
O	Que	es	Demand	Side	Management	DSM	?	

•  DSM	(gestión	del	lado	de	la	demanda)	es	definida	
como	todas	acciones	dirigidas	a	modificar	el	consumo	
final		de	electricidad	del	usuario.	

•  	Las	estrategias	de	DSM	son	principalmente	divididas	
en	tres	categorías:		
–  dispositivos	de	uso	final	energéticamente	eficientes;	
–  equipos,	sistemas	y	controles	adicionales	para	permitir	la	
conformación	de	la	carga	(por	ejemplo,	almacenamiento	de	
energía)	

–  comunicación	entre	usuarios	finales	y	partes	externas	



•  Hoy	en	día	existe	un	creciente	interés	hacia	el	
aplicación	de	estrategias	de	gestión	del	lado	de	la	
demanda	(DSM)	en	el	sector	de	refrigeración	

•  Instituto	Internacional	de	Refrigeración	(IIR)	
estima	que	el	número	total	de	refrigeración,	aire	
acondicionado	y	bomba	de	calor	en	operación	en	
todo	el	mundo	es	de	aproximadamente	3	mil	
millones	de	unidades	

•  y	el	sector	consume	alrededor	del	17%	del	total	
electricidad	utilizada	en	todo	el	mundo	



Eficiencia	energética	

•  Se	puede	lograr	la	eficiencia	energética	de	varias	
maneras.		

•  la	elección	de	un	refrigerante	adecuado	sin	o	
bajo	impacto	ambiental;		

•  diseño	más	eficiente	de	componentes	
•  uso	de	nuevas	tecnologias	(VFR,	eyectores	...)	
•  aplicación	de	tecnologías	not	in	kind		
•  optimización	del	sistema	y	estrategias	de	control	
	



Almacenamiento	de	energía	

•  Almacenamiento	de	energía	térmica	para	modificar	la	
demanda	del	usuario	final		

•  El	almacenamiento	de	energía	(CTES)	normalmente	
puede	ser	por	meio	de	agua	helada.	almacenamiento	
(TES	sensible)	o	almacenamiento	de	hielo	(TES	latente)	

•  El	propósito	de	usar	un	TES	es	mejorar	el	equipo	de	
eficienciarefrigeración,	reducir	la	capacidad	instalada,	
aumentar	flexibilidad	operativa	y	reducir	los	costos	de	
energía	

•  El	“frío”	es	producido	durante	los	períodos	de	menor	
actividad	y	utilizado	durante	períodos	de	alta	demanda	
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storage strategy shifts the entire peak cooling load to off-peak 
hours. In a partial storage strategy, the load is partially 
supplied by the thermal storage and partially by the 
refrigeration unit. The chiller can be designed to operate as 
load levelling (Figure 3B) or demand limiting (Figure 3C). 
Partial storage is the most used configuration because of lower 
initial capital costs. It saves about 40-60% of peak cooling 
electricity demand. Full storage is interesting for short peak 
periods with very high costs for electricity production. The 
peak electricity demand can be reduced up to 80-90% [8]. In 
the same way, thermal energy storage systems can be used 
together with heat pumps for implementing demand side 
management strategies [9], such as peak shaving or night load 
shifting. These kind of applications can lead to energy bill 
reductions, even if generally the energy consumption increases 
because of thermal losses in the storage systems. 
 

 
 

Figure 3. CTES operational strategies [13].  
 

In alternative to the use of external storage tanks, also much 
more effective in buildings, thermal storage can be provided 
by the use of the building envelop thermal mass as passive or 
active energy storage [10]. It is considered active thermal 
storage e.g. the floor heating or TABs (thermally activated 
buildings) [11]: the floor is a large low temperature radiating 
surface while the concrete acts like a thermal storage heated 
by air, water or directly by electric resistances. The passive 
thermal storage due to the building envelope can be easily 
exploited by means of variable temperature set points, that can 
be adjusted in a certain range in order to keep the internal 
comfort and at the same time provide useful flexibility to the 
power system [12]. Moreover, PCM can be integrated within 
the building components and used passively, for pre-
cooling/heating and for reducing the thermal load request, or 
alternatively actively by charging and discharging them on the 
basis of a given strategy. 
 
3.1.3 Demand response 

Among the other devices, heat pumps are recognized as 
systems to be effectively used to implement demand response 
strategies in the smart grid. They are mainly aimed at three 
different purposes: (i) provision of ancillary services for the 
power grid, (ii) renewable energy sources (RES) integration, 
(iii) energy bill reduction for the final user [13]. 
(1) Ancillary services contain: voltage control, congestion 

management and provision of spinning and non-spinning 
reserve [13]. In voltage control applications heat pumps 

load is modified to guarantee that the distribution 
network voltage is maintained within the allowed limits: 
HP active power demand is decreased in times of local 
under-voltage and increased in times of over-voltage. 
The latter case can happen for example in presence of 
photovoltaic (PV) panels, feeding electricity in the grid. 
[14] demonstrates the positive role of heat pumps to 
reduce curtailment of electricity from PV panels. As far 
as congestion management in the distribution grid is 
concerned, heat pumps must be operated in an optimized 
scheduling and power rating in order to avoid limitations 
in the transformer and line capacity [13]. Eventually heat 
pumps can serve as spinning and non-spinning reserves 
used by the transmission system operator (TSO), i.e. as 
reserve capacity that can be regulated downward or 
upward to match demand and supply. Different strategies 
can be implemented with these reserves, such as peak 
clipping or valley filling. 

(2) Another important role played by heat pumps and the 
flexibility they provide, is related with the possibility to 
integrate renewable energy sources both at building level 
and at power system level. Mainly the RES considered 
are wind and PV. The work [15] shows how heat pumps 
coupled with thermal storage can increase the self-
consumption of PV electricity production in an industrial 
building. In this study, the tank operative conditions are 
analyzed in order to find the best configuration: up to 80% 
of PV electricity can be used to cover the thermal demand 
coming from the building. 

(3) Regarding energy bill reduction, electricity price signals 
are used to influence the final users’ consumption pattern. 
Mainly there are two types of tariff structures: Time of 
Use (TOU) tariffs, when they vary depending on the 
period of the day, and Real Time Pricing (RTP), that, 
instead, change continuously based on the electricity 
market price [16]. In this context, the heat pump demand 
can be adjusted with the intent of reducing electricity 
costs, improving the system performance, increasing 
RES integration or improving power system benefits (i.e. 
reducing total operational costs). It is evident how the 
final users and power system interests are strictly related. 

 
3.2 Household refrigerators 
 
3.2.1 Energy efficiency 

Increasing the energy efficiency of these devices acts on 
power systems energy conservation. There are different 
aspects to be addressed in order to increase a refrigerator 
performance, mainly: (i) compressors efficiency, (ii) thermal 
insulation and (iii) enhancement of heat exchangers heat 
transfer [17]. Compressor efficiency has a central role because 
almost 80% of refrigerators energy consumption comes from 
the compressor. In this sense, variable speed compressors and 
linear compressors have been considered to replace standard 
ON/OFF compressors, even if they still represent expensive 
solutions. As far as the thermal insulation is concerned, 
generally polyurethane boards are used, but they can be 
substituted by vacuum insulation panels (VIPs), four times 
more resistant to heat transfer. The last category of 
interventions about heat exchangers heat transfer enhancement 
includes: addition of a liquid-to-suction line heat exchanger; 
application of loop heat pipe evaporator; application of micro-
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Estrategia	de	Alamacenamiento	
•  En	una	estrategia	de	almacenamiento	parcial,	la	carga	
se	suministra	en	parte	por	almacenamiento	térmico	y	
en	parte	por	la	unidad	de	refrigeración.	

•  Ahorra	alrededor	del	40-60%	de	la	demanda	pico	de	
electricidad	de	enfriamiento.		

•  El	almacenamiento	completo	es	interesante	durante	
los	períodos	pico	cortos,	con	costos	muy	altos	de	
electricidad.		

•  Este	tipo	de	aplicación	puede	conducir	a	reducciones	
en	las	facturas	de	energía,	aunque	el	consumo	de	
energía	generalmente	aumenta	debido	a	las	pérdidas	
térmicas	en	los	sistemas	de	almacenamiento.	



Supermercados	y	almacenes	refrigerados.	
	•  En	los	supermercados,	gran	parte	del	consumo	de	

energía.	proviene	de	sistemas	de	refrigeración	(que	
pueden	ser	unidades	independientes,	unidades	de	
condensación	y	centralizadas	

•  Fuentes	de	carga	termica:	cantidad	de	calor	adquirido	
en	los	gabinetes	(que	depende	del	requisito	de	
temperatura	del	gabinete),	tasa	de	reemplazo	del	
producto,	temperatura	del	pasillo	del	gabinete,	
humedad	interna);	la	tasa	de	calor	rechazada	en	los	
condensadores		

•  Hay	una	falta	de	conciencia	energética		y	comunicación	
entre	los	gerentes	de	las	instalaciones,	el	personal	de	
mantenimiento	y	el	personal	de	la	tienda,	lo	que	hace	
que	muchos	supermercados	tengan	baja	eficiencia	
energética		



•  Algunos	estudios	han	demostrado	que	la	integración	de	
HVAC	y	refrigeración	en	un	supermercado	puede	conducir	
a	reducciones	en	el	consumo	de	energía.		

•  En	los	supermercados,	generalmente	hay	tres	niveles	de	
temperatura	diferentes,	correspondientes	a	unidades	de	
aire	acondicionado,	instalaciones	de	refrigeración	de	
temperatura	media	y	baja,	respectivamente,	por	lo	que	es	
posible	organizar	los	sistemas	de	acuerdo	con	un	diseño	en	
cascada.	

•  Los	resultados	de	la	investigación	muestran	que	el	uso	de	
los	ciclos	transcríticos	de	eyector	de	CO2	son	una	buena	
opción	para	soluciones	energéticamente	eficientes	y	
sostenibles	

Supermercados	y	almacenes	refrigerados.	



Almacenamiento	energía	en	refrigeración	
industrial	

	
•  Alimentos	congelados	almacenados	pueden	
ser	usados	como	almacenamiento	térmico	
pasivo,	lo	que	permite	un	aumento	de	
temperatura	de	5	°	C	(la	calidad	de	los	
alimentos	no	cambia	porque	la	temperatura	
siempre	es	<-18	°	C).		

•  Se	puede	lograr	cerca	de	50%	de	los	ahorros	
en	costos	de	energía.	


