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| Contexto

Climatizacion de edificios

Problema de optimizacion multi-objetivo:

» Reducir el consumo energeético.
» Garantizar el confort térmico.
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| 1. Contexto:

Alternativas...

-3

1)

[A)

Controladores basados MPC Reinforc.ement
en reglas / PID learning
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| Contexto:

Horizonte

Requiere un .. ., Adopcion
Control Control 9 . Requisitos Gestion de P Barrera de
. . . de modelo del Datos requeridos . .. enla .
adaptativo predictivo . .. . computacionales restricciones . . adopcion
prediccion sistema industria
Impuestas
explicitamente
RBC/ PID No No - No Ninguno Bajos (pueden no Alta Ninguna
cumplirse al ser un
control reactivo)
Impuestas
No en su ex(p'"Ci(tjame“te Configuracion
forma , , , , . pueden no - complejidad
\ e . Si Horas/dias Si Dias/semanas Altos (online) | cumplirse debido a Baja ¥ Sej
més incertidumbre o L,
basica e A optimizacién
modelo)
Si Implicitas en la
, , - ’ N ) Muy Eficiencia de
RL Si Si “Infinito” en model- Afios Altos (offline) T :
(se espera que no se baja datos
based RL cumplan)
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| Contexto:

CONTRAS

e Poco escalables
e Ajuste complejo / conocimiento experto
e Sin prediccidn

e Simplicidad

RBC/ PID
c/ e Eficiencia

e Calibracién compleja

Precision s : y
° e Dificil de transferir entre edificios

e Prediccion

e Alto coste computacional / datos
e Aprendizaje por interaccion e Gran cantidad de datos
o Flexibilidad en las observaciones e Model-based RL - modelo del sistema
e Horizonte de prediccion practicamente e Definicidn de recompensa
infinito e Explicabilidad

(*) Las ventajas e inconvenientes de MPC y RL son compatibles, lo que motiva a su combinacion.

Plan de Recuperacion,

*
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| Contexto:

R=w-comfort + (1 — w) - consumo

Variables observadas:
temperatura,

radiacion, humedad...

Acciones: ajuste de
setpoints (valores
de consigna)
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| Contexto:
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| Contexto:

w - com fort + (1 — w) - consumo
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| Sinergym

Vi oy
£ @ | @ |

—

|R =w-comfort + (1 — w) - consumo

v
2

sinergym
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| Sinergym

https://github.com/ugr-sail/sinergym

* Framework open source basado en Python
para la simulacion y control energético de
edificios mediante algoritmos de DRL.

i & Gyr‘r“ur‘lasiurﬂj

—

« Siguen el estandar de Gymnasium.

Agent

sinergym Building

7 ] \ simulator
* Incluye mdltiples funcionalidades extra ﬁ o
’i‘ 6i]

como wrappers propios (ej. normalizacion),
funciones de recompensa, loggers, etc. Building  Weather  Variables

model data

* Funciona sobre el simulador EnergyPlus.

SINERGYM - A virtual testbed for building energy optimization with Reinforcement Learning

Campoy-Nieves, A., Manjavacas, A., Jiménez-Raboso, J., Molina-Solana, M., Gomez-Romero, J. (2025)
‘ Energy and Buildings 327, 115075.  http://doi.org/10.1007/s10462-024-10819-x
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https://github.com/ugr-sail/sinergym
http://doi.org/10.1007/s10462-024-10819-x

| Sinergym

/ Sinergym

o
Action Communication Middlawars
Controller @ (E)
: Nah] et
¥ Gymnasium Emergyplus
Reward AP| Python AP
| —

variables

mearears

atepaction) actuators
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|En la practica...

An experimental evaluation of Deep
Reinforcement Learning algorithms for
HVAC control

Antonio Manjavacas'”, Alejandro Campoy-Nieves', Javier

Jiménez-Raboso', Miguel Molina-Solana' and Juan
Gomez-Romero!

'Department of Computer Science and Artificial Intelligence,
Universidad de Granada. Granada, 18071, Spain.

Manjavacas, A., Campoy-Nieves, A., Jiménez-Raboso, J.,
MO“na_SOIana, M . Gé meZ_Romero’ J (2024) *Corresponding author(s). E-mail(s): manjavacastugr.es:

Contributing authors: alejandroen7aiugr.es; jajimerficorreo.ugr.es;
miguelmolina®ugr.es; jgomezUdecsal, ugr.es;

An experimental evaluation of deep reinforcement no—

Heating, Ventilation, and Air Conditioning (HVAC) systems are a

| ear n i n g al g O r it h m S fo r HVAC CO nt r Ol . masjor driver of energy consumption in commercial and residential build-

apr = . . ings. Recent studies have shown that Deep Reinforcement Learning
ArtIfICIaI I nte" Ige nce ReV|eW 57 173 (DRL) algorithms can outperform traditional reactive controllers. How-
b ever, DRL-based solutions are generally designed for ad hoe setups

and lack standardization for comparison, To fll this gap, this paper

provides a critical and reproducible evaluation, in terms of comfort

. . and energy consumption, of several state-of-the-art DRL algorithms
httD.//dOLOrQ/lo. 1007/810462-024-10819-X for HVAC control. The study examines the controllers’ robustness,
" =~ adaptability, and trade-off between optimization goals by using the Six-
ERGYM framework. The results obtained confirm the potential of DRL
algorithms, such as SAC and TD3, in complex scenarios and reveal
several challenges related to generalization and incremental learning.

Keoywords: Reinforcement Learning, HVAC, Bullding Encrgy Optimization,
Sinergym
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| Experimentacion

e Edificios:

Dimensiones Equipamiento

e Algoritmos: 5 ,
(4 exteriores, 1 464.5152 m DX VAV
. interior)
}{:]e Control reactivo
PPO Policy-based Datacenter 2 491.3 m? DX VAV

Actor-critic

Actor-critic

® Cl Imas.: Localizacion T2 media Humedad

relativa

Arizona

dry (USA)
Mixed Nueva York
12.6°C 68.5%
humid (USA) ’
Cool i
: Washington 9.32C 81.1%
marine (USA) (b) 2ZONEDATACENTERH VAC representation

= GOBIERNO MINISTERIO Transformacién
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| Experimentacion

Table 2: Observation variables in 2ZoNEDATACENTERHVAC
hlin.

Variables observadas

2
¥

Variable name

. ., Site Outdoor Alr Dryvbulb Temperature —5. 10" 5. 107
(eSpaClo de observaC|0n) Site Outdoor Air Relative Humidity —5-10° 5.10°
Site Wind Speed -5 10*  5.10%
] . ] Site Wind Direction 5. 10% 5.10%
Table 1: Observation variables in 5ZONEAUTODX VAV Site Diffuse Solar Radiation Rate per Area -5.10° 5.10°
Site Direct Solar Radiation Rate per Area -5.10%  5.10%
Variable name Max. Min. West Zone Thermostat Heating Setpoint Temperature =5.10°  5.10%
Site Outdoor Air Drybulb Temperature —5-10% .10 West Zone Thermostat Cooling Setpoint Temperature =5 10° 5. 10°
Site Outdoor Air Relative Humidity -5-10° 5.10° West Zone Air Temperature ~5.-10° 5.10°
Site Wind Speed —5.10° &5.10° 1\-:-:':-;t Zone Tlherma.] {I:'-mnl'urr, IMIr_'un Radiant Temperature =5 lU::: G l'L!:-:
Site Wind Direction -5.10° 5.10° ::}‘*“ zzﬁ"“ ?‘:T Hfli;tgc I:-“““:_!‘Illyl vl -5 :gﬁ 5 lgﬁ
Site Diffuse Solar Radiation Rate per Area =5:100 6100 West Zone Thermal Comfort Fanger Model PPD 5100 5100
Site Direct Solar Radiation Rate per Area -5-10%  5-10° West Zone Peonle Oceunant Co il e
Zone Thermostat Heating Setpoint Temperature —5.10°  5.10° est Zone Feople Liceupant Lount o IUG . ll.lu
Zone The tat Cooll ]‘gs .lp int T p1 ture _% . 100 5. 10° West People Air Tu:|r|)::ratll|r:: . =5 Iﬂu 5. Iﬂu
s Lhermogtat Locling Satpoint Tamperatura 9 . i ; East Zone Thermostat Heating Setpoint Temperature -5 10 5. 10
Zone Air Temperature =5+ 10 510 East Zone Thermostat Cooling Setpoint Temperature —5.10% 5. 108
Zone Thermal Comfort Mean Radiant Temperature  —5-10° 5. 108 East Zone Alr Temperature =510 510"
Zone Air Relative Humidity —5.-10° 5.10° East Zone Thermal Comfort Mean Radiant Temperature =510 5. 10"
Zone Thermal Comfort Clothing Value —5. 10" 5. 10° East Zone Air Relative Humidity =5 Iﬂ:; G- H-'z
Zone Thermal Comfort Fanger Model PPD —5.10° 5.10" East Zone _1\]“3""” Comfort Clothing Value =510 & mu
Zone People Oceupant Count —5.10° 5. 108 ['.uat ?unc Thermal Comfort Fanger Model PPD =5 lll.l:"'j 5. H.Ilﬁ
People Air Temperature —5.10° 5. 10° Enst Zone People Occupant Count =5 lﬂr 5 lﬂr
Tl Thns ] P el Thas e e East People Air Temperature =510 5107
?l“ht}t Total HVAC Electricity Demand Rate . 510 ;ﬂ"lfi-j Facility Total HVAC Electricity Demand Rate —5 . 10% 5. 10%
(UFTent year - Current year 1 2050
Current month 1 3‘1 Current month 1 31
Current day 1 12 Current day 1 12
Current hour 0 23 Current hour i} 23

Temperatura, viento, humedad, radiacion solar, ocupacién, hora, fecha, consumo...
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| Experimentacion

Variables controladas
(espacio de acciones)

Table 3: Action variables for 5SZONEAUTODX VAV

Variable name Max. Min.
Zone Thermostat Heating Setpoint Temperature 15 22.5
Zone Thermostat Cooling Setpoint Temperature  22.5 30

Table 4: Action variables for 2ZONEDATACENTERHVAC

Variable name Max. Min.
East Zone Thermostat Heating Setpoint Temperature 15 22.5
East Zone Thermostat Cooling Setpoint Temperature 22.5 30
West Zone Thermostat Heating Setpoint Temperature 15 22.5
West Zone Thermostat Cooling Setpoint Temperature  22.5 30

Setpoints (valores de consigna para calefaccion y refrigeracion)
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| Experimentacion

Funcion derecompensa

re=—wAp Po—(1—w) Ar (| Tt — Tup |+ + | Tt — Tiow |+)

Ponderacion (w): 50% — 50%
AP y AT — factores de escala
Pt — potencia consumida (w)
Tt — temperatura interior

Tup, Tlow— limites de confort
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| Experimentacién: Metodologia

/ 1. RBC vs. DRL comparison \

2. Robustness test M 5ZoneAutoDXVAV
RBC| |PPO| | SAC| | TD3
Best DAL 3. Curriculum learning test 5ZoneAut oDXVAV
model
5ZoneAutoDXVAV 2ZoneDataCenterHVAC '
::§:: ZopS 71\ M 5ZoneAutoDXVAV
Cool Mixed Hot 2
weather ~ weather  weather > 4. Comfort-consqmptuon
- trade-off experiments
2ZoneDataCenterHVAC

,
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| Experimentacion

Configuracion

Episodios de entrenamiento: 20

( & G rT‘IH&SiLjr“‘I_\I
» 1 episodio =1 ano simulado & Gy |

- |— IR
Dl

Métricas de evaluacion: Agent ( sinergym o

Building
 Recompensa media por episodio / * < simulator
 Consumo medio al
* % de tiempo bajo violacion de confort ﬁ % ol a

Rangos definidos por ASHRAE Bulding  Weather  Variables

Interacciones agente — entorno cada 15 minutos
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| Resultados

Mean episode rewards
I Gl T Bt
i —_ = 23 — o4 —— ==
034 —— aal—— " = asd =
i B 04 -
PO SAC TOA RBC [ AAND 1] 08
] § ool . . — | T : T Rl . | I
Mean episode rewards PO BAC  TDD ADG  FAND PO i O3 0BG AR PRO SAC  TDD PMOC  FAND
[ Codl ] Mined [ Hot Mean powes demand per episode
0. —— — — 2 — — — =
([ e — - . R ——
054 10+ 1ad /e g}_y_\-]. —_ —— - o e o —_—
EE?: A2 AE %mm‘ —_—— 5000 —— m__ —_— —3—
j ol | s | [ - ] -
PPO  BAC TD3  RBC  RAND PPD SAC  TD3  RBC  AAND PPO  SAC TD3  RBC  RAND 2a00 50 —_—
- PRO SAG  TDD  RBG  RAND FPO SAC T3 FBGC  RAND PPO SAG  TDD  RBG  RAND
Mean power demand per episode % of time under comfort vickation during episod
Caal M ot [
Em. 190004 —— - R T e E Caond — m[ Mlivadl — ok —
= i 185004 ) %1
E TH004 1 - —— P00 — 54 5 5
| ———— R} L] - — S
70001 — 175004 — 26000 ¥ wd - ol
E"m" 1 — — 17000 gm__ _— . —_—— . —a— | —_——
- 240004 —— . 1 " - N N v . = " i v + " = 1
PO SAC TE—J P e . e £ TE:I ABC  RAND PPO  SAC  TD3  RBC  AAND e AT EEG S RRD Fra o me T e AR s T REG RRD
% of lime undar conmitr! uiclation during apissdes Fig. 5: Results for 20 evaluation episodes in 5ZONEAUTODX VAV
F i ] Mixnd [ Het
Es:l = | &0 ™ | —
&0 FTT | 40 . -
i — N ) TD3y SAC obtienen los mejores
= T '3": = v T v 0 v v T ( i i I
| O N Sl S resultados (similares o superiores a

Fig. 6: Results for 20 evaluation episodes in 2Z0NEDATACENTERHVAC RBC en la mayoria de escenarlos)
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| Resultados

e TD3
e Datacenter
e Hottemp

Temperaturas dentro

de los limites de
confort definidos
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— Qutdoor Air Drybulb Temperature — Zone Air Temperature (West Zone)

Temperature (*C)

Jan F ;b Mar A;r M‘ay J;n J:;I A:}Q SQ'.‘D O'a N;)v D;c

2ZoneDataCenterHVAC East Zone

— Qutdoor Air Drybulb Temperature Zone Air Temperature (East Zone)
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| Resultados

e SAC
e 5Z0ne
e Mixed temp.

Adaptacion a
cambios estacionales

de los limites de
confort
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| Resultados

EJ SAC25%coml. £ SAC 50%coml. ] SACTS%coml. £ SAC 100% comt.

Mean episode rewards

e SAC Coal Mixed Hat
7
022 —t— —— 1 I D454 e —
° 0.34 = ¢ 4 ——
5Zone : | o
. 023 .15 4
e Mixed temp. § our ]
024 1,368 <
c 0,48 1
E 0254 * 3T $ +
SAC 25% coml. SAC 50% comi SAC 75%coml SAC 100% comi SAC 25% coml. SAC 50% comi, SAC 75% coml. SAC 100% comt SAC 25% coml SAC 50% comi, SAC 75% coml. SAC 100% comt
Pruebas con Mean power demand per episode

diferentes . Goal ] Mised =
ponderaciones 5 | = o) — == T ™ ——
confort-consumo E:ZE: == = 1001 '

5000 ] $ 5700

SAC D5% comb  BAC 50% saml SAC 75% comi SAC 100% some SAC 255 conil, SAC S0% oML SAC 75% coml SAC 100% saml. GAC 25% coml. SAC 50% coml  SAC T5% somf. SAC 100% sami,

% of time under comfort violation during episodes
Coal [ Misad Hot

£ — ———
,E 65 B4 75
60 =1
3 - 704
——
¥ 55 5 ——
- ——
e &5 4
§ 50 —_—— o0 e —
T S—
S SAC 25% coml  SAC 50% coml  SAC T5% coml  SAC 100% coml. SAC 25% comf.  SAC 50% coml. SAC T5% coml. SAC 100% coml. SAC 25% coml.  SAC 50% coml.  SAC 75% coml  SAC 100% coml

z * * . 3 - e
PARA LA TRANSICION -+ |l1aUnién Europea i %3 e || EE Acuri eI e— SECRETARiA DE ESTADO Transformacién
y Resiliencia

E INTELIGENCIA ARTIFICIAL

INTELIGENCIA ARTIFICIAL Financiado por I 22 *TJ Plan de Recuperacion,
*
“«H .

ENERGETICA SOSTENIBLE NextGenerationEU y { Y TRANSFORMACION DIGITAL

Financiado por el Ministerio de Asuntos Econdmicosy Transformacioén Digital dentro del proyecto IA4TES MIA.2021.M04.0008



| Conclusiones

Los agentes basados en RL pueden alcanzar/superar el rendimiento de RBCs.
« La complejidad del edificio es un factor importante a considerar.

Peor rendimiento cuando el agente es desplegado en un entorno con condiciones diferentes a las
empleadas en su entrenamiento.

« Gran dependencia de los hiperparametros (!)
La funcion de recompensa es efectivay permite incorporar otros criterios que guien el aprendizaje.

El despliegue en entornos reales sigue siendo un reto a abordar (!)
* Necesario que las variables observadas/controladas sean similares a las del entrenamiento.
» El agente debe sequir aprendiendo una vez desplegado.
« Explicabilidad (!)
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