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Optimization of Electricity Consumption in a building

Kahina LOUADJ 14, Fethi DEMIM 2, Abdelkrim NEMRA 2, Mohamed AIDENE?
Philippe MARTHON # and Hocine IDDIR °

Abstract— The main objective of an energy regulation of a
building is to maintain internal thermal comfort, as well as
minimize energy consumption, or reduce the peak of electrical
consumption. The dynamic programming has been used to
minimize a cost function, accounting for a high peak electricity
tariff, under constraints related to comfort (minimal tem-
perature, maximal temperature variation) and the maximum
heating power. The proposed energy management consists in
over-heating the building during the hours before the peak
knowing in advance the weather, occupation and internal
gains for the day. The method has been tested in a case
study corresponding to a house of a four-person family with
performance levels: high construction and poorly insulated old
house.

I. INTRODUCTION

At the global level, energy demand is a tendency for high
increase. As a result of population growth and economic
growth, driven mainly by emerging countries, especially
China and India take into account its demographics, its
could to double by 2050. These countries, especially the
big four emerging markets, which are BASIC [9] (Brazil,
South Africa, India and China), but also those in the Middle
East, far more than the OECD countries (Organization for
Economic Cooperation and Development) [9], ” energy mar-
kets and prices that will become more and more high. Fossil
energies, first and foremost oil, now insure more than 80%
of the supply. This situation marks the global dependence on
Carbon energies and pose the question of its holding up, both
environmentally and in terms of supply of raw materials.
If global reserves fossil fuels appear abundant in terms of
future needs, conditions of their access are increasingly
difficult: the investments in infrastructure needed for the
use of resources are massive and the geopolitical context is
inherently uncertain. The climatic constraint change should
also appear earlier than the geopolitics.

At European level, the dynamic is different, especially since
population growth and economic growth are weaker, but it is
still dependent on the rest of the world energetically, to try
to achieve self-sufficiency or energetic mastery the European
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Union has implemented the pact ” Energy-Climate” , which
sets 2020 binding objectives [6], [7], [8].

Two countries have carried out such Germany and the United
Kingdom forward-looking exercises. Germany has made the
exit from its priority as a result of the Fukushima accident.
His program energy (Energiekonzept) [9], prior to the events
in Fukushima, was already based on the goal of halving
demand 2050.

The United Kingdom is developing an approach based on a
broad portfolio of low carbon technologies, including without
a priori renewable energies, nuclear power and CCS (capture
and carbon storage), with a view to technological neutrality
and optimum economic.

The energy situation in Algeria involves three challenges:

diversify forms of energy, increase energy efficiency and give
room for maneuver. What we are most interested in our work
is the concept of energy efficiency.
In Algeria, the housing sector consumes more than half of
national electricity production, which encourages the gov-
ernment to take regulatory measures such as the elimination
of electricity consumption, construction of low consumption
or passive buildings and renovation old build which ensures
the comfort, reduces the invoice energy, creates employment,
reduces greenhouse gas emissions and avoids spikes in
consumption that exceeds production capacity nationally.

Dynamic programming which is a branch in an Oper-
ational research, provides us with sequential optimization
algorithms necessary for the modeling of problems in the
field of energy. Our work is summarized in the study of
an optimal the elimination of peak power consumption in
a building by the application of dynamic programming [3],
[19].

The Bellman equation, also known as the Hamilton-Jacobi-
Bellman equation (HJB), is a result of the method of dy-
namic programming initiated by Richard Bellman in the
1950s to solve optimization problems. Ie problems where
the best possible decisions must be made on each date
for a given performance criterion. The equation of dy-
namic programming generalizes William Hamilton-Jacobi-
Bellman’s previous classical mechanics in recognition of
the contribution of these three great scientific personalities.
Historically applied in engineering and then in other fields
of applied mathematics, the HIB equation has become an
important tool in decision-making problems in economics
and finance [3], [14], [19].

The article is divided into four sections, The first section,
we gives us an overview of Bellman’s optimality principle,
Bellman equation and application to the optimal control. And



after, formulate the problem to minimize the cost of the
electricity energy in the second section. In the third section,
a practical example of a house of family of four persons
under thermal simulation and the design of an application
that optimizes the heating and the elimination of power
consumption during peak periods daily. Finally, we achieve
by the results which are founded by the software C++ and
conclusion is provided.

II. OPTIMIZATION ALGORITHM

The dynamic programming algorithm is a sequential op-
timization algorithm for obtaining the overall optimum by
scanning all the possible solutions, in this case, it is a
question by determining a set of controls (heating on or
off) Making it’s possible to minimize the cost function over
the period considered. Let be noted u the control variable
including N, dimensions:

u(t)=u, €U, UCR™ ()

with Uy all the possible commands.
The state equation at each time step ¢ is then:

w(t) =z, x(t+1) = f(zt),u(t),t) (@)
where x is the temporally discretized state variable
.Z'(t) =T € Xt, X; CcR" 3)

the value function v; corresponding to the passage cost is
defined as:

V(@ Tog1), g1 € Ti(ay) 4)

I'; is the set of possible states at ¢, the cost function is the
sum of the values of functions on all time steps.

t—1
Vi = v(wj,2501) )
=0
The optimization seeks to minimize the following objective
function on N steps:

J = Min[Vy] (6)

This equation is the set of commands to go from zg to
x1. The optimization times can be long. Equation (6) then
becomes:

J = Min[V{¥ 1 = Min(vo(wo, x1)) + Min[VNY (7)

The objective is to find the set of commands U =
(u1,ug,...,un) minimizing (7) with constraints on state
variable (3) and control (1).

A. Optimality Principle’s

The dynamic programming is based on a technique that
Bellman called "Principle of Optimality”. This general prin-
ciple states that the solution of a global problem can be
obtained by decomposing the problem into sub problems
easier to solve.

III. MATHEMATICAL MODELING

The aim of mathematical modeling and finding the set
of commands U = (uy,us,....,un) which optimizes the
cumulative cost over a given time interval ¢ € [1, N]. Let
be consider the following constraints:

u(t) = g,
.Z'(t) = Tt, (8)
.T(t + 1) - f(l‘tvutvtL

Vt(xtaut)
t
V1t = Z V}‘(J?n $t+1),
j=1

F = min[V]N]

o ¢ : Time.
o u(t) : Control of the system (increase in temperature of
Tty Ti1)-

o x(t) : State of the system (temperatures in step ¢).

o V; : Cost passage of x; t0 T¢y1.

o Vi : Cumulative cost of j =1 to j = t.

o [': The performance.
The objective is to optimize the heating cost of the day
and maintain the internal comfort at a temperature of 19°
Minimum and a temperature change of 2° Maximum per
hour.

A. Program under C++:

The following program allows us to enter data concerning
the building’s energy environment. Gives the cumulative
cost for one day as well as the order U.

 Minimum temperature of building19°.

« Maximum temperature of building 25°.

o The variation is less than or equal to 2° /hour.

o Tlle fall in temperature in a supposedly isolated house
1.

o The drop in temperature in a less isolated house 2°.

o The Cost of heating power to increase the temperature

of 1° is given in Table 1:
TABLE 1

Off Hours: 1h — 8h 8 DA
Full Hours: 9h — 16h, 22h — midnight  12h
Peak Hours: 17h — 21h 25h

B. The performance:
The performance is defined as follows:
F = min[V}N] ©)
Where
VN = Zg_l(ut +08)x G up = xp01 — e, t =1,..., N+

1. (331 :fL‘N-&-l),
G = P’f‘t x W.

o [ : The step represents the temperature drop per hour
(heating off).



TABLE II
CUMULATIVE COST WITHOUT ERASING ELECTRICITY CONSUMPTION IN
A WELL INSULATED BUILDING

Hours Temperature U The Cost  Cumulative
() (X¢) step (DA) Cost V4
((6))
1 19 0 1 8 8
2 19 0 1 8 8
3 19 0 1 8 8
4 19 0 1 8 8
5 19 0 1 8 8
6 19 0 1 8 8
7 19 0 1 8 8
8 19 0 1 8 8
9 19 0 1 12 12
10 19 0 1 12 12
11 19 0 1 12 12
12 19 0 1 12 12
13 19 0 1 12 12
14 19 0 1 12 12
15 19 0 1 12 12
16 19 0 1 12 12
17 19 0 1 25 25
18 19 0 1 25 25
19 19 0 1 25 25
20 19 0 1 25 25
21 19 0 1 25 25
22 19 0 1 12 12
23 19 0 1 12 12
24 19 0 1 12 12
25 19
Total 321
F(DA)
30
25 / \
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Fig. 1.

Cumulative cost without erasing electricity consumption in a well

insulated building

e Pry :The cost of using the electricity in KWh between
tand ¢+ 1.
o W : Heating power (4+1°).

C. Simulation results(cumulative cost)

The results of the execution of the previous program can
be summarized in the following tables:
Tables of Cumulative of the objective function: Synthesis:
In a well insulated building: In the table V, a profit of 26%
was realized with an erasure of 5/5 of the peak hours and
5/11 of the full hours. In a poorly insulated building:

In the table VI, a profit of 13% was realized with an
erasure of 3/5 of the peak hours and 3/11 of the full hours.

Algorithm 1 Program (Cumulative Cost)

# include <cstdlib>

# include <iostream>

using namespace std;

int main()

int i,b,n,a,f,p,pt,m,c,0,x,temp[24],price[24],pcum;

cost<< "\n”;

cost<< "\n”;

cost<< 7\p cEEEssk The cumulative cost for one
cost<< "\n”;

cost<< "\n the step is the fall of the temperature in
degree per hour : ”; cost<< "\n";

cost<< "\n — 1 Degree for well insulated building ”;
cost<< "\n”;

cost<< "\n — 2 Degree for badly insulated building ’;
cost<< "\n”;

while (n > 0)

cost<< ”\n do you want to seize you? If yes write 1 else
0 : 7cin>> \n;

if (n == 0)return EXIT SUCCESS;
cost<< "\n enter the step [1,2] : 7 ;cin>> b;
cost<< "\n”;

cost<< "\n the cost of off temperature: ”;cin>> ¢;
cost<< "\n” ;

cost<< "\n The cost of full temperature: ~;cin>> p;
cost<< "\n”;

cost<< ”\n the cost of the peak temperature: “;cin>>pt;
cost<< "\n”;

cost<< "\n enter the temperature ;

for (i =1;i < 950+ +) costli]=c;

for (i = 9;i < 17;i + +) cost[i]=p;

for (i = 17;i < 22;i+ +) cost[i]=pt;

for (i = 2254 < 2550 + +) cost[i]=p;

cost<< "\n”;

cost<< ”\n For a classic control type without erasing
enter 3 7 cost<< "\n”;

cost<< ”\n For a regulation type with erase enter 4 ”;
cost<< "\n”;

cost<< ”\n give the type ”;cin>> f;

if (f == 3) cost<< ” Gives the constant temperature in
the building ”’;

cin>> a;

for (i = 1;i < 25;i+ +) temp[i]=a;

if (f ==4) cost << ”\n give temperature minimum :
7icin>> a;

cost<< ”\n give temperature max : ”;cin>> m ; cost<<
7 \n” .

for (i = 154 < 2551 + +) if (cost[i]-cost[i+1]>= pt — p;
o=i+1;

cost<< "\n Hour is : 7 << 0 << "h”;



cost<< "\n the temperature a 7 << o << ”"h est .

cost<< a; I \

for (i = 0;4 < 0;i++) cost<< ”\n enter the temperature * I \

PV <<o—i<<"h:” B Y e |

cin>> templo — iJ; g / \ , \ —
cost<< "\n”; =1/ I \

for (i = 1;4 < 25 — 034 + +) cost<< ”\n enter .

temperature 7 << 25 —i << "h:”; \ I \ /
cin>> temp|25 — i|; for (i=1;1;25;i++)cost<< "\n the e s 2 s 5 7 & 10411242 e 15 5 10 1m 1m0 21 22 23 20
temperature 7 << ¢ << "h :”; cost<< templi; Hours

temp[25]=temp[1];

pcum=0; Fig. 2. Cumulative cost with erasing electricity consumption in a well

for (i = 1;¢ < 25;i 4+ +) pcum=pcum+(temp[i+1]-  insulated building
templ[i]+b)*cost[i]; cost<< "\n” ;
cost<< ”\n The cumulative cost for One day is : 7 << =
pcum << ” Dinars”;

cost<< "\n The control U is ; ’ \ ’ \
cost<< "\n”; w0

for(i =1;i < 2554+ +) cost<< "\n - U(” << i <<7”) l \—\ I \
=7 << templi+ 1] — templi]; . /1—\\ I \ I
system("PAUSE”); . -
return EXIT SUCCESS; I l \ I

10 \
0"v—v—v—v—v—v—v—uv—v—v—v—uv—v—v—v—v—v—\
12 3 4 5 & 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Hours

TABLE III
CUMULATIVE COST WITH ERASING OF ELECTRICITY CONSUMPTION IN Fig. 3. Cumulative cost with elimination of electricity consumption in a
A WELL INSULATED BUILDING poorly insulated building

Hours Temperature U The Cost Cumulative . . .
® ( Xt)p step (DA)  cost Vi From the preceding tables (V and IV), in a well-isolated

B house where the application of satisfactory results and a peak
; }g (1) } g 21;6 erase of 100%, on the other hand in the poorly insulated
3 20 1 1 3 16 house the r.esult is not very effective see Figures 1, 2 and 3.
4 21 1 1 8 16 In Conclusion,
5 22 1 1 8 16 The function value must not only eliminate the consumption
g ii i } 2 ig of electricity during peak period but also to take into account

0 0075 o the cost differential between off-peak hours and peak hours.
[9 24 st 1120 2 The cumulative cost does not increase either during all or
(TIOR3 R S 2R O S  part of the full hours following the day. Optimal regulation
‘o2 a1 1 12 e 4 heats the building mainly during off hours, and can clear up

12 21 1 1 12 24 - . .

13 22 1 1 12 24 to 15 h in a row the heating consumption.
14 23 1 1 12 24

15 24 1 1 12 24 IV. CoNcLUSION

6 25 a1 1 12 0 1 Optimization by the dynamic programming made to study

[18 [2 |1 |t |2 |0 |3 4an optimal energy management strategy of a building the
19 22 a4 [l 25 0 |4 heating was ordered to allow the erasure of its electricity
(200 2 R S RS O ESE  consumption during the peak period going from 17h to 21h
AR s RS while maintaining the comfort inside the building. A case

22 19 0 12 1

23 19 0 1 12 12 study on a low-energy building and another on a little isolated
24 19 0 1 12 12 building showed that deletion of the tip is only possible on
2 19 the house very well insulated.

Total 236 . . . .

F Application of the sequential optimization algorithm has
(DA) proved its effectiveness in optimizing dynamic problems.

To obtain a result, one notices that the step plays a very
interesting role, in the mechanism of optimization of the



TABLE IV
CUMULATIVE COST WITH ERASING OF ELECTRICITY CONSUMPTION IN
A POORLY INSULATED BUILDING

Hours Temperature U The Cost Cumulative
(1) (X¢) step (DA) Cost V
(B

1 19 0 2 8 16

2 19 0 2 8 16

3 19 0 1 8 16

4 19 0 1 8 16

5 19 0 1 8 16

6 19 0 1 8 32

7 19 0 1 8 32

8 19 0 1 8 32

12 19 0 1 12 48
13 19 0 1 12 48
14 19 0 1 12 36
15 19 0 1 12 36

19 1 0 1 25 50
20 19 0 1 25 50
21 19 0 1 25 50
22 19 0 1 12 24
23 19 0 1 12 24
24 19 0 1 12 24
25 19
Total 566
F
(DA)
TABLE V
Cost without erasing Cost with erasing Difference %
321 DA 236 DA 26%
TABLE VI

Difference %
13%

Cost without erasing
642 DA

Cost with erasing
556 DA

eradication of the peaks of electric consumption. The con-
straint of controlling energy storage in the building mass or
the thermal insulation of buildings is a crucial necessity in
the program of effacement of high consumption of electrical
energy. As perspective, we can extended the study for a week,
or a month and try to find solutions for the consumption of
electrical energy.
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