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The importance of building control
• Buildings are large energy consumers

• 3 main ways to tackle this issues

Introduction

Design RetrofitControl
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The importance of building models
• Buildings are large energy consumers

• 3 main ways to tackle this issues

Introduction

Design RetrofitControl

Models

of the temperature evolution to understand how much energy 
is needed to matintain the comfort of the occupants

Control
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Issues of classical models
• Classically, people use physics-based models, built from first principles

• Follow the laws of physics
• Large engineering overhead

… but each building is different! 

Introduction

© Steiner SA, Geneva

… can we leverage data in 
black-box methods?

© Zooey Braun, Stuttgart
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Agenda

Introduction

Deep Learning for building models

Deep Reinforcement Learning for building control

Conclusion
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Physics-based vs Neural Network models
• Classical RC model from first principles

• Neural networks (LSTM)
• Great accuracy during training
• More than 50% more accurate

• Generalization issue, because of the poor
data coverage
• Buildings are inhabited and 

hence operated following rules

• Not acceptable in control application

… Let’s go back to what we know 
to counter this issue !

Comparison

Physically Consistent Neural Networks (PCNNs)
Retain physical consistency while being more accurate than physics-based models
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Everything we don’t know

Linear module
Control inputs

Heat losses

Final prediction
Sum of both latent 

variables

We can formally prove its physical consistency
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Physical consistency
Results

• From the eye, we can see both have a 
similar physical behavior 

… PCNNs are indeed following the underlying 
physical laws despite relying on NNs

But PCNNs fit the data better than RC models 
– they are more accurate
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Agenda

Introduction

Deep Learning for building models

Deep Reinforcement Learning for building control

Conclusion
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Technical basis
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<latexit sha1_base64="PHPLgAM3JgI3JwrAiUm6pd1b5Cg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD3SAg3LFrboLkHXi5aQCOZqD8ld/GLM04gqZpMb0PDdBP6MaBZN8VuqnhieUTeiI9yxVNOLGzxanzsiFVYYkjLUthWSh/p7IaGTMNApsZ0RxbFa9ufif10sxvPEzoZIUuWLLRWEqCcZk/jcZCs0ZyqkllGlhbyVsTDVlaNMp2RC81ZfXSbtW9a6q9ft6pVHL4yjCGZzDJXhwDQ24gya0gMEInuEV3hzpvDjvzseyteDkM6fwB87nD0xQjcU=</latexit>at

<latexit sha1_base64="n1oVYwSfTEFXckugRkC+J4/naIw=">AAACGXicbVDLSgMxFM34rPU16tJNsAgu6jBTioogFNy4cFGh0xbaMmTStA3NPEjuCGXob7jxV9y4UMSlrvwb03ZAbT0kl8M595Lc48eCK7DtL2NpeWV1bT23kd/c2t7ZNff26ypKJGUujUQkmz5RTPCQucBBsGYsGQl8wRr+8HriN+6ZVDwKazCKWScg/ZD3OCWgJc+0lQf4CrfTmpfC6eASxkXc+KG3HhSxOyn6WJbVHntmwbbsKfAicTJSQBmqnvnR7kY0CVgIVBClWo4dQyclEjgVbJxvJ4rFhA5Jn7U0DUnAVCedbjbGx1rp4l4k9Q0BT9XfEykJlBoFvu4MCAzUvDcR//NaCfQuOikP4wRYSGcP9RKBIcKTmHCXS0ZBjDQhVHL9V0wHRBIKOsy8DsGZX3mR1EuWc2aV78qFSimLI4cO0RE6QQ46RxV0g6rIRRQ9oCf0gl6NR+PZeDPeZ61LRjZzgP7A+PwGoYudfw==</latexit>

st = {Tt�h:t,Wt�h:t, Lt, Ut, t, ...}

<latexit sha1_base64="UNgGfNXMaef58otXUP23ksy/erU=">AAACBXicbVA9SwNBEN3z2/gVtdRiMQhW8S4EtREEG8sI5gOSEPY2k2Rxb/fYnRPDkcbGv2JjoYit/8HOf+MmuUKjDwYe783szrwwlsKi7395c/MLi0vLK6u5tfWNza389k7N6sRwqHIttWmEzIIUCqooUEIjNsCiUEI9vL0c+/U7MFZodYPDGNoR6yvRE5yhkzr5fdZBek5bCPeYDsCpqn/MtXbv9UedfMEv+hPQvyTISIFkqHTyn62u5kkECrlk1jYDP8Z2ygwKLmGUayUWYsZvWR+ajioWgW2nkytG9NApXdrTxpVCOlF/TqQssnYYha4zYjiws95Y/M9rJtg7a6dCxQmC4tOPeomkqOk4EtoVBjjKoSOMG+F2pXzADOPogsu5EILZk/+SWqkYnBTL1+XCRSmLY4XskQNyRAJySi7IFamQKuHkgTyRF/LqPXrP3pv3Pm2d87KZXfIL3sc3aryYgA==</latexit>

at = heating/cooling

+

+

a

d

c

b

- -

<latexit sha1_base64="pUA+2qCFUeuoMZBZQaNdhv0chOQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6f+uF+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophtd+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVL3Lau2uVqnX8jiKcAKncA4eXEEdbqEBTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QNiUI3V</latexit>xk

<latexit sha1_base64="JtNvdyPKXlB0qrun1J36R/glSo4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCHjxWtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSw21/3C9X3Ko7B1klXk4qkKPRL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5ufOiVnVhmQMFa2pCFz9fdERiOtJ1FgOyNqRnrZm4n/ed3UhNd+xmWSGpRssShMBTExmf1NBlwhM2JiCWWK21sJG1FFmbHplGwI3vLLq6R1UfUuq7X7WqVey+Mowgmcwjl4cAV1uIMGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w8TGI2h</latexit>

Dk

<latexit sha1_base64="NMVaK4r6Sy3c+l1LEThg0SFCD+g=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BLx4j5KEka5idzCZD5rHMzAphyVd48aCIVz/Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0dto1JNaIsorvR9hA3lTNKWZZbT+0RTLCJOO9H4ZuZ3nqg2TMmmnSQ0FHgoWcwItk56aD5mKrXT/rhfrvhVfw60SoKcVCBHo1/+6g0USQWVlnBsTDfwExtmWFtGOJ2WeqmhCSZjPKRdRyUW1ITZ/OApOnPKAMVKu5IWzdXfExkWxkxE5DoFtiOz7M3E/7xuauPrMGMySS2VZLEoTjmyCs2+RwOmKbF84ggmmrlbERlhjYl1GZVcCMHyy6ukfVENLqu1u1qlXsvjKMIJnMI5BHAFdbiFBrSAgIBneIU3T3sv3rv3sWgtePnMMfyB9/kDJsqQmw==</latexit>

T out
k

<latexit sha1_base64="x0/Hh1nxkaUfXucBthYWwaXsQeE=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS1GPBi8cK/YI0ls122i7d7IbdjVBCf4YXD4p49dd489+4bXPQ1gcDj/dmmJkXJZxp43nfTmFjc2t7p7hb2ts/ODwqH5+0tUwVxRaVXKpuRDRyJrBlmOHYTRSSOOLYiSZ3c7/zhEozKZpmmmAYk5FgQ0aJsVLQfMwEstF41p/0yxWv6i3grhM/JxXI0eiXv3oDSdMYhaGcaB34XmLCjCjDKMdZqZdqTAidkBEGlgoSow6zxckz98IqA3colS1h3IX6eyIjsdbTOLKdMTFjverNxf+8IDXD2zBjIkkNCrpcNEy5a6Q7/98dMIXU8KklhCpmb3XpmChCjU2pZEPwV19eJ+2rqn9drT3UKvVaHkcRzuAcLsGHG6jDPTSgBRQkPMMrvDnGeXHenY9la8HJZ07hD5zPH4dPkWI=</latexit>

Tneigh
k

<latexit sha1_base64="CoBL86ZOwg2Q3gVsJgly5o8X7Tg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD+lgMihX3Kq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx6oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uwxs/EypJkSu2XBSmkmBM5n+TodCcoZxaQpkW9lbCxlRThjadkg3BW315nbSvql69WruvVRq1PI4inME5XIIH19CAO2hCCxiM4Ble4c2Rzovz7nwsWwtOPnMKf+B8/gBdvo3S</latexit>uk
<latexit sha1_base64="BxW5usZrsHqeaJTno/B2bJ695HY=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQL2FXgnoMePEYwcRAsoTZyWwyZnZmmYcQlvyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlHKmje9/e4W19Y3NreJ2aWd3b/+gfHjU1tIqQltEcqk6EdaUM0FbhhlOO6miOIk4fYjGNzP/4YkqzaS4N5OUhgkeChYzgo2T2sOq7Y/P++WKX/PnQKskyEkFcjT75a/eQBKbUGEIx1p3Az81YYaVYYTTaalnNU0xGeMh7ToqcEJ1mM2vnaIzpwxQLJUrYdBc/T2R4UTrSRK5zgSbkV72ZuJ/Xtea+DrMmEitoYIsFsWWIyPR7HU0YIoSwyeOYKKYuxWREVaYGBdQyYUQLL+8StoXteCyVr+rVxr1PI4inMApVCGAK2jALTShBQQe4Rle4c2T3ov37n0sWgtePnMMf+B9/gDnTY6o</latexit>

g(uk)

<latexit sha1_base64="c9Dmpwhy/kUomafAPk7ynvTvuRc=">AAAB+HicbVDLSsNAFJ34rPXRqEs3g0VwY0mkqMuCG5cV+oI2hsl00g6ZzIR5CDX0S9y4UMStn+LOv3HaZqGtBy4czrmXe++JMkaV9rxvZ219Y3Nru7RT3t3bP6i4h0cdJYzEpI0FE7IXIUUY5aStqWakl0mC0oiRbpTczvzuI5GKCt7Sk4wEKRpxGlOMtJVCt9IKE3gBWw+5MHoaJqFb9WreHHCV+AWpggLN0P0aDAU2KeEaM6RU3/cyHeRIaooZmZYHRpEM4QSNSN9SjlKignx++BSeWWUIYyFtcQ3n6u+JHKVKTdLIdqZIj9WyNxP/8/pGxzdBTnlmNOF4sSg2DGoBZynAIZUEazaxBGFJ7a0Qj5FEWNusyjYEf/nlVdK5rPlXtfp9vdqoF3GUwAk4BefAB9egAe5AE7QBBgY8g1fw5jw5L86787FoXXOKmWPwB87nD+XfkpM=</latexit>

Tk � T out
k

<latexit sha1_base64="2U1QJtC9t5EFo3s9XpUZxkDgits=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCF0siRT0WvHis0C9oY9hsJ+3SzSbsbpQS+1O8eFDEq7/Em//GbZuDtj4YeLw3w8y8IOFMacf5tgpr6xubW8Xt0s7u3v6BXT5sqziVFFo05rHsBkQBZwJammkO3UQCiQIOnWB8M/M7DyAVi0VTTxLwIjIULGSUaCP5drnpj/E5bt5nAthwNPXHvl1xqs4ceJW4OamgHA3f/uoPYppGIDTlRKme6yTay4jUjHKYlvqpgoTQMRlCz1BBIlBeNj99ik+NMsBhLE0Jjefq74mMREpNosB0RkSP1LI3E//zeqkOr72MiSTVIOhiUZhyrGM8ywEPmASq+cQQQiUzt2I6IpJQbdIqmRDc5ZdXSfui6l5Wa3e1Sr2Wx1FEx+gEnSEXXaE6ukUN1EIUPaJn9IrerCfrxXq3PhatBSufOUJ/YH3+AEnfk1o=</latexit>

Tk � Tneigh
k

<latexit sha1_base64="vpyZB+WDHpC6SugZ0z3m+UqkaBs=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiRT0WRPBYwX5AG8pmO2mXbjZhdyOU0B/hxYMiXv093vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8NJME/YgOJQ85o8ZK7bt+Nr7wpv1yxa26c5BV4uWkAjka/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5uVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nvZMAVMiMmllCmuL2VsBFVlBmbUMmG4C2/vEpal1Xvqlp7qFXqtTyOIpzAKZyDB9dQh3toQBMYjOEZXuHNSZwX5935WLQWnHzmGP7A+fwBsfyPHg==</latexit>

Ek+1

<latexit sha1_base64="tGB37cSWiMCY9bNDo89I+bkZfh0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiRT0W9OCxgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+PWjpOFcMmi0WsOgHVKLjEpuFGYCdRSKNAYDsY38789hMqzWP5aCYJ+hEdSh5yRo2V2nf9bHzhTfvlilt15yCrxMtJBXI0+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7Wfzc6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrPfyYArZEZMLKFMcXsrYSOqKDM2oZINwVt+eZW0LqveVbX2UKvUa3kcRTiBUzgHD66hDvfQgCYwGMMzvMKbkzgvzrvzsWgtOPnMMfyB8/kDsHKPHQ==</latexit>

Dk+1

<latexit sha1_base64="HsYoKGvM2d/aOj+jkMxe3J3+LCk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiRT0WvHis0C9oQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7ud+54lrI2LVxGnC/YiOlAgFo2ilTnOQTa682aBccavuAmSdeDmpQI7GoPzVH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFuTNyYZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDO/8TKgkRa7YclGYSoIxmf9OhkJzhnJqCWVa2FsJG1NNGdqESjYEb/XlddK+rno31dpjrVKv5XEU4QzO4RI8uIU6PEADWsBgAs/wCm9O4rw4787HsrXg5DOn8AfO5w/JEo8t</latexit>

Tk+1

<latexit sha1_base64="5P/vH5F4tWcRHC8IhL4TA9uraDA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBahgpREinos6MFjBfuBbQib7aZdstmE3Y1YQv+FFw+KePXfePPfuG1z0NYHA4/3ZpiZ5yecKW3b31ZhZXVtfaO4Wdra3tndK+8ftFWcSkJbJOax7PpYUc4EbWmmOe0mkuLI57Tjh9dTv/NIpWKxuNfjhLoRHgoWMIK1kR6C6o0Xnj154alXrtg1ewa0TJycVCBH0yt/9QcxSSMqNOFYqZ5jJ9rNsNSMcDop9VNFE0xCPKQ9QwWOqHKz2cUTdGKUAQpiaUpoNFN/T2Q4Umoc+aYzwnqkFr2p+J/XS3Vw5WZMJKmmgswXBSlHOkbT99GASUo0HxuCiWTmVkRGWGKiTUglE4Kz+PIyaZ/XnIta/a5eadTzOIpwBMdQBQcuoQG30IQWEBDwDK/wZinrxXq3PuatBSufOYQ/sD5/AGNHkAw=</latexit>

f(Dk, xk)

+

<latexit sha1_base64="FShqvcHvZf8AvXd/dWPaE1bbkG8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1W962qtWavUa3kcRTiDc7gED26gDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwByamM5Q==</latexit>

f

+

+

+

<latexit sha1_base64="eGYj3z46wv0pwKVbdjOtxCQsUHc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCCB4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPxzcxvP6HSPJaPZpKgH9Gh5CFn1Fjp4bY/7pcrbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwms/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdK6qHqX1dp9rVKv5XEU4QRO4Rw8uII63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wcUno2i</latexit>

Ek +

In
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<latexit sha1_base64="/n8nEJKBtYAVuxMaizwscki5HXs=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4Kkkp6rHgxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkbu53nlBpHssHM03Qj+hI8pAzaqzUnAxKZbfiLkDWiZeTMuRoDEpf/WHM0gilYYJq3fPcxPgZVYYzgbNiP9WYUDahI+xZKmmE2s8Wh87IpVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNkUbgrf68jppVyvedaXWrJXr1TyOApzDBVyBBzdQh3toQAsYIDzDK7w5j86L8+58LFs3nHzmDP7A+fwB0KOM6A==</latexit> k

<latexit sha1_base64="jnu3XjTFPeqDUDuLnt5gOWor3nY=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBZBEEpSinosePFYwX5AG8pmO22X7m7C7kYooX/BiwdFvPqHvPlvTNoctPXBwOO9GWbmBZHgxrrut1PY2Nza3inulvb2Dw6PyscnbRPGmmGLhSLU3YAaFFxhy3IrsBtppDIQ2Ammd5nfeUJteKge7SxCX9Kx4iPOqM2k6ZVXGpQrbtVdgKwTLycVyNEclL/6w5DFEpVlghrT89zI+gnVljOB81I/NhhRNqVj7KVUUYnGTxa3zslFqgzJKNRpKUsW6u+JhEpjZjJIOyW1E7PqZeJ/Xi+2o1s/4SqKLSq2XDSKBbEhyR4nQ66RWTFLCWWap7cSNqGaMpvGk4Xgrb68Ttq1qnddrT/UK41aHkcRzuAcLsGDG2jAPTShBQwm8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwDbxI1s</latexit> k
+
1

<latexit sha1_base64="c9Dmpwhy/kUomafAPk7ynvTvuRc=">AAAB+HicbVDLSsNAFJ34rPXRqEs3g0VwY0mkqMuCG5cV+oI2hsl00g6ZzIR5CDX0S9y4UMStn+LOv3HaZqGtBy4czrmXe++JMkaV9rxvZ219Y3Nru7RT3t3bP6i4h0cdJYzEpI0FE7IXIUUY5aStqWakl0mC0oiRbpTczvzuI5GKCt7Sk4wEKRpxGlOMtJVCt9IKE3gBWw+5MHoaJqFb9WreHHCV+AWpggLN0P0aDAU2KeEaM6RU3/cyHeRIaooZmZYHRpEM4QSNSN9SjlKignx++BSeWWUIYyFtcQ3n6u+JHKVKTdLIdqZIj9WyNxP/8/pGxzdBTnlmNOF4sSg2DGoBZynAIZUEazaxBGFJ7a0Qj5FEWNusyjYEf/nlVdK5rPlXtfp9vdqoF3GUwAk4BefAB9egAe5AE7QBBgY8g1fw5jw5L86787FoXXOKmWPwB87nD+XfkpM=</latexit>

Tk � T out
k



Loris DI NATALE 11AMLD – physics-inspired ML and RL for building control 08.04.22

Simulation
Results

• DRL agents converge to behaviors similar to the optimal trajectories (computed a posteriori)
• Confirmed by statistical analysis over 2000 3-day long sequences



Loris DI NATALE 12AMLD – physics-inspired ML and RL for building control 08.04.22

• We deployed a DRL agent and one baseline

• Very similar results to what could be seen
in simulation
• Preheating behavior
• Close to the lower bound

• Connection issue in grey

• The DRL agent opened the valves
63% less often with virtually
no comfort violations

Experiment
Results
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• Building control will be necessary in the energy transition
• Deep Learning methods can be applied when data is available

• Black-box models can be misleading, even if they fit the data well
• PCNNs as a potential solution - easy to scale

• Deep Reinforcement Learning provides good results
when coupled with PCNNs

• Fully black-box pipeline from data to control policies

• Outlook: Expansion of PCNNs
• Model entire buildings
• Couple PV panel production, battery storage, …

Discussion & Conclusion
Wrap-up

à Buildings as prosumers

à Avoid tedious engineering

à Energy savings of ~40%
à Comfort of the occupants improved

à “Plug & Play” controllers



Thank you for your attention!

Loris DI NATALE  
Urban Energy Systems Lab, Empa
Laboratoire d’Automatique, EPFL
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