
3 R D I N T E R N AT I O N A L C O N F E R E N C E  O N  

SMART ENERGY SYSTEMS AND 
4TH GENERATION DISTRICT HEATING

C O P E N H A G E N ,  1 2 – 1 3  S E P T E M B E R  2 0 1 7



3rd international conference on 
SMART ENERGY SYSTEMS AND 4TH GENERATION DISTRICT HEATING
Copenhagen, 12‐13 September 2017

Smart hybrid renewable energy for communities 
(SHREC)

Haichao Wang, Dr.  
Haichao.wang@aalto.fi; haichaowang@dlut.edu.cn

Aalto University, Dalian University 

Risto Lahdelma, Prof.  Aalto University

www.4dh.eu www.reinvestproject.eu www.heatroadmap.eu



Contents

3rd international conference on 
SMART ENERGY SYSTEMS AND 4TH GENERATION DISTRICT HEATING
Copenhagen, 12‐13 September 2017

1. Background
2. SHREC system
3. Modelling of one CHP
4. Modelling and optimization of SHREC 
5. Results and conclusion

www.4dh.eu www.reinvestproject.eu www.heatroadmap.eu



Background

3rd international conference on 
SMART ENERGY SYSTEMS AND 4TH GENERATION DISTRICT HEATING
Copenhagen, 12‐13 September 2017
www.4dh.eu www.reinvestproject.eu www.heatroadmap.eu

?



SHREC system

3rd international conference on 
SMART ENERGY SYSTEMS AND 4TH GENERATION DISTRICT HEATING
Copenhagen, 12‐13 September 2017
www.4dh.eu www.reinvestproject.eu www.heatroadmap.eu

Schematic energy flow in one model region, different regions may have different components 
and it is not necessaryt to have all components in one region. 

CHP – Combined heat and power;   DH – District heating;    HOB – Heat only boiler; 
HP – Heat pump; TES – Tehermal energy storage; EES – Electricity energy storage.
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Characteristic points and feasible operating region of a CHP.
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• Basic formulation for ONE CHP
– E.g. to minimize the energy production cost over a planning period.
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where,
J ‐ index set union (extreme points)

of CHP
cj ‐ cost  coefficient
xj ‐ decision variables in terms of  

extreme points of operating region
pj, qj – power and heat generation at  

characteristic point j
P,Q – power and heat demand 

• Long term planning  Hourly modelsLP



3rd international conference on 
SMART ENERGY SYSTEMS AND 4TH GENERATION DISTRICT HEATING
Copenhagen, 12‐13 September 2017
www.4dh.eu www.reinvestproject.eu www.heatroadmap.eu

min max

1,..., .
0, ,

0 1, , .

t
q q q

pq
j u

pq
j u

S S S

t T
x j J u U

x j J u U

 



  

   

Objective function

Convexity constraint

Power balance

Heat balance

Storage balance

Storage level constraint

Non‐negativity constraint

To minimize the overall costs of the net acquisition for heat and power in 
deregulated power market over a period.

Time steps

; max maxt
p p pS S S 

;

•Ramp
1

,( ) ( )t t
j j u j j u u rampp x p x p 

1

min , 1,..., .
u

T
t t

j j p G
t j J

Z c x c P t T
 

  
    

   
 

,

( )
q pq

u

t t t t
j j chr dis

j J u U U

q x q q Q
  

  

1j
j J

x




,

( )
p pq

u

t t t t t
j j chr dis G

j J u U U

p x p p P P
  

   

1t t t t
q qs q chr disS S q q    1t t t t

p ps p chr disS S p p   

Modelling and optimization of SHREC

LP2 was developed and 
used to solve this problem.
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1. Planning period
One week 

2. Model input data
Characteristic points of CHPs
Meteorological data 
Heat demands
Nordpool electricity price
Fuel price
Storage efficiency

3. Model output
Optimal planning and 
operation of each plant and 
TES
Total cost optimum

Modelling and optimization of SHREC
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(a) heat production vs heat demand

(b) power generation

(c) heat storage level and capacity

Model 
validation
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(a) heat production vs heat demand (b) Power generation

(c) Charging and discharging of TES

(d) TES capacity and storage level
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(a) Fuel consumption (b) Objective function

Weather Elec. Price Heat 
Demand

Optimal 
Operation

One day ahead Next day
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SHREC can be seen as part of 4DH or a step to realize it.

It is a very demanding task to design and operate the SHREC system. Therefore, a
mathematical planning mode was developed based on the CHP modelling technique and
a more efficient linear programming algorithm named LP2 was developed to solve it.

The developed model is more efficient for modelling and optimizing the SHREC system
and it can provide more detailed information on charging and discharging heat load and
fuel consumption of each plant, which are very important for operating the SHREC
system.

The modeling and optimization of the SHREC system in day ahead level is more
meaningful to facilitate an optimal real life operation rather than long term planning.
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Thank you for your attention


