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Car as power plant
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Annual energy balance for a 2050 fully 
renewable, heating, and road transport system for 
the city of Hamburg

• V. Oldenbroek, L. A. Verhoef, and A. J. M. van Wijk. Fuel cell electric vehicle as a power plant: Fully renewable 
integrated transport and energy system design and analysis for smart city areas. International Journal of Hydrogen 
Energy, 42:8166–8196, 2017. 
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Outline

• Car as power plant 

• Modeling 

• Optimization problem 

– Grid-connected mode 

– Islanded mode 

• Distributed control architecture 

• Conclusions
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Car as power plant
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Model predictive control

• Research topics: 
• Model of system 
• Optimization problem with respect to 

uncertainty

measurements
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Model of fuel cell

• System state: fuel level 
• Control inputs 

• Net power generation 
• ON/OFF mode 

• Constraints

xf,i
<latexit sha1_base64="zIobLJ4sNAT1/mYCLWHlxLLd1o4=">AAAB+HicbVBNS8NAFHypX7V+RT16WSyCBymJCCp4KHjxWMHaQhvCZrtpl+4mYXdTLCH/xIsHFa/+FG/+GzdtDto6sDDMvMebnSDhTGnH+bYqK6tr6xvVzdrW9s7unr1/8KjiVBLaJjGPZTfAinIW0bZmmtNuIikWAaedYHxb+J0JlYrF0YOeJtQTeBixkBGsjeTb9pOf9QXWIymyMD9juW/XnYYzA1ombknqUKLl21/9QUxSQSNNOFaq5zqJ9jIsNSOc5rV+qmiCyRgPac/QCAuqvGyWPEcnRhmgMJbmRRrN1N8bGRZKTUVgJouQatErxP+8XqrDKy9jUZJqGpH5oTDlSMeoqAENmKRE86khmEhmsiIywhITbcqqmRLcxS8vk/Z547rh3l/UmzdlG1U4gmM4BRcuoQl30II2EJjAM7zCm5VZL9a79TEfrVjlziH8gfX5A4Dfk8A=</latexit><latexit sha1_base64="zIobLJ4sNAT1/mYCLWHlxLLd1o4=">AAAB+HicbVBNS8NAFHypX7V+RT16WSyCBymJCCp4KHjxWMHaQhvCZrtpl+4mYXdTLCH/xIsHFa/+FG/+GzdtDto6sDDMvMebnSDhTGnH+bYqK6tr6xvVzdrW9s7unr1/8KjiVBLaJjGPZTfAinIW0bZmmtNuIikWAaedYHxb+J0JlYrF0YOeJtQTeBixkBGsjeTb9pOf9QXWIymyMD9juW/XnYYzA1ombknqUKLl21/9QUxSQSNNOFaq5zqJ9jIsNSOc5rV+qmiCyRgPac/QCAuqvGyWPEcnRhmgMJbmRRrN1N8bGRZKTUVgJouQatErxP+8XqrDKy9jUZJqGpH5oTDlSMeoqAENmKRE86khmEhmsiIywhITbcqqmRLcxS8vk/Z547rh3l/UmzdlG1U4gmM4BRcuoQl30II2EJjAM7zCm5VZL9a79TEfrVjlziH8gfX5A4Dfk8A=</latexit><latexit sha1_base64="zIobLJ4sNAT1/mYCLWHlxLLd1o4=">AAAB+HicbVBNS8NAFHypX7V+RT16WSyCBymJCCp4KHjxWMHaQhvCZrtpl+4mYXdTLCH/xIsHFa/+FG/+GzdtDto6sDDMvMebnSDhTGnH+bYqK6tr6xvVzdrW9s7unr1/8KjiVBLaJjGPZTfAinIW0bZmmtNuIikWAaedYHxb+J0JlYrF0YOeJtQTeBixkBGsjeTb9pOf9QXWIymyMD9juW/XnYYzA1ombknqUKLl21/9QUxSQSNNOFaq5zqJ9jIsNSOc5rV+qmiCyRgPac/QCAuqvGyWPEcnRhmgMJbmRRrN1N8bGRZKTUVgJouQatErxP+8XqrDKy9jUZJqGpH5oTDlSMeoqAENmKRE86khmEhmsiIywhITbcqqmRLcxS8vk/Z547rh3l/UmzdlG1U4gmM4BRcuoQl30II2EJjAM7zCm5VZL9a79TEfrVjlziH8gfX5A4Dfk8A=</latexit><latexit sha1_base64="zIobLJ4sNAT1/mYCLWHlxLLd1o4=">AAAB+HicbVBNS8NAFHypX7V+RT16WSyCBymJCCp4KHjxWMHaQhvCZrtpl+4mYXdTLCH/xIsHFa/+FG/+GzdtDto6sDDMvMebnSDhTGnH+bYqK6tr6xvVzdrW9s7unr1/8KjiVBLaJjGPZTfAinIW0bZmmtNuIikWAaedYHxb+J0JlYrF0YOeJtQTeBixkBGsjeTb9pOf9QXWIymyMD9juW/XnYYzA1ombknqUKLl21/9QUxSQSNNOFaq5zqJ9jIsNSOc5rV+qmiCyRgPac/QCAuqvGyWPEcnRhmgMJbmRRrN1N8bGRZKTUVgJouQatErxP+8XqrDKy9jUZJqGpH5oTDlSMeoqAENmKRE86khmEhmsiIywhITbcqqmRLcxS8vk/Z547rh3l/UmzdlG1U4gmM4BRcuoQl30II2EJjAM7zCm5VZL9a79TEfrVjlziH8gfX5A4Dfk8A=</latexit>

uf,i
<latexit sha1_base64="hF8C3y2vRPUxSKy/yHPNZOTOkv8=">AAAB+HicbVBNS8NAFHzxs9avqEcvi0XwICURQQUPBS8eKxhbaEPYbDft0t0k7G4KJeSfePGg4tWf4s1/46bNQVsHFoaZ93izE6acKe0439bK6tr6xmZtq769s7u3bx8cPqkkk4R6JOGJ7IZYUc5i6mmmOe2mkmIRctoJx3el35lQqVgSP+ppSn2BhzGLGMHaSIFtZ0HeF1iPpMij4pwVgd1wms4MaJm4FWlAhXZgf/UHCckEjTXhWKme66Taz7HUjHBa1PuZoikmYzykPUNjLKjy81nyAp0aZYCiRJoXazRTf2/kWCg1FaGZLEOqRa8U//N6mY6u/ZzFaaZpTOaHoowjnaCyBjRgkhLNp4ZgIpnJisgIS0y0KatuSnAXv7xMvIvmTdN9uGy0bqs2anAMJ3AGLlxBC+6hDR4QmMAzvMKblVsv1rv1MR9dsaqdI/gD6/MHfCmTvQ==</latexit><latexit sha1_base64="hF8C3y2vRPUxSKy/yHPNZOTOkv8=">AAAB+HicbVBNS8NAFHzxs9avqEcvi0XwICURQQUPBS8eKxhbaEPYbDft0t0k7G4KJeSfePGg4tWf4s1/46bNQVsHFoaZ93izE6acKe0439bK6tr6xmZtq769s7u3bx8cPqkkk4R6JOGJ7IZYUc5i6mmmOe2mkmIRctoJx3el35lQqVgSP+ppSn2BhzGLGMHaSIFtZ0HeF1iPpMij4pwVgd1wms4MaJm4FWlAhXZgf/UHCckEjTXhWKme66Taz7HUjHBa1PuZoikmYzykPUNjLKjy81nyAp0aZYCiRJoXazRTf2/kWCg1FaGZLEOqRa8U//N6mY6u/ZzFaaZpTOaHoowjnaCyBjRgkhLNp4ZgIpnJisgIS0y0KatuSnAXv7xMvIvmTdN9uGy0bqs2anAMJ3AGLlxBC+6hDR4QmMAzvMKblVsv1rv1MR9dsaqdI/gD6/MHfCmTvQ==</latexit><latexit sha1_base64="hF8C3y2vRPUxSKy/yHPNZOTOkv8=">AAAB+HicbVBNS8NAFHzxs9avqEcvi0XwICURQQUPBS8eKxhbaEPYbDft0t0k7G4KJeSfePGg4tWf4s1/46bNQVsHFoaZ93izE6acKe0439bK6tr6xmZtq769s7u3bx8cPqkkk4R6JOGJ7IZYUc5i6mmmOe2mkmIRctoJx3el35lQqVgSP+ppSn2BhzGLGMHaSIFtZ0HeF1iPpMij4pwVgd1wms4MaJm4FWlAhXZgf/UHCckEjTXhWKme66Taz7HUjHBa1PuZoikmYzykPUNjLKjy81nyAp0aZYCiRJoXazRTf2/kWCg1FaGZLEOqRa8U//N6mY6u/ZzFaaZpTOaHoowjnaCyBjRgkhLNp4ZgIpnJisgIS0y0KatuSnAXv7xMvIvmTdN9uGy0bqs2anAMJ3AGLlxBC+6hDR4QmMAzvMKblVsv1rv1MR9dsaqdI/gD6/MHfCmTvQ==</latexit><latexit sha1_base64="hF8C3y2vRPUxSKy/yHPNZOTOkv8=">AAAB+HicbVBNS8NAFHzxs9avqEcvi0XwICURQQUPBS8eKxhbaEPYbDft0t0k7G4KJeSfePGg4tWf4s1/46bNQVsHFoaZ93izE6acKe0439bK6tr6xmZtq769s7u3bx8cPqkkk4R6JOGJ7IZYUc5i6mmmOe2mkmIRctoJx3el35lQqVgSP+ppSn2BhzGLGMHaSIFtZ0HeF1iPpMij4pwVgd1wms4MaJm4FWlAhXZgf/UHCckEjTXhWKme66Taz7HUjHBa1PuZoikmYzykPUNjLKjy81nyAp0aZYCiRJoXazRTf2/kWCg1FaGZLEOqRa8U//N6mY6u/ZzFaaZpTOaHoowjnaCyBjRgkhLNp4ZgIpnJisgIS0y0KatuSnAXv7xMvIvmTdN9uGy0bqs2anAMJ3AGLlxBC+6hDR4QmMAzvMKblVsv1rv1MR9dsaqdI/gD6/MHfCmTvQ==</latexit>

sf,i
<latexit sha1_base64="zUnBbxGeZStV/cIxjAnxniUpjPQ=">AAAB+HicbVBNS8NAFHzxs9avqEcvi0XwICURQQUPBS8eKxhbaEPYbDft0t0k7G4KJeSfePGg4tWf4s1/46bNQVsHFoaZ93izE6acKe0439bK6tr6xmZtq769s7u3bx8cPqkkk4R6JOGJ7IZYUc5i6mmmOe2mkmIRctoJx3el35lQqVgSP+ppSn2BhzGLGMHaSIFtqyDvC6xHUuRRcc6KwG44TWcGtEzcijSgQjuwv/qDhGSCxppwrFTPdVLt51hqRjgt6v1M0RSTMR7SnqExFlT5+Sx5gU6NMkBRIs2LNZqpvzdyLJSaitBMliHVoleK/3m9TEfXfs7iNNM0JvNDUcaRTlBZAxowSYnmU0MwkcxkRWSEJSbalFU3JbiLX14m3kXzpuk+XDZat1UbNTiGEzgDF66gBffQBg8ITOAZXuHNyq0X6936mI+uWNXOEfyB9fkDeQWTuw==</latexit><latexit sha1_base64="zUnBbxGeZStV/cIxjAnxniUpjPQ=">AAAB+HicbVBNS8NAFHzxs9avqEcvi0XwICURQQUPBS8eKxhbaEPYbDft0t0k7G4KJeSfePGg4tWf4s1/46bNQVsHFoaZ93izE6acKe0439bK6tr6xmZtq769s7u3bx8cPqkkk4R6JOGJ7IZYUc5i6mmmOe2mkmIRctoJx3el35lQqVgSP+ppSn2BhzGLGMHaSIFtqyDvC6xHUuRRcc6KwG44TWcGtEzcijSgQjuwv/qDhGSCxppwrFTPdVLt51hqRjgt6v1M0RSTMR7SnqExFlT5+Sx5gU6NMkBRIs2LNZqpvzdyLJSaitBMliHVoleK/3m9TEfXfs7iNNM0JvNDUcaRTlBZAxowSYnmU0MwkcxkRWSEJSbalFU3JbiLX14m3kXzpuk+XDZat1UbNTiGEzgDF66gBffQBg8ITOAZXuHNyq0X6936mI+uWNXOEfyB9fkDeQWTuw==</latexit><latexit sha1_base64="zUnBbxGeZStV/cIxjAnxniUpjPQ=">AAAB+HicbVBNS8NAFHzxs9avqEcvi0XwICURQQUPBS8eKxhbaEPYbDft0t0k7G4KJeSfePGg4tWf4s1/46bNQVsHFoaZ93izE6acKe0439bK6tr6xmZtq769s7u3bx8cPqkkk4R6JOGJ7IZYUc5i6mmmOe2mkmIRctoJx3el35lQqVgSP+ppSn2BhzGLGMHaSIFtqyDvC6xHUuRRcc6KwG44TWcGtEzcijSgQjuwv/qDhGSCxppwrFTPdVLt51hqRjgt6v1M0RSTMR7SnqExFlT5+Sx5gU6NMkBRIs2LNZqpvzdyLJSaitBMliHVoleK/3m9TEfXfs7iNNM0JvNDUcaRTlBZAxowSYnmU0MwkcxkRWSEJSbalFU3JbiLX14m3kXzpuk+XDZat1UbNTiGEzgDF66gBffQBg8ITOAZXuHNyq0X6936mI+uWNXOEfyB9fkDeQWTuw==</latexit><latexit sha1_base64="zUnBbxGeZStV/cIxjAnxniUpjPQ=">AAAB+HicbVBNS8NAFHzxs9avqEcvi0XwICURQQUPBS8eKxhbaEPYbDft0t0k7G4KJeSfePGg4tWf4s1/46bNQVsHFoaZ93izE6acKe0439bK6tr6xmZtq769s7u3bx8cPqkkk4R6JOGJ7IZYUc5i6mmmOe2mkmIRctoJx3el35lQqVgSP+ppSn2BhzGLGMHaSIFtqyDvC6xHUuRRcc6KwG44TWcGtEzcijSgQjuwv/qDhGSCxppwrFTPdVLt51hqRjgt6v1M0RSTMR7SnqExFlT5+Sx5gU6NMkBRIs2LNZqpvzdyLJSaitBMliHVoleK/3m9TEfXfs7iNNM0JvNDUcaRTlBZAxowSYnmU0MwkcxkRWSEJSbalFU3JbiLX14m3kXzpuk+XDZat1UbNTiGEzgDF66gBffQBg8ITOAZXuHNyq0X6936mI+uWNXOEfyB9fkDeQWTuw==</latexit>

xf,i(k + 1) =

(
xf,i(k) if sf,i(k) = 0

xf,i(k)� (↵f,iuf,i(k) + �f,i)Ts if sf,i(k) = 1
<latexit sha1_base64="mmtnDN11WOn3JLK/rk5WpO2Axng="></latexit><latexit sha1_base64="mmtnDN11WOn3JLK/rk5WpO2Axng="></latexit><latexit sha1_base64="mmtnDN11WOn3JLK/rk5WpO2Axng="></latexit><latexit sha1_base64="mmtnDN11WOn3JLK/rk5WpO2Axng="></latexit>

if sf,i(k) = 0 then uf,i(k) = 0
<latexit sha1_base64="hma24/zKlnE+haEBmAqX1oK/qMs="></latexit><latexit sha1_base64="hma24/zKlnE+haEBmAqX1oK/qMs="></latexit><latexit sha1_base64="hma24/zKlnE+haEBmAqX1oK/qMs="></latexit><latexit sha1_base64="hma24/zKlnE+haEBmAqX1oK/qMs="></latexit>

0  uf,i(k)  ūf,i
<latexit sha1_base64="0wMZN+QFGraiYxI28geEK/Ha6QU="></latexit><latexit sha1_base64="0wMZN+QFGraiYxI28geEK/Ha6QU="></latexit><latexit sha1_base64="0wMZN+QFGraiYxI28geEK/Ha6QU="></latexit><latexit sha1_base64="0wMZN+QFGraiYxI28geEK/Ha6QU="></latexit>
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Model of battery

• System state: stored energy 
• Control inputs 

• Charging/discharging power 
• Charge/discharge mode 

• Constraints

xb,i
<latexit sha1_base64="LljhRYtWHokOF4LTa4n8mcgnbaI="></latexit><latexit sha1_base64="LljhRYtWHokOF4LTa4n8mcgnbaI="></latexit><latexit sha1_base64="LljhRYtWHokOF4LTa4n8mcgnbaI="></latexit><latexit sha1_base64="LljhRYtWHokOF4LTa4n8mcgnbaI="></latexit>

sb,i
<latexit sha1_base64="F/T2UW4+ZgLWTpSvvV4o81OQu4M="></latexit><latexit sha1_base64="F/T2UW4+ZgLWTpSvvV4o81OQu4M="></latexit><latexit sha1_base64="F/T2UW4+ZgLWTpSvvV4o81OQu4M="></latexit><latexit sha1_base64="F/T2UW4+ZgLWTpSvvV4o81OQu4M="></latexit>

ub,i
<latexit sha1_base64="bDB83WHvAVlvdAJHC7qM4qeWslo="></latexit><latexit sha1_base64="bDB83WHvAVlvdAJHC7qM4qeWslo="></latexit><latexit sha1_base64="bDB83WHvAVlvdAJHC7qM4qeWslo="></latexit><latexit sha1_base64="bDB83WHvAVlvdAJHC7qM4qeWslo="></latexit>

xb,i(k + 1) =

(
xb,i(k) +

Ts
⌘d,i

ub,i(k) if sb,i(k) = 0

xb,i(k) + Ts⌘c,iub,i(k) if sb,i(k) = 1
<latexit sha1_base64="mnBLnILugVZcHqj6RpkR0PRuhCo="></latexit><latexit sha1_base64="mnBLnILugVZcHqj6RpkR0PRuhCo="></latexit><latexit sha1_base64="mnBLnILugVZcHqj6RpkR0PRuhCo="></latexit><latexit sha1_base64="mnBLnILugVZcHqj6RpkR0PRuhCo="></latexit>

ub,i(k) � 0 , sb,i(k) = 1
<latexit sha1_base64="SAfB0CfkHTFrOaknVbQWEfOKbe4="></latexit><latexit sha1_base64="SAfB0CfkHTFrOaknVbQWEfOKbe4="></latexit><latexit sha1_base64="SAfB0CfkHTFrOaknVbQWEfOKbe4="></latexit><latexit sha1_base64="SAfB0CfkHTFrOaknVbQWEfOKbe4="></latexit>

ub,i  ub,i(k)  ūb,i
<latexit sha1_base64="HGaN0fk7lyqVUM4eicFfLYU+sKQ="></latexit><latexit sha1_base64="HGaN0fk7lyqVUM4eicFfLYU+sKQ="></latexit><latexit sha1_base64="HGaN0fk7lyqVUM4eicFfLYU+sKQ="></latexit><latexit sha1_base64="HGaN0fk7lyqVUM4eicFfLYU+sKQ="></latexit>
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Model of overall system

• Mixed logical dynamical model

x(k) =
⇥
xT
1 (k), ..., x

T
Nveh

(k)
⇤T

<latexit sha1_base64="0iazkZMNPUyMDlx2RGfgYkZUH4M="></latexit><latexit sha1_base64="0iazkZMNPUyMDlx2RGfgYkZUH4M="></latexit><latexit sha1_base64="0iazkZMNPUyMDlx2RGfgYkZUH4M="></latexit><latexit sha1_base64="0iazkZMNPUyMDlx2RGfgYkZUH4M="></latexit>

u(k) =
⇥
uT
1 (k), ..., u

T
Nveh

(k)
⇤T

<latexit sha1_base64="OLg5I7PbFahHWq+gXYj7eEirl3s="></latexit><latexit sha1_base64="OLg5I7PbFahHWq+gXYj7eEirl3s="></latexit><latexit sha1_base64="OLg5I7PbFahHWq+gXYj7eEirl3s="></latexit><latexit sha1_base64="OLg5I7PbFahHWq+gXYj7eEirl3s="></latexit>

Mixed binary-real

⇢
x(k + 1) = Ax(k) +B1u(k) +B2�(k) +B3z(k)
E1u(k) + E4x(k) + E5(k) � E2�(k) + E3z(k)

<latexit sha1_base64="/13ovURofDf0cG7zUd/IgAemopY="></latexit><latexit sha1_base64="/13ovURofDf0cG7zUd/IgAemopY="></latexit><latexit sha1_base64="/13ovURofDf0cG7zUd/IgAemopY="></latexit><latexit sha1_base64="/13ovURofDf0cG7zUd/IgAemopY="></latexit>
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Central controller design for grid 
connected mode
• Bounded power 

exchange with power 
network 

• Uncontrollable loads 
• Maximum power 

generation for all 
renewable energy 
sources 

• Fuel cells generate 
electricity 

• Batteries generate/
store electricity
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Problem formulation

• Control actions 
• Power generation of fuel cell cars 
• Charging/discharging batteries of cars

How to control fuel cell and 
battery of cars such that power balance of 
microgrid is maintained while operational cost of 

system is minimized?

our goal
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Developed robust control methods

• Min-max 

• Chance constrained 

• Standard scenario-based 

• Lenient scenario-based

Optimization problem is in form of 
Mixed Integer Linear Programming (MILP)
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Problem formulation (islanded 
mode)

Water
Electrolysis

System
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Islanded-mode microgrid

• Uncontrollable loads 

• Maximum power generation of all renewable 

energy sources 

• Fuel cell cars generate electricity 

• Water electrolysis system produces 

hydrogen 

• Fuel cell cars are also used for transportation



!16

Problem formulation

• Control actions 
– Power generation of fuel cells 
– Refilling process of cars 
– Hydrogen production of electrolyzer

How to control fuel cell cars and 
electrolyzer such that power balance is maintained 

and total operational cost is minimized?

our goal
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Disturbance feedback min-max 
method
• Control law: 

• Reduction of conservatism 
– Prevents expansion of  

possible state trajectories 

• Optimization problem is in form of MILP

uf,i(k + j) = vf,i(k + j) +Kf(k + j)!f,i(k + j � 1)
<latexit sha1_base64="qT8/B6S0iO6fE6FmVypt6oWuau4="></latexit><latexit sha1_base64="qT8/B6S0iO6fE6FmVypt6oWuau4="></latexit><latexit sha1_base64="qT8/B6S0iO6fE6FmVypt6oWuau4="></latexit><latexit sha1_base64="qT8/B6S0iO6fE6FmVypt6oWuau4="></latexit>

Min-max

Disturbance

feedback
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Distributed control architecture

• Separating MPC optimization problem into: 
– Master problem        coordinator 
– Slave problem          individual cars 

• Result 
– Faster to solve 
– No sharing of driving patterns

Centralized

Architecture

Multi-level

Architecture
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Primal problem

•     set of fuel cell cars 
•     decision variable related to fuel cell car i 
•         operational cost of fuel cell car i 
•        power balance constraint

min
xi2Xi,8i2I

X

i2I
Ji(xi)

<latexit sha1_base64="7QfGbktZ7gQhYcKbnGxX21/+FAU="></latexit><latexit sha1_base64="7QfGbktZ7gQhYcKbnGxX21/+FAU="></latexit><latexit sha1_base64="7QfGbktZ7gQhYcKbnGxX21/+FAU="></latexit><latexit sha1_base64="7QfGbktZ7gQhYcKbnGxX21/+FAU="></latexit>

subject to g(x) =
X

i2I
gi(xi) = 0

<latexit sha1_base64="2QfkpvajSuqh9PhCVNLoqaefeXQ="></latexit><latexit sha1_base64="2QfkpvajSuqh9PhCVNLoqaefeXQ="></latexit><latexit sha1_base64="2QfkpvajSuqh9PhCVNLoqaefeXQ="></latexit><latexit sha1_base64="2QfkpvajSuqh9PhCVNLoqaefeXQ="></latexit>

I
<latexit sha1_base64="tRBWoSF0C6H4oCN4PsjhRyOggys="></latexit><latexit sha1_base64="tRBWoSF0C6H4oCN4PsjhRyOggys="></latexit><latexit sha1_base64="tRBWoSF0C6H4oCN4PsjhRyOggys="></latexit><latexit sha1_base64="tRBWoSF0C6H4oCN4PsjhRyOggys="></latexit>

xi
<latexit sha1_base64="c7p7JJUW1mrAIgx4uRls0XZjNVI="></latexit><latexit sha1_base64="c7p7JJUW1mrAIgx4uRls0XZjNVI="></latexit><latexit sha1_base64="c7p7JJUW1mrAIgx4uRls0XZjNVI="></latexit><latexit sha1_base64="c7p7JJUW1mrAIgx4uRls0XZjNVI="></latexit>

Ji(xi)
<latexit sha1_base64="gpOz9L9zyIB2t+++exzkrQpARxU="></latexit><latexit sha1_base64="gpOz9L9zyIB2t+++exzkrQpARxU="></latexit><latexit sha1_base64="gpOz9L9zyIB2t+++exzkrQpARxU="></latexit><latexit sha1_base64="gpOz9L9zyIB2t+++exzkrQpARxU="></latexit>

g(x)
<latexit sha1_base64="AU1pjK676dISYBRDAjwhuDsuTqE="></latexit><latexit sha1_base64="AU1pjK676dISYBRDAjwhuDsuTqE="></latexit><latexit sha1_base64="AU1pjK676dISYBRDAjwhuDsuTqE="></latexit><latexit sha1_base64="AU1pjK676dISYBRDAjwhuDsuTqE="></latexit>
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Dual problem

• Separable!

max
�2R

min
xi2Xi,8i2I

X

i2I
Ji(x) + �

X

i2I
gi(xi)

<latexit sha1_base64="gRMTMIcdyedfZEsuwQI2nKiPCqo="></latexit><latexit sha1_base64="gRMTMIcdyedfZEsuwQI2nKiPCqo="></latexit><latexit sha1_base64="gRMTMIcdyedfZEsuwQI2nKiPCqo="></latexit><latexit sha1_base64="gRMTMIcdyedfZEsuwQI2nKiPCqo="></latexit>

Master problem

�new =

⇢
�old + ↵ if g(x) < 0
�old � ↵ if g(x) > 0

<latexit sha1_base64="9z5Q2M6j8MIWDtTgsOeU/EbC3ns="></latexit><latexit sha1_base64="9z5Q2M6j8MIWDtTgsOeU/EbC3ns="></latexit><latexit sha1_base64="9z5Q2M6j8MIWDtTgsOeU/EbC3ns="></latexit><latexit sha1_base64="9z5Q2M6j8MIWDtTgsOeU/EbC3ns="></latexit>

Given     update    asxi
<latexit sha1_base64="REssJbliIbbmTKt534e6jwZc8Jg="></latexit><latexit sha1_base64="REssJbliIbbmTKt534e6jwZc8Jg="></latexit><latexit sha1_base64="REssJbliIbbmTKt534e6jwZc8Jg="></latexit><latexit sha1_base64="REssJbliIbbmTKt534e6jwZc8Jg="></latexit>

�
<latexit sha1_base64="YuaGakJ6sbcewQt1VqrN/fGuiHA="></latexit><latexit sha1_base64="YuaGakJ6sbcewQt1VqrN/fGuiHA="></latexit><latexit sha1_base64="YuaGakJ6sbcewQt1VqrN/fGuiHA="></latexit><latexit sha1_base64="YuaGakJ6sbcewQt1VqrN/fGuiHA="></latexit>

Slave problem
Given   , solve:�

<latexit sha1_base64="YuaGakJ6sbcewQt1VqrN/fGuiHA="></latexit><latexit sha1_base64="YuaGakJ6sbcewQt1VqrN/fGuiHA="></latexit><latexit sha1_base64="YuaGakJ6sbcewQt1VqrN/fGuiHA="></latexit><latexit sha1_base64="YuaGakJ6sbcewQt1VqrN/fGuiHA="></latexit>

min
xi2Xi

Ji(xi) + �gi(xi)
<latexit sha1_base64="nXKrCg/jYqAQ1t0xZiAi0BLOuNU="></latexit><latexit sha1_base64="nXKrCg/jYqAQ1t0xZiAi0BLOuNU="></latexit><latexit sha1_base64="nXKrCg/jYqAQ1t0xZiAi0BLOuNU="></latexit><latexit sha1_base64="nXKrCg/jYqAQ1t0xZiAi0BLOuNU="></latexit>
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Dual decomposition

coordinator

car 1 car 2  car

coordinator

car 1 car 2  car

coordinator

car 1 car 2  car
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Summary

• Mixed logical dynamical models 
• Different control strategies in islanded and 

grid-connected modes 
• Reduction of conservatism with 

disturbance feedback method 
• Distributed control methods to  

– increase the privacy of car owners 

– reaching solution faster


