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=f*L. Hourly demand profiles

Estimation of Conduction & Ventilation Internal gains
AL Solar gain _AL

Qi (®) = A lleen(Tine — Toxe (£)) = Kok () — dg () — o1 QO

heat
gains/losses

External environment Ventilation & draughts

= —

Thermal mass |
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=L Calculation of building properties

Estimation of Conduction & Ventilation Internal gains
A Solar gain A

ch (t) =rﬂth {kth( — Text (f))\_ kmni(t) - 4

heat
gains/losses

)

v v

thermal losses solar radiation
and ventilation coefficient
coefficient

Unknown
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=PFL - Qutline Part1

Identification of typical heat and electricity demand per building

Task 1: Estimation of heat gains

Task 2: Calculation of building envelope
properties

Task 3: Calculation of the hourly demand

Task 4: Analysis on impact of renovation
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Task 5: Clustering of typical days




=PFL  Calculation of building thermal properties

- Heat transfer coefficients - Yearly heating demand
- Kk, - thermal losses of the building - Hourly heating demand
- Kksun - thermal gains by radiation - Switching the heating system on

o - Mean heat gains
Thermal load of building - Switching off the heating system

° ch = f(kth ’ l(sun, » Tint » Text » qpeople ) Qelec)

Attention: Properly identify the conditions

when the heating system is on/off

L Implement Newton-Raphson to numerically solve for K¢y, Ksun
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cPFL
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- Table 1.1: EPFL Buiklings 6
H Ibalding Constrint oo heated Annoal beat  Anuoad electricity
ea r y ea I ng (equatlon 1) previont* surface Ay (] demand Qo BWh|  desand Q. [KWH
B 2 10 RS | 8 S0
Co 2 1w 1T 0 b TR TASS
Be 2 10442 157861 @101
Bs 2 s CLRES] S0 860
TCV 2 s IS0 20T 6T
IN 2 29073 1200040 | AR 430
GC 1 W56 1465755 1975120
CE 1 16655 1003313 1,200,508
oDy 2 wz PSR 410
. MA 1 1501% 59270 5,531,370
Hourly heating demand : o :
" ME 171 1126530 3118001
M | NS 12540 1358652

139 1306, 603 1,231.954
L3

Qtlu(t) = &t {Atlu " (#-th : (T'mt - nxL(t)) - kﬁllll ’ I{f} - 'f;:'pm:plc{t)) - fr:! ) Qol(f:}} ""‘-'.T;,'.,}:,;
Vt, f Toxt < Teut—oft (13} :l'l“'l

715988

if Qin <0, cooling 1335

3,508 106

if @, = 0, heating RS

AA 4+ SG

Keep only the positive values, remember, we are designing a heating system :

Qun(t), if Qun(t) = 0. (1.4)

D, Dtl’l(?["WiHC. You only may need heating during the time people are in the building, which is only from
Mondays to Fridays and between TAM and 9 PM.

Qi) =

You will have 8760 hourly entries (zero and/or non-zero). Add them all together
to get the yearly demand : N,
Qihyear = 2_ Q1) (1.5)  Page 6
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=PFL Mean heat (equation2) |

For this equation to work, you will need to compute the mean heat
gains (solar, people and electric) of the values only when the
outside temperature is between 15°C and 17°C (16°C + 1°C).

0= Ath ) (kth ) [:T'int - Tcut) - ‘Ef:;uu : inu—:aﬂ, - Q.'pecple.mean) - fe.'! ’ QeLmean (16)

This will give you the second equation to solve for.

B ME 454 - PROJECT PRESENTATION

Page 7
Project description



cPFL

B TASK 1 - Modeling Of Energy Systems

Solving the equation

To find the k-values of each building we will use such that F(x) = 0, we will use the Newton-
Raphson method.

Newton’s method for a multivariable problem next iteration is defined as :
Xpp1 = Xi — [/ (£(Xi)) - £(X)]

It is up to you to choose the initial value of Xg and do the code implementation.
Ofi .. OhT
Oxq dx,,

Remember, the Jacobian is defined as : J
Ofn . 9fn
dxq ox,, |




cPFL
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Debugging

publicdomainvectors.ora

Verify that your implementation of
Newton-Raphson works with a simple
equation.

Check units and signs.
Use different starting values.
Print or save your iterations to

understand how your code is
performing.



cPFL
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Outline Part1

Identification of typical heat and electricity demand per building

Task 1: Estimation of heat gains

Task 2: Calculation of building envelope
properties

Task 3: Calculation of the hourly demand

Task 4: Analysis on impact of renovation

Task 5: Clustering of typical days
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cPFL

Calculation of the hourly profiles

ch (t) = Ath{ktn(Tmt - Text (t)) - ksuni(t) - ql:ll (t)} - feEQel (t)

\

Everything on the right-hand side is now known !
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cPFL
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Outline Part1

Identification of typical heat and electricity demand per building

Task 1: Estimation of heat gains

Task 2: Calculation of building envelope
properties

Task 3: Calculation of the hourly demand

Task 4: Analysis on impact of renovation

Task 5: Clustering of typical days
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cPFL
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Impact of renovation

= Discussion of the impact of renovation on the building heating demand.

* In which direction is it beneficial to vary the heat transfer coefficients ?

= How can k;, be varied ? What about k,,,?

* Reminding that k;,, = Eﬁ’ﬂ“ + my, - cP:aij; is there some limit on k., value ?

e gl

Conduction + Ventilation

* Propose a brief quantitative analysis and present insightful graphical
results.
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cPFL
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Outline Part1

Identification of typical heat and electricity demand per building

Task 1: Estimation of heat gains

Task 2: Calculation of building envelope
properties

Task 3: Calculation of the hourly demand

Task 4: Analysis on impact of renovation

Task 5: Clustering of typical days
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=PFL  Clustering of typical days

Recordings with error mean correction

j Hourly data is
i, AT ‘ computationally . ,
o pasbh 1 heavy = Try different methods and evaluate their accuracy

» Clustering the weather data

« monthly approach: 1 typical day per month ?
o= . seasonal approach: 1 typical day per season ?

ReCOrBNgs With er1or Medn COMecon
) + k-means approach ? k-medoids ?
Define typical days

> — e=—m—rea—y i .
v Aot Bt - which accuracy ? ==
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"L For your
information
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