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EPFL Buildings stock



▪Analyse

• What we want ?


▪ define variables ( ) : give a textual description


▪ define physical units : e.g. 


▪ define order of magnitude of expected value of  :  


• What we know : Write equations defining your knowledge !


▪  write the knowledge as a set of equations 


▪  are parameters of equation k


• What we have : collect the data : 


▪ values of  => reference, [physical units], comments


▪ add assumptions :  so that 


▪Generate 


• Find numerical value of  by solving the set of equations : , with  and  


▪ define the solving method

▪ define the convergence criteria


▪Interpret

• Verify that the value of  is meaningful for the application


▪Report

• Report the values (plots, tables, validity check) 

xi
[kJe /kJth]

xi ximin
≤ xi ≤ ximax

fk(xi, πk, j) = 0
πk, j

πk, j

fa(xi, πa, j) = 0 #k + #a = #i

xi fe(xi, πe, j) = 0 ximin
≤ xi ≤ ximax

fe = {fk, fa}

xi

AGIR : the methodology of a task 3



What are the needs ?

Power station

BuildingsElectricity ·EHeat,t

·Qb,ht,t
·Qb,lt,t

·Qb,cool,t

bht

∑
b

·Qb,ht,t

blt

∑
b

·Qb,lt,t

bcool

∑
b

·Qb,cool,t

Lake water


Electricity ·ENeeds,tElectricity ·Ebill,t

·Eheat,t = COPht,t

bht

∑
b

·Qb,ht,t + COPlt,t

blt

∑
b

·Qb,lt,t

·mwater,t ⋅ cp ⋅ (TLake,t − TLakeReturn,t)

[kW]·Eb,t

 [kW] @  [C]

air renewal:  [kg/s]

·Qb,ht,t Tb,ht,t
·mair,b,t
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Buildings stock

Available :

Heating needs are defined by :

•  [kW] 

heat required by building b  
at time t of the year


•  [°C] 

Minimum temperature 
of the heat supply of building b 
at time t of the year

·Qb,t ∀b ∈ {1..nb}

Tsupply
b,t ∀b ∈ {1..nb}



▪  : Heat load of building  at time  of its life time
·Qb,t[kW ] b t

What we want ? 6



What do we have ? 7

3.6 Disentis

In regard to the performance indicators behaviours illustrated in Figure 12, the climatic region of Disentis
is represented through nk=7 typical operating periods (i.e. days), the minimum acceptable cluster size
being n

min
k =7. Figure 13 presents the original data of the Disentis DRY with the respective 7 typical

days and thus provides a graphical validation of the load curve durations. Finally, Table 17 provides a
comparison between the applied method and an empirical representative day selection approach based
on monthly average values.

Figure 12: Quality and performance indicators for Disentis

Figure 13: Load duration curve of the ambient temperature and global horizontal irradiation for Disentis
of original data and 7 typical periods extreme days. In background annual distribution of the original
data.

Table 17: Quality comparison between k-medoids and empirical period selection for Disentis

Typical Empirical
Deviation

No. periods 7 12

Attribute T GHI T GHI T GHI

ELDC 0.02 0.07 0.04 0.15 -0.5 -0.53
�cdc 0.05 0.04 0.08 0.05 -0.38 -0.2
�profile 0.03 0.06 0.03 0.08 0 -0.25

25

Text,t

Irrt

Figure 1.1: Occupancy profile per type of usage

• Uenv is the overall heat transfer coe�cient of the building envelope (W/(m2·K)) (unknown)

Ventilation characteristics

• mair = 2.5 (m3/(m2·h))

• cp,air = 1152 (J/(m3·K))

As there are two main unknowns remaining (kth and ksun), two equations are required to calculate the values
of the two heat transfer coe�cients. They can be deduced from the thermal load calculation (Equation 1.1).
This equation considers that the external heating (or cooling) required should compensate the heat losses
and gains, assuming that the building temperature is around the set point temperature, which is usually
21 °C.

At this stage you should have and present:

• the calculations of the heat gains from people (q̇people(t)) and appliances (Q̇el(t)) per hour, day
and year;

• the calculations of the heat gains from solar radiation (i̇(t)) per hour, day and year;

First equation - switching ON the heating system In practice, it is not necessary that the internal
temperature is exactly 21 °C at all times. Studies show that the notion of ‘thermal comfort’ vary from one
person to another, and a variation of ± 5°C around this set point can be accepted. In other words, the heating
system may be turned ON only if the external temperature is below 16 °C (heating demand Q+

th ”= 0), while
the cooling system may be turned ON (cooling demand Q≠

th ”= 0) only if the external temperature is above
26 °C. These temperatures are named the control cut-on temperatures, while the range 16-26 °C is sometimes
termed the dead band (Figure 1.2).

6

Building enveloppe

S [m2]

h [m]

Measurement

People presence 

Comfort Temperature  

capt

Tcomfort,t



What do we know ? 8

·QA,t[kW ] = ·EA,t
·QL,t[kW ] = ·EL,t
·QM,t[kW ] = ·qcap ⋅ ∑

cap

capt

·QI,t[kW ] = ·Irrt ⋅ ksun

·QR,t[kW ] = ∑
wall

kwall ⋅ Swall ⋅ (Tcomfort,t − Text,t)

Tcomfort,t

Text,t

·QV,t[kW ] = ·mV ⋅ cpair ⋅ (Tcomfort,t − Text,t)
·mA = kv ⋅ ·mV

·QH,t[kW ] = ma x(0, ·QV,t + ·QR,t − ( ·QA,t + ·QL,t + ·QM,t + ·QI,t))

Our knowledge :


The model of the building envelop heat balance

Gains

Losses

Heat balance : 

what is the load to maintain the comfort temperature ?

·Qgain,t

·QV,t + ·QR,t = kth(Tcomfort,t − Text,t)



What we want : ·Qb(t)[kW] = ·QH(t) 9

3.6 Disentis

In regard to the performance indicators behaviours illustrated in Figure 12, the climatic region of Disentis
is represented through nk=7 typical operating periods (i.e. days), the minimum acceptable cluster size
being n

min
k =7. Figure 13 presents the original data of the Disentis DRY with the respective 7 typical

days and thus provides a graphical validation of the load curve durations. Finally, Table 17 provides a
comparison between the applied method and an empirical representative day selection approach based
on monthly average values.

Figure 12: Quality and performance indicators for Disentis

Figure 13: Load duration curve of the ambient temperature and global horizontal irradiation for Disentis
of original data and 7 typical periods extreme days. In background annual distribution of the original
data.

Table 17: Quality comparison between k-medoids and empirical period selection for Disentis

Typical Empirical
Deviation

No. periods 7 12

Attribute T GHI T GHI T GHI

ELDC 0.02 0.07 0.04 0.15 -0.5 -0.53
�cdc 0.05 0.04 0.08 0.05 -0.38 -0.2
�profile 0.03 0.06 0.03 0.08 0 -0.25

25

Text,t

Ir rt

·QH,t = m a x (0, ·QV,t + ·QR,t − ( ·QA,t + ·QL,t + ·QM,t + ·QI,t))

·QA,t = ·EA,t
·QL,t = ·EL,t
·QM,t = ·qcap ⋅ ∑

cap

capt

·QI,t = ·Irrt ⋅ ksun

·QR,t = ∑
wall

kwall ⋅ Swall ⋅ (Tcomfort,t − Text,t)

·QV,t = ·mV ⋅ cpair ⋅ (Tcomfort,t − Text,t)

·QH(t) = max(0,kth ⋅ (Tcomfort,t − Text,t) − ksun ⋅ ·Irrt − ·Qgain,t)

QH(t0, tend) = ∫
tend

t0

·QH,t ⋅ dt = ∫
tend

t0

max(0,kth ⋅ (Tcomfort,t − Text,t) − ksun ⋅ ·Irrt − ·Qgain,t) ⋅ dt



▪ 


▪  : parameters for calculation the need k

▪ assumptions & knowledge

▪ from the description of the Physical/Chemical phenomena


▪ observations => parameter fitting


▪  : variables defining the environment applying to the need k

▪ observations

Needk,t = f(πk, xk,i,t)
πk

xi,k,t

Typical formulation of the needs 10



Temperature of the heat supply 11

Ts,tTr,t

·QH,t = ·mhd,t ⋅ cphd ⋅ (Ts,t − Tr,t)

UAhd = ·QH,design ⋅
ln(Ts,design − Tcomfort,design) − ln(Tr,design − Tcomfort,design)

(Ts,design − Tr,design)

Temperatures of the heat distribution (hd) system:

supply  and return  can be calculatedTs,t Tr,t

Tr,t = Ts,t −
·QH,t

·mhd,t ⋅ cphd

 is calculated by solving


 


with  calculated from the design conditions 

Ts,t

·QH,t = UAhd
(Ts,t − Tr,t)

ln(Ts,t − Tcomfort,t) − ln(Tr,t − Tcomfort,t)

UAhd

For each building and each time will obtain the minimum supply and return temperatures of the building.



State the problem to be solved : what needs to be calculated 12

QH(t0, tend) = ∫
tend

t0

·QH,t ⋅ dt = ∫
tend

t0

max(0,kth ⋅ (Tcomfort,t − Text,t) − ksun ⋅ ·Irrt − ·Qgain,t) ⋅ dt

QH(January, December)(ksun, kth) − Q1 = 0
QH(February, March)(ksun, kth) − Q2 = 0

2 equations and  2 unknowns : ksun, kth

Calculate  if 

 
and 

  

ksun and kth

Q1 = QH(January, December)

Q2 = QH(February, March)

Activate your knowledge :


Solve a set of equations


F(X)=0


