
CONVERSION OF EXISTING DISTRICT HEATING TO 
LOW-TEMPERATURE OPERATION AND EXTENSION 

OF NEW AREAS OF BUILDINGS 

S O M A  M O H A M M A D I  

13 MARCH 2014 



• Why Low - Te mp e ratu re  D ist r i c t  He at in g  

• Ex ist in g  D ist r i c t  He at in g  Networks  

• By - p ass  Ap p l i cat ion  in  ex i st in g  d i st r i c t  h e at in g  Networks  

• Dist r i c t  He at ing  Networks  S imulat ion  

• Re a l - L i fe  D ist r i c t  He at in g  Network  

 

 

Outline 
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• B e caus e  o f  in cre as ing  th e  n umb er  o f  low -e n e rg y  an d  e ne rgy  
re n ovate d  b u i ld in g s  

• B e caus e  of  the  growing  de mand  for  incre as ing  the  share  o f  
re n ewab le  e n e rg y  s ou rce s  an d  waste  h e at  

 

 

I nt rod u c in g  4th  ge n e rat ion  o f  D ist r i c t  He at in g  i s  key   

(Su p p ly  an d  retu rn  te mp e ratu re  55 ° C  an d  25 ° C  re s p e ct ive ly )   

 

 

• Re d u ce  He at  los s  in  D ist r i c t  He at in g  Syste m  

• I n cre as e  Comb in e d  h e at  an d  Powe r  p lant ,  p owe r  ge n e rat ion  
cap ac i ty  an d  Ut i l i ze  d i re ct  f lu e  gas  con d e n s at ion  for  waste  h e at  
re cove r y  

 

Why Low-Temperature District Heating 
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I n  ord e r  to  imp leme nt  low  te mpe rature  d i st r i c t  he at in g  con cept  in  
ex i st in g  n etwork ,  th e re  are  two  s i tu at ion s  n e e d s  to  b e  con s id e re d :  

 

• Pe ak - h e at  load  p e r iod s /He at in g  s e as on  

 

• Low - h e at  load  p e r iod s /n on - he at in g  s e as on  

 

Existing District Heating Networks 
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P ro b lem :   

 

lowe r ing  the  te mperature  may  cause  costume rs  d i ssat is fact ion  at  
p e ak - de mand  p e r iods  in  ord er  to  p rov id e  the i r  s p ace  he at in g  
d e man d .  

 

P ro p osed  so lut ions :  

 

• I n cre as in g  th e  s u p p ly  te mp e ratu re  at  h ig h - d e man d  p e r iod s   

• loca l  te mp e ratu re  b oost in g .   

 

Peak-load periods 
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Ex ist ing  so lut ion:   

 

Curre nt ly  By- p ass  i s  app l ie d  in  

d ist r i c t  h e at in g  syste m.  

 

 

 
 

Low-heating load periods 
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• Hig h e r  He at  Los s  in  th e  n etworks  

 

• Incre as e d  return  f low  te mpe rature  

 

• Re d u c in g  Powe r  ge n e rat ion  cap ac i ty  in  comb in e d  h e at  an d  p ower  
p lants   

 

• Th e  By - pass  p rob lem  b e comes  more  cr i t i ca l  wh e n  i t  comes  to  low -
e n e rg y  b u i ld in gs  as  th e  s h are  o f  h e at  loss es  du e  to  by -pass  
op e rat ion  can  b e  ve r y  h ig h  re lat ive  to  th e i r  h e at  d e man d .  

Main disadvantages in Existing By-pass 
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• By - p ass  wate r  re c i rcu lat ion   

 

 

 

 

 

 

 
* *  d o u b l e  p i p e  s u p p l y  l e a d s  t o  t h e  h i g h e s t  n e t w o r k  h e a t  l o s s .  

H o w e v e r  t h e  c o n c l u s i o n  r e ga rd i n g  u s i n g  d o u b l e  p i p e  c a n  b e  d ra w n  a f te r  
f u r t h e r  n e t w o r k  t h e r m a l - e c o n o m i c  o p t i m i za t i o n .  

  

     

Recent Studies in By-pass application 
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Network Design Return 
temperature  

Recirculated by-pass 
temperature 

Heat loss 

Reference scenario (Traditional DHN) 35.5C - 12,78 kW 

By-pass water recirculation (Summer time) 22C 44C 18 kW 

Double pipe line supply (Winter time) 22C 
 

- ** 



• Use  o f  by - p ass  in  b athroom f lo o r  h e at ing -Cont inuous  by - p ass  

 

1. Te chno - e conomic  ana lys i s  o f  the  us e  o f  by - pas s  f low in  bathroom 
f loor  h e at in g  for  low e n e rg y  b u i ld in g s  

2 . Mod e l in g  in  h ou s e  th e  s p ace  h e at in g  syste m  

 

Re sul ts :  

 

1 . G u arantee  lo wer ing  th e  h e at  loss  f ro m th e  se r v ice  p ip es  

2 . In c rease th e  th e rmal  co mfo rt  o u ts ide th e  h e at ing  se ason in  
b ath room th ro ugh f lo o r  h e at ing  w i t  ve r y  l imi ted o ve rheat ing  
p ro b lems  

 

 

 

 

Recent Studies in By-pass application 
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• Loca l  te mp e ratu re  b oost in g  o f  d ome st ic  h ot  wate r  by  me an s  
e le ct r i ca l  h e ate r  or  h e at  p u mp  

 

• L oca l  h e at  s u p p ly  f rom s o lar  th e rmal  syste m in  th e  s u mme r  t ime   

 

Alternative By-pass strategies 
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Th e  p u rp os e  o f  th i s  stu d y  i s :  

 

To  deve lop  a  f lex ib le  too l  to  ca lcu late  hydrau l i c  and  the rmal  
b e h av ior  o f  d i st r i c t  h e at in g  n etwork .  

 

 in  ord e r  to :  

 

• F i n d i n g  o p t i m a l  s u p p l y  t e m p e ra t u re  i n  a n  ex i s t i n g  n e t w o r k s  a s  a  
f u n c t i o n  o f  D H N  h e a t  l o s s ,  p u m p  p o w e r  d e m a n d  a n d  re t u r n  t e m p e ra t u re  
fo r  a  ra n g e  o f  s u p p l y  t e m p e ra t u re s .  

 

• T h e  m o d e l  i s  u s e d  fo r  d e f i n i n g  l o c a l  t e m p e ra t u re  b o o s t i n g  a s  a l t e r n a t i v e  
s t ra t e g y  fo r  b y - p a s s  a p p l i c at i o n  a n d  a t  p e a k - l o a d  p e r i o d s .   

 

 

 

 

 

District Heating Modeling 
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• Th e  mod e l  i s  d eve lop e d  in  Mat lab .  

 

• I t  s tar ts  by  deve lop ing  a  s impl i f ie d  mode l  wi th  a  range  of  
as s u mpt ions .  

 

• Th e  mod e l  i s  va l id ate d  by  ap p ly in g  for  an  ex i st in g  re a l - l i fe  
d i st r i c t  h e at in g  n etworks .  

 

 

 

 

 

 

 

District Heating Modeling 
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District Heating Networks Simulation 
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Th e  mod e l  i s  b as e d  on  a  ps e u d o - d yn amic  ap p roach  wh e re as :   

  

• T h e  f low and  pre s s ure  are  ca lcu late d  us ing  a  stat i c  f low mode l .  

• Th e  te mp e ratu re  i s  ca lcu late d  d yn amica l ly  d e p e n d in g  on  th e  f low 
ve loc i ty  an d  s eve ra l  b ou n d ar y  con d i t ion s  l i ke  s o i l  an d  ou ts id e  
te mp e ratu re .   

 

Ma in  As s u mpt ion s :  

 

• Th e  f lu id  p ip e  f low i s  on e - d ime n s ion a l   

• Tu rb u le nt  f lu ctu at ion s  a re  n ot  con s id e re d   

• Th e  n etwork  i s  f re e  o f  le akage   

• Th e  f lu id  ch aracte r i st i cs  l i ke  d e n s i ty  an d  h e at  cap ac i ty  a re  
con stant   

 
 



G rap h  th e ory  i s  cons id ere d  to  be  the  b e st  
too l  for  n etwork  an a lys i s  

 

• T h e  D H  sy s t e m  i s  c o n s i d e re d  a s  a  c o l l e c t i o n  o f  
n o d e s  c o n n e c t e d  b y  d i re c t e d  e d g e s  ( p i p e s ) .   

 

• T h e  n e t w o r k  g ra p h  i n  a  m a t r i x  d a ta  s t r u c t u re  
c o n t a i n i n g  t h e  i n c i d e n c e  m a t r i xe s   a n d   

 

• M a t r i x  A  a s s o c i a t e s  e a c h  e d g e  w i t h  i t s  p a i r  o f  
n o d e s .  M a t r i x  B  d e s c r i b e s  t h e  l o ca t i o n  o f  t h e  
e d g e s  i n  e a c h  c i rc u i t .  

Hydraulic Calculation 
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        Nodes 
        Edges (Pipes) 



K i r c h h o f f ’s  c i r c u i t  l a w s  a r e  a p p l i e d  t o  b u i l d  t h e  e q u a t i o n s  d e s c r i b i n g  t h e  f l o w  
r a t e s  a n d  p r e s s u r e  l o s s e s  i n  t h e  n e t w o r k :   
 
• T h e  l a w  o f  c o n s e r v a t i o n  o f  m a s s :  t h e  t o t a l  a m o u n t  o f  f l o w  i n t o  o n e  n o d e  i s  

e q u a l  t o  t h e  t o t a l  a m o u n t  o f  f l o w  o u t  o f  i t :   
 

𝐴𝑉 = 0  
W i t h  t h e  f l o w  v e c t o r  𝑉 = {𝑉1 , 𝑉2

 , … , 𝑉𝑛 }  
 
• T h e  l a w  o f  c o n s e r v a t i o n  o f  e n e r g y :  t h e  s u m  o f  a l l  p r e s s u r e  d i f fe r e n c e s  

a l o n g  t h e  e d g e s  o f  o n e  c i r c u i t  i s  e q u a l  0 :   
 
 

𝐵∆p = 0  
W i t h  t h e  p r e s s u r e  d i f fe r e n c e  v e c t o r  ∆𝑝 = {∆𝑝1 , ∆𝑝2 , … , ∆𝑝𝑛 }  
 
* D a r c y - We i s b a c h  e q u a t i o n  i s  u s e d  fo r  p r e s s u r e  l o s s  c a l c u l a t i o n .   

Hydraulic Calculation 
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Te m p e ra t u re  p ro p a g a t i o n  w i t h i n  o n e  p i p e :  

 

C o nve c t ive  h e a t  f l o w  =  𝑄𝐾
 𝑥 = 𝑚 𝑥 . ℎ = 𝑚 𝑥 . 𝑐𝑝 . T  

H e a t  l o s s  f l o w  =  𝑑𝑄𝑉
 = 𝑘 . 𝑑𝑥 . (𝑇 − 𝑇𝑠𝑜𝑖 𝑙 )    

𝑚𝑐𝑝
𝛿𝑇

𝛿𝑡
= −𝑚 𝑥 . 𝑐𝑝 .

𝛿𝑇

𝛿𝑥
. 𝑑𝑥 −k . 𝑑𝑥 . (𝑇 − 𝑇𝑠𝑜𝑖 𝑙 )  

 

 

T h i s  p a r t i a l  d e fe re n t i a l  e q u a t i o n  d e s c r i b e s  t h e  t e m p e ra t u re  p ro p a g a t i o n  i n  
s m a l l  e l e m e n t .   T h e n  t h e  f i n i t e  e l e m e n t  m e t h o d  i s  a p p l i e d  t o  s o l v e  t h e  
e q u a t i o n  a n d  t o  o b t a i n  t h e  t e m p e ra t u re  p ro f i l e  a l o n g  t h e  p i p e .  

 

Thermal Calculation 
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Real-Life District Heating Network 

1 7  
4 D H  P H . D .  S E M I N A R  

A A L B O R G  U N I V E R S I T E T  

The model consists of 31,356 Km of main pipework trace.  
There are 1.441 consumers in the model.  
 
Each node has a load applied, which is calculated as the 
sum of the entire consumer loads connected to that 
node.  
 
There are 110 bypasses in the model. All bypasses are set 
on 65° C, and are assumed to have measuring tolerance 
on 2,5° C.  
 
To ensure accurate and fast calculation the network has 
been reviewed to eliminate short pipes and to combine 
adjacent pipes with the same dimension 

Harlev DHN which is used for simulation 
of its DHN in TERMIS 



• C o m p l e t e  t h e  s i m p l i f i e d  m o d e l  i n  M a t l a b  

• A p p l i e d  m o d e l  fo r  a  re a l - l i fe  n e t w o r k  a n d  va l i d a t e  t h e  m o d e l  

• O p t i m a l  s u p p l y  t e m p e ra t u re  

• Te m p e ra t u re  b o o s t i n g  a s  a l t e r n a t i v e  s o l u t i o n  fo r  b y - p a s s  a p p l i ca t i o n  

Next Steps 
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Thank You  
 

smo@et.aau.dk 
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