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Context	  of	  the	  work	  

2	  
BERA	  -‐	  Demand	  Response	  Seminar	  

o  2012:	   Electrabel	   and	   ULg	   launched	   the	   ProCEBaR	  
project	  

o  Objec@ve:	   evaluaTng	   the	   impact	   of	   new	  HVAC	   and	   µ-‐
CHP	  technologies	  as	  well	  as	  building	  shellimprovements	  
on	   the	   evoluTon	   of	   the	   demand	   profiles	   of	   final	  
energies	  (gas/electricity).	  

ü  For	  residen@al	  buildings	  
ü  At	  the	  Belgium	  level	  

ü  2030	  horizon	  	  
ü  For	  different	  scenarii	  

o  2015:	  ProCEBaR	  tool	  has	  been	  used	  to	  invesTgate	  DSM	  
strategies	  at	  naTonal	  level.	  
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Content	  of	  the	  presentaTon	  
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BERA	  -‐	  Demand	  Response	  Seminar	  

1.  Context 

2.  Residential building stock energy model 

3.  Scenarii until 2030 

a.  Business as usual 

b.  Heavy retrofit 

c.  Massive introduction of heat pumps 

d.  Heat pumps + TES + DSM 

4.  Conclusions 
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BERA	  -‐	  Demand	  Response	  Seminar	  

	  
	  

Micro analysis 

Set  
of 

Typical 
Buildings  

Macro scale 

ResidenTal	  building	  stock	  energy	  model	  
Bo6om-‐up	  approach	  
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ResidenTal	  building	  stock	  energy	  model	  
Descrip<on	  of	  the	  Belgian	  residen<al	  building	  stock	  
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BERA	  -‐	  Demand	  Response	  Seminar	  

 

Year of construction 

Type of building 

Envelope insulation 

Space heating  

Domestic hot water 

% of the stock? 

<1945 

 1946-1970 

1971-1990 

1990-2006 

>2007 

912	  
buildings	  
in	  2010	  
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ResidenTal	  building	  stock	  energy	  model	  
Simula<on	  of	  buildings	  and	  systems	  

	  	  

6	  
BERA	  -‐	  Demand	  Response	  Seminar	  
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Scenarii	  unTl	  2030	  
Business	  as	  usual	  scenario	  (BAU)	  
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BERA	  -‐	  Demand	  Response	  Seminar	  

ü  DemoliTon/construcTon:	  	  0.075%/	  0.9%	  per	  year,	  
ü  Retrofit:	  0.8%	  light	  and	  0.5%	  heavy	  renovaTon	  per	  year,	  
ü  Improvement	  in	  appliances	  consumpTons.	  
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Scenarii	  unTl	  2030	  
Heavy	  retrofit	  
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BERA	  -‐	  Demand	  Response	  Seminar	  

ü  Heavy	  retrofit	  of	  the	  envelope:	  1.5%/year	  
⇒ The	  percentage	  of	  houses	  heavily	  renovated	  between	  2010	  and	  2030	  

reaches	  25%	  

	  

30%	  final	  energy	  saving	  	  
20%	  less	  CO2	  emissions	  

compared	  to	  2010	  
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Scenarii	  unTl	  2030	  
Heat	  pumps	  	  
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BERA	  -‐	  Demand	  Response	  Seminar	  

ü Maximum	  penetraTon	  rate	  esTmated	  to	  55%	  
⇒ Equivalent	  to	  replacing	  35%	  of	  the	  installed	  heaTng	  power	  of	  the	  

building	  stock	  
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5.8	  t	  CO2/dwelling 4.9	  t	  CO2/dwelling

21.5	  MWh/dwelling 18.3	  MWh/dwelling

BAU 55%	  HP

Building	  stock	  energy	  consumption	  -‐
BAU	  vs	  Heat	  Pump	  Scenario	  (55%)

Other

Fuel

Gas

Electricity

-‐ 15%	  reduc@on	  in	  final	  energy	  
consump@on	  and	  12%	  reduc@on	  
in	  CO2	  emissions	  
-‐ Electricity	  share	  increased	  from	  
16%	  to	  26%	  
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Scenarii	  unTl	  2030	  
Heat	  pumps	  	  
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BERA	  -‐	  Demand	  Response	  Seminar	  

=>	  Important	  increase	  in	  winter	  peak	  consumpTon	  
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Average	  day	  of	  January	  

BAU	   54%	  HP	   10%	  HP	   25%	  HP	  

186%	  increase	  in	  peak	  demand	  for	  an	  average	  day	  of	  January	  
=>	  Load	  management	  is	  essen@al	  
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Scenarii	  unTl	  2030	  
Heat	  pumps	  +	  TES	  +	  DSM	  
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BERA	  -‐	  Demand	  Response	  Seminar	  

Topology:	  Parallel	  integra@on	  by	  Two-‐pipe	  connec@on	  

•  Priority	  given	  to	  DHW	  

•  Energy	  stored	  in	  the	  SH	  tank	  during	  low	  costs	  periods	  (high	  RES	  penetraTon)	  
and	  retrieved	  during	  high	  costs	  ones:	  

cost ≤ costlow1

1

If	  	   	   	  	  	  	  	  	  	  	  	  	  	   	  :	  remaining	  part	  of	  the	  nominal	  power	  used	  to	  load	  the	  SH	  tank	  
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Scenarii	  unTl	  2030	  
Heat	  pumps	  +	  TES	  +	  DSM	  
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BERA	  -‐	  Demand	  Response	  Seminar	  

Topology:	  Parallel	  integra@on	  by	  Two-‐pipe	  connec@on	  

•  Priority	  given	  to	  DHW	  

•  Energy	  stored	  in	  the	  SH	  tank	  during	  low	  costs	  periods	  (high	  RES	  penetraTon)	  
and	  retrieved	  during	  high	  costs	  ones:	  

cost ≤ costlow1 If	  	   	   	  	  	  	  	  	  	  	  	  	  	   	  :	  remaining	  part	  of	  the	  nominal	  power	  used	  to	  load	  the	  SH	  tank	  

2

costlow < cost < costhigh2 If 	   	   	   	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   	   	  :	  SH	  tank	  neither	  unloaded	  nor	  loaded:	  direct	  supply	  
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Scenarii	  unTl	  2030	  
Heat	  pumps	  +	  TES	  +	  DSM	  
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BERA	  -‐	  Demand	  Response	  Seminar	  

Topology:	  Parallel	  integra@on	  by	  Two-‐pipe	  connec@on	  

•  Priority	  given	  to	  DHW	  

•  Energy	  stored	  in	  the	  SH	  tank	  during	  low	  costs	  periods	  (high	  RES	  penetraTon)	  
and	  retrieved	  during	  high	  costs	  ones:	  

cost ≤ costlow1 If	  	   	   	  	  	  	  	  	  	  	  	  	  	   	  :	  remaining	  part	  of	  the	  nominal	  power	  used	  to	  load	  the	  SH	  tank	  

3

costlow < cost < costhigh2 If 	   	   	   	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   	   	  :	  SH	  tank	  neither	  unloaded	  nor	  loaded:	  direct	  supply	  

(cost ≥ costhigh )& QT > Qsu,dwelling
3 If	  	   	   	   	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   	  :	  Energy	  stored	  in	  the	  tank	  used	  to	  heat	  the	  house	  
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Heat	  pumps	  +	  TES	  +	  DSM	  
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BERA	  -‐	  Demand	  Response	  Seminar	  

Topology:	  Parallel	  integra@on	  by	  Two-‐pipe	  connec@on	  

•  Priority	  given	  to	  DHW	  

•  Energy	  stored	  in	  the	  SH	  tank	  during	  low	  costs	  periods	  (high	  RES	  penetraTon)	  
and	  retrieved	  during	  high	  costs	  ones:	  

cost ≤ costlow1 If	  	   	   	  	  	  	  	  	  	  	  	  	  	   	  :	  remaining	  part	  of	  the	  nominal	  power	  used	  to	  load	  the	  SH	  tank	  

4

costlow < cost < costhigh2 If 	   	   	   	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   	   	  :	  SH	  tank	  neither	  unloaded	  nor	  loaded:	  direct	  supply	  

(cost ≥ costhigh )& QT > Qsu,dwelling
3 If	  	   	   	   	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   	  :	  Energy	  stored	  in	  the	  tank	  used	  to	  heat	  the	  house	  

(cost ≥ costhigh )& QT < Qsu,dwelling4 If 	   	   	   	   	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   	  :	  SH	  tank	  unable	  to	  supply	  the	  dwelling	  on	  its	  own:	  HP	  used	  
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Scenarii	  unTl	  2030	  
Heat	  pumps	  +	  TES	  +	  DSM	  
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Topology:	  Parallel	  integra@on	  by	  Two-‐pipe	  connec@on:	  improvement	  

•  Purpose:	  Improving	  flexibility	  potenTal	  by	  taking	  more	  advantage	  of	  the	  stored	  energy	  in	  the	  SH	  
tank	  

(cost ≥ costhigh )& QT < Qsu,dwellingè  If	   	   	  	  	  	  

If	  Ttank>Treturn:	  energy	  stored	  in	  the	  tank	  used	  to	  lighten	  the	  HP	  work	  
è	  HP	  providing	  the	  power	  to	  go	  from	  TtankàTwater,law	  instead	  of	  Treturnà	  Twater,law	  

4‘’	  

4‘	  

è 	   	   	   	  	  	  	  

4
4‘’	  4‘	  

If	  Ttank<Treturn:	  HP	  used	  exclusively 	  	  
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Heat	  pumps	  +	  TES	  +	  	  DSM	  
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1.  Dynamic	  price	  TOU/Real	  @me	  pricing	  (RTP):	  
	  =	  cost	  of	  energy	  (fluctuaTng)	  +	  fixed	  charges	  	  
	  BUT	  à	  fluctuaTon	  of	  cost	  of	  energy	  =	  small	  amount	  of	  final	  cost	  

	  è	  Spot	  market	  signal	  too	  weak	  to	  trigger	  DSM	  

2.  Dynamic	  Mul@plica@ve	  tariff:	  final	  retail	  price	  calculated	  by	  mulTplying	  day-‐ahead	  spot	  price	  
(residenTal	  tariff)	  

	  Aim:	  stronger	  market	  signal	  by	  considering	  Dynamic	  
RES	  surcharges	  (v.s.	  staTc):	  
•  Low	  RES	  surcharges	  at	  low	  energy	  price	  
•  High	  RES	  surcharges	  at	  high	  energy	  price	  

è Bundesnetagentur	  proposal	  
	  	  

Which	  dynamic	  electricity	  tariff	  to	  sufficiently	  trigger	  the	  DSM?	  



Laboratoire	  de	  
Thermodynamique	  

Scenarii	  unTl	  2030	  
Heat	  pumps	  +	  TES	  +	  DSM	  

•  Generalisa@on:	  dwellings	  equipped	  with	  HP	  +	  no	  coordina@on	  
	  
	  

– No	  coordina@on:	  all	  consumers	  react	  simultaneously	  to	  the	  same	  cost	  signal	  

Avg. Cost 
[€/dw/year] 

Avg. Annual elec. 
Cons. [kWh/dw/year] 

Peak 
[kW] 

Reference 1398.9 3783.7 3.51 

2-pipe 0.45[m3] -4.4% +2.4% +31% 

2-pipe: Impr. 0.45[m3] -5.8% +2.4% +31% 

2-pipe: Impr. 1.5[m3] -11.6% +5.3% +37% 

• Two-‐pipe	  (Impr)	  &	  larger	  SH	  tank	  volume	  à	  cost	  savings	  ↑	  

• OverconsumpTon	  but	  limited	  (i.e.	  thermal	  losses)	  

• Peak	  issues	  parTally	  explained	  by	  no	  coordina<on:	  when	  cost<costlow,	  all	  building	  managers	  acTvate	  
their	  HP	  to	  store	  energy	  	  



Laboratoire	  de	  
Thermodynamique	  
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Heat	  pumps	  +	  TES	  +	  DSM	  

•  Generalisa@on:	  dwellings	  equipped	  with	  HP	  +	  no	  coordina@on	  

– ConsumpTon	  ↓	  at	  high	  cost	  periods	  and	  ↑	  at	  low	  cost	  periods	  à	  load-‐shioing	  

– Load-‐shioing	  and	  peak	  issues	  emphasized	  with	  larger	  SH	  tank	  



Laboratoire	  de	  
Thermodynamique	  

Scenarii	  unTl	  2030	  
Heat	  pumps	  +	  TES	  +	  DSM	  

•  Generalisa@on:	  dwellings	  equipped	  with	  HP	  +	  coordina@on	  
è Coord./Alloca@on	  between	  consumers:	  temporizing	  the	  percepTon	  of	  the	  low	  cost	  signal	  à	  
consumers	  will	  NOT	  simultaneously	  acTvate	  their	  HP	  to	  store	  energy	  

19	  

Avg. Cost 
[€/dw/year] 

Avg. Annual elec. 
Cons. [kWh/dw/year] 

Peak 
[kW] 

2-pipe: Imp – No coord -5.8% +2.4% +31% 

2-pipe: Imp – Coord (1h30) -5.8% +2.4% +19% 

•  Cost	  savings	  and	  consumpTon	  not	  greatly	  influenced	  

•  BUT	  significant	  decrease	  of	  the	  peak	  demand	  
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•  Generalisa@on	  to	  the	  whole	  tree-‐structure	  
«	  Can	  dwellings	  equipped	  with	  HPs	  and	  controlled	  by	  flexible	  strategies	  (TES)	  impact	  sufficiently	  the	  
na<onal	  electricity	  demand	  curve	  to	  fulfill	  the	  flexibility	  purpose?	  »	  

è 	  GeneralisaTon	  to	  the	  whole	  Belgian	  tree-‐structure:	  max	  HP	  penetraTon	  rate	  in	  2030:	  58.65%	  

è 	  Similar	  conclusions	  

Heat	  pump	  penetra<on	  [%]	   Heat	  pump	  penetra<on	  [%]	  

Heat	  pump	  w/o	  flexibility	   Heat	  pump	  +	  TES	  +	  DSM	  
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Source:	  Electrabel	  
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• 	  A	  simulaTon	  model	  of	  the	  Belgian	  residenTal	  building	  stock	  has	  been	  
developed	  	  

	  
• 	  	  	  Scenarios:	  

o  BAU:	  improvement	  at	  the	  average	  building	  level	  is	  significant,	  but	  due	  to	  the	  increase	  in	  the	  
number	  of	  dwellings,	  the	  total	  final	  energy	  consumpTon	  and	  CO2	  emissions	  remain	  
sensiTvely	  similar.	  	  

o  Heavy	  retrofit	  of	  the	  building	  envelopes:	  20%	  	  reducTon	  	  in	  	  CO2	  	  emissions	  	  were	  	  
observed	  	  for	  	  the	  	  overall	  	  building	  stock,	  compared	  to	  2010.	  

o  Heat	  pumps:	  the	  	  final	  	  energy	  saving	  	  only	  	  represented	  	  15%	  and	  important	  increase	  in	  
winter	  electricity	  peaks	  =>	  Need	  for	  load	  management	  strategies	  

o  Heat	  pump	  +	  TES	  +	  DSM:	  
ü  Over-‐consumpTon	  (2.4%	  @	  0.45[m3]	  &	  5.6%	  @	  1.5[m3])	  
ü  Costs	  savings	  (5.8%	  @	  0.45[m3]	  &	  11.6%	  @	  1.5[m3])	  due	  to	  load	  shioing	  to	  off-‐peak	  

hours	  
ü  Shioed	  volumes	  emphasized	  with	  larger	  SH	  tank	  volumes	  
ü  Peak	  issues	  (suggested	  soluTon:	  coordinaTon	  between	  consumers)	  
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Thank	  you!	  
Any	  ques<ons?	  


