = 𝜂
𝑢 = 𝑀𝑖 𝑝1, 𝑝2 + 𝑦 − 𝑟𝑖 + 𝜂 / 𝛽𝑖 𝑒−𝛽𝑖𝑝1 + 𝜐2𝑖𝑢 = 𝛼0𝑖 + 𝛼1𝑖𝛽 + 𝛼1𝑖𝑝1 + 𝛼2𝑖𝑝2 + 𝛽 𝑦 − 𝑟𝑖 + 𝜂 𝑒−𝛽𝑖𝑝1 − 𝛼5𝑙𝑛𝑝2 + 𝜐2𝑖

( )

( )→

( )→
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12UTILITY MAXIMIZING MODELS

𝑥1 = 𝛼0𝑖 + 𝛼1𝑖𝑝1 + 𝛼2𝑖𝑝2 + 𝛽 𝑦 − 𝑟𝑖 + 𝜂𝑃𝑖 = 𝑃𝑟𝑜𝑏 𝜐2𝑗 − 𝜐2𝑖 < 𝑊𝑖 − 𝑊𝑗 𝑓𝑜𝑟 𝑗 ≠ 𝑖
𝑊𝑖 = 𝑉𝑖𝑒−𝛽 𝑝1 = (𝛼0𝑖 + 𝛼1𝑖𝛽 + 𝛼1𝑖𝑝1 + 𝛼2𝑖𝑝2 + 𝛽𝑟𝑖)𝑒−𝛽 𝑝1

-

→
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13

Y

x

𝑋𝑐 -

-

(selectivity bias)
(self-selection bias)
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14A SPACE AND WATER HEAT CHOICE MODEL 



 1975


1975

-

or
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15A SPACE AND WATER HEAT CHOICE MODEL 

𝑢 = 𝛼0𝑖 + 𝛼1𝑖𝛽 + 𝛼1 𝑝1 + 𝛼2 𝑝2 + 𝑤′𝛾 + 𝛽 𝑦 − 𝑟𝑖 + 𝜂 𝑒−𝛽 𝑝1 + 𝜖𝑖
-

𝑝1:

𝜂

𝑝2:

y

𝜖 𝑖
𝑟𝑖 𝑖𝑖 −
𝑤i

𝑟𝑖 =  𝑗=1
𝑚 𝑝𝑗𝑞𝑗𝑖 + 𝜌𝑟𝑘𝑖

𝜌 = 𝜌0 + 𝜌1𝑦𝑞𝑗𝑖 =  𝑞𝑗 +  𝑞𝑗𝑖
 𝑞𝑗 j 𝑞𝑗𝑖 i

j

𝜌0, 𝜌1
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16A SPACE AND WATER HEAT CHOICE MODEL 

i

𝑃𝑟𝑜𝑏 𝜖𝑖 < 𝜖 = exp( −𝑒−𝜖𝜋𝜆 3−𝛾
)

j 𝜖𝑖
𝐸 𝜖𝑖 𝛿𝑗 𝜖 = 1 = −𝑙𝑛𝑃𝑗 𝜆 3 /𝜋𝑃𝑖1 − 𝑃𝑖 𝑙𝑛𝑃𝑗 𝜆 3 /𝜋 𝑖𝑓 𝑗 ≠ 𝑖𝑖𝑓 𝑗 = 𝑖

j 𝜂
𝐸 𝜂 𝛿𝑗 𝜖 = 1 = 6𝜎𝜋  𝑖=1

𝑚 𝑅𝑖 𝑃𝑖1 − 𝑃𝑖 𝑙𝑛𝑃𝑗 − 𝑅𝑗 𝑙𝑛𝑃𝑖1 − 𝑃𝑖

𝜂𝜖 𝑖
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17A SPACE AND WATER HEAT CHOICE MODEL 

MNLi

𝑃𝑖 = 𝑃𝑟𝑜𝑏 𝑢𝑖 > 𝑢𝑗 𝑓𝑜𝑟𝑗 ≠ 𝑖
= exp[(𝛼0𝑖 − 𝛽 𝑝1𝑞1𝑖 + 𝑝2𝑞2𝑖 − 𝛽𝜌𝑟𝑘𝑖)(𝑒−𝛽 𝑝1)/𝜃] 𝑗=1𝑚 exp[(𝛼0𝑗 − 𝛽 𝑝1𝑞1𝑗 + 𝑝2𝑞2𝑗 − 𝛽𝜌𝑟𝑘𝑗)(𝑒−𝛽 𝑝1)/𝜃 𝜌, 𝜃

313

→
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18A SPACE AND WATER HEAT CHOICE MODEL 
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19A SPACE AND WATER HEAT CHOICE MODEL 
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20A SPACE AND WATER HEAT CHOICE MODEL 

1975

 𝜌 = 0.3793 − 0.01028 (𝑎𝑛𝑛𝑢𝑎𝑙 𝑖𝑛𝑐𝑜𝑚𝑒)
3 𝛼0𝑖 ≡ 𝛾0･𝐺𝐴𝑆𝐴𝑉75 + 𝛾1𝑝𝑒 + 𝛾2 ･𝐶1𝑖

→ i

𝜕𝑙𝑛𝑃𝑖𝜕𝑙𝑛𝑃𝑒 = 𝑃𝑒 𝛾1𝜃 𝑒−𝛽𝑝𝑒 𝐶11 − 𝑃1 + 𝛽  𝑗=1
2 𝑃𝑗 ln 𝑃𝑗𝑃𝑖 − (𝛽𝜃)( 𝑞𝑒𝑖 −  𝑗=1𝑃𝑗  𝑞𝑒𝑖)𝑒−𝛽𝑝𝑒

𝜕𝑙𝑛𝑃𝑖𝜕𝑙𝑛𝑃𝑔 = (−𝛽𝜃 )(𝑝𝑔)(𝑒−𝛽𝑝𝑒)  𝑞𝑒𝑖 −  𝑗=1
2 𝑃𝑗  𝑞𝑒𝑖)
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21The demand for electricity

𝑥 = 𝑞1𝑖 + 𝛼0𝑖 + 𝛼1𝑝1 + 𝛼2𝑝2 + 𝑤′𝛾 + 𝛽 𝑦 − 𝛾𝑖 + 𝜂
𝑥−𝑞1𝑖=  𝑗=1

𝑚 𝛼0𝑖𝛿𝑗𝑖 + 𝛼1𝑝1 + 𝛼2𝑝2 + 𝑤′𝛾 + 𝛽 𝑦 −  𝑗=1
𝑚 𝑃𝐼𝑂𝑃𝑖 𝛿𝑗𝑖 − 𝛽𝜌 𝑗=1

𝑚 𝑃𝐼𝑂𝑃𝑗 𝛿𝑗𝑖 + 𝜂
i

𝐸 𝜂 𝑖 = 6𝜎𝜋  𝑖=1
𝑚 𝑅𝑖𝑃𝑖1 − 𝑃𝑖 𝑙𝑛𝑃𝑗 − 𝑅𝑗 𝑙𝑛𝑃𝑖1 − 𝑃𝑖
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22The demand for electricity
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24The demand for electricity
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• (1984)
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