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! Main Grid (MG)

2 Fuel Cells (FC)

¥ Combined Heat and Power (CHP)
* Solar Water Heater (SWH)

® Photovoltaic (PV)

® Unit Commitment
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% Controllable
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2 Curtailable

% Critical

* Flexible

% Non Flexible
® Regulate able



b [V el 5 [8] aolie o5 ao Sgamme Lasuie 0,98 S 40 iy S oSS b i igels
03,5 Giyaebn s a1y pa S slal 655 Brae )5 5l Slej sesgame So 8L

B (6,10 190 40 s 0all oold Cuwles y0 (60,90 4o Al 5,90 L aS Wl

Lol 5] V] o lie ol )5 JUatl 8 50 (A5l slos ols) allucs o ot IS 51 S

e ) @ sl Wlas o o 3955 5 )l Lo 9590 (oled e3guzme 2dlye b VY] 5 [V -]
) 3tolse i (a0 Ol [ 5 1Y) ezl jo oleriny (6351 e phum ailosls el
Sy90 ples o3l jo L3l gloo U oS oo bl (g 5b wanl s LB asin ojb G yo aS
WS oo 2dlys g 1y )8 Ol 6l 5l 3ye les sodgase [F] a0 0K 13 8 Uil
e 50 QB oy Wls e )5 Bus sles b ed sles ol glis | obs, o [V o] &> 1
So g lolgn i sl les sogasme S wlazs S s o 1) Sglite  sles sdgase g0 [1Y]

Jesu (Brae Ol S slp ;500 ol (sosgaza

Sl 2l sles «Bus @b o Culs, pas sdey > ailie (55,5 a8lal L VY] x>

adlge (S p3ls) 51 5yl pe e 0099 5> 4By (el 3575 ) (65Tl sl eizen g i) LS
1y S ol [VE] e el 05,8 adlol Gam ali jo |, bl 5l sslinul ooy b jblits (glany >
lr ) 550 (ples 0dguze g w8 5 (Sl &l SG Ly Bue 1l 0 0 (S S Ojpe
-aiy 5 pigaidy (SB el sl pese ln )l sl Syge (Sl edgaze g jlules el

65,5 Joe S 655 Cu e dllas j0 1y )15 o8, e, S 5l ool b [A] g 1o
Iy anse Gialidl g 09l (65, Brae iulidl cel Wlgh o 2,5 08, ioli8l as” ol asio .coul

Sy ly 59 niaysxl 0l gl auie Cu i bl x> o ol jo Baig g all asls Jlis 4

AR



Sl ol by wlosls 1 gl od, (satym 5 )5 slp ot plos aje (on  asdlas S sl
JHasl )90 (Sloj esgazme b g olgsds oy llasil o )90 (A2l (slos aiile ()5 (Som 5| (ot
2565 8 eoliial 890 (655 Bran giludige 0 wbops 5 (S sla)l l eslitul sl
&l lawg )5 ol gl 5 SB lo)lb gamains o9 I laods (V=) Joox

Ao oo lid |y alisee

5 0l il Jue 5 (S sla,b unains (V-Y) Jgux

&=y SSB sk gy o) ilw e
[¥] i BB T s ] S 5 b S, L
[o] 6 i | ) et S5 LB ) J S bl Sl 55 (led o3505ms
Jr=s
[v] S 5 et | S L5 Lo s (525 sl

Sl 5,50 oled 00ga0te

[a] e/ e BB/ 5t JUasl 8590 oles o3game
[\y] JrsS B 5> 5 (SoSUl sla b sl 550 oles o3gasre

Sl 090 Sloj o3k

hol JERYES-Y RN AL Sl 8590 les 03gae
[v] [ alEain | pdyaidy g b6/ piolaidy e b6 JUasl 8590 oles o3game
b )l Ml 3590 (Slej o3l

! Tradeoff

\Y



oleMb! Jls! ¥-y-v
el aitals Bpan 4 Soo5 g Lol Ceow 0 (5551 e il (ygel i GRog%
~al 0jg el dlige 0yt g diedgr J7US g Oylla Blug (( SSB sla)l g i dadils 5l 330
s 55l e g o)l S8 g o)l Cg alse (bLI) Lleg 4 o diedise slo
o [Ve] Tl b clbls,l s DVl Ts ant el o [Val ' oK) omen cilise slaJSSe
JrsS coklB DAl ao e jo Bainss 005 o 8 soliinl 8,50 bl ol sl o
SliSas CollB a5 K5 ole S5 0,Lanl es ol 5l S S 5l esbil b 1y 561 &l
o8 2 e 5l 6 pSolal Jgile 5w [Ye] a e yo iailos S sole o ls 1 o, yan! sla JuSw
pdass 6550 ol )0 g (alidg; 5 (S pilyd p ojla g Sledbl cdb o sl (205 6yl
A skl vy5e pdynand mlie oy (e 2 O)lla sl Gl b Dbl 6 p5l8 (e
3 bl e slaSign g laidgiSs (o) bl (ol Bas a5 Sl 5l wslas S

2 9 S G5l o e F-Y-Y
ale 5l oad adg S Sl 5,00 teyd b wilsi oo diadish wils il oylil a5 slailan
anils salys ()l g 5 Glojen adg axly 5 Gl mye «Salggns axly wiile o3 Sl
| ase ol ul Wi oo 6551 Ca e s e (nl )3 aes a1 093 3 (A8 5wl
oSty S8l 65l g8 e S o L INVT o LDV Y] ] aile (am o oS anciy

Dilod S (g5l Joe 1y (S SN (65,51 s ppoe allaa o1 o 10wl y0 g

! ZigBee
% Infrared
* Power Line Communication (PLC)
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! Heating, Ventilating, and Air-Conditioning (HVAC)
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! Electric Water Heater (EWH)
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3 Electric Vehicle
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! Integrated Electrical & Thermal Energy Management System (IETEMS)
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! Gas Water Heater (GWH)
2 Electrical Gate
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! Time-Flexible Loads (TF)
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! Power-Flexible Loads (PF)
? Fixed Loads (FX)
¥ Linked Loads
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Abstract

This thesis implements home energy management system to achieve the
integrated management of electrical and thermal energy in a smart home, taking into
account the residents welfare. Energy resources are electricity and natural gas networks,
a solar water heater, a photovoltaic unit, and a storage unit. Electrical and thermal loads
are categorized in three types: i) time-flexible loads, ii) power-flexible loads and iii)
fixed loads. In order to overcome the uncertainties in the production of solar sources
and the external temperature of the home, two different uncertainty models are used: i)
single-scenario forecast, and ii) prediction intervals. Thus, the energy management
problem is transformed into deterministic and robust optimization models. Using the
real-world data of solar irradiance and external temperature collected from smart power
microgrid at Shahrood University of Technology, two optimization models are
implemented and compared. Based on the simulation results, choosing a conservative
strategy through the robust optimization model compared to the deterministic model can
guarantee the decision feasibility, but at the expense of reducing the level of residents
welfare. Additionally, considering linking constraints among loads and sources, on one

hand, rises the residents welfare, but on the other hand, increases energy costs.

Key words: Integrated electrical and thermal energy management system,

Residents welfare, Deterministic optimization, Robust optimization.
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