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C UVANT iNAINn: 

Modu l de abordare al inslalaliilor penlm COIlSlnlC\i i, in ceca cc 
privesc aspeclc!e de cerCClarc, proiectare, execulie ~I 

exp loalarelmenlenan!a se bazcaza (trebuie sa 5C bazcze), pe dictonul 
Conferinle1or " Inslalalii penlrll Constmclii $1 Con forlul Ambienta l", adie! 
MENS SANA IN DOMO PULC I1 RA". in acesl mod po liticilc in 
dorneniul cc recli'irii - dczvolt:l.rii ~i inov!rii pol rnspunde IlOzitiv 
provoca rilor ell care se eonfnllllA omenirca : sehimbarile clima lice. 
utili Larea cfie icnta a resurselor ~i economia de energi e. proteqia mcdiullli, 
S~ lIa tllle ~ i aspeclele demograti cc. 

Promovarcll parlcncria teJor viza nd ellnoa~ le rea, consolida rea 
Icgatmii edllcalional - fo rma tive ~ i ~ Iii ll l i fi ce, sprij inul dat coopcrarilor 
antrcprenorial e Slint tol alalea cAi de \Irma\. Aeeasta cu atiit JIlai mull ell cal 
deca lajel e din tre noi cllropcni i ~i restul lumii tind sa se aceenlueze in 
defa voarea 1I03Stra. Sprc exemplu, potriv it ind icc lui Shanghai , nllmai dOlla 
uni versitJ'i ti europcne ligureaz~ in elasamcntu l mondia l (lOp 20) al primclor 
20 de uni versitiili. 

I'rio ritatilc stralegiec a le Europei, pana in 2020, care se slls!in 
reciproc SUIII: dezvollarea unei ccollornii bazate pe eu noa~lere ~ i inovare 
(cre~tere intei igent3); promovarca c lie ientci economiee. ellcrgelice $i 
ecologice competitive (cre$lere durabita); prolllovarea unei economii eu 
rata. ridicatii a ocuparii forte i de lIluncA (cre~ lcrca favorabi la a incluziunii). 
Pen lm rea lizarea acestor priori tAl i obieelivcle principale trebuie sa aiba in 
vedere: 

- 75% din poplIlal ic (ell varslc de 20-64 ani) trebuie sa aiba: locuri 
de 1ll1l1lCa; 

~ illveslirca a (eel pu! in) 3% din PIB-ul Un iul1ii Europcne in 
cerecln rc-dcz '0'0 Ita re; 

- progr:lm ul 20-20-20 (rcdu ecrea gll zcJor ell cfecl de sera cu cel 
PU till 20% ra!ii de nivelul anul ui 1990, ere~ t c rclI cu 20% .. pondcri i sllrsclor 
regc tl crabilc de cilergic. cre~ t crca ell 20% a e lic ien!ci cnergetiee); 

- rllJrll;iruJ persoanclor arneninlale dc sa racic Irebuie redus Cll 25% 
(20 lIIili oanc dc oamcni); 
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Abstract 
For a posilil'e lief buildirlg (PN£B), the paper presellf!.,' its lIeed, 

arid lools /0 achieve ils design. The PNEB should provide tlte maximulII 
Ihermal comfort wilh a millimum oj energy. primary ellergy. alld augy 
consumption, alld a millimllm oj COl emissiOIl. nren, the paper presel1ls 
the software for a energy simulatioll alld optimizatioll oj PN£B. Afte,. Ihal. 
the paper describes tire two e.mmpies cOlllfecled /0 Ihe PN£B. The first 
example is if simulalion oj a residenlial PNEB, and Ihe secolld the 
optimization of lire ph%voJtaics in th e residell:ittl PN£B. 

Keywords: Posi/il'e lIel building; simulatioll; optimizatiOlf; EllergyPlus; 
Opel/Studio; Gellopt 

I. Introduction 

Dwnicl M. KalllnlCIl, Director of th e Renewable and 
Appropriate Energy Labonlory, Uni versity of California, Berkeley 
wrote the following in Nwture(ll . "By 2020. human ki nd needs to be 
solidly on to the pllth of a low-carbon society - olle dominated b)' 

250 

eHicicnt and clean energy technologies. Several r enewa ble 
technologies arc rellldy for explosive growth. Energy-efficiency largets 
could help to reduce demand by enco uraging innovations such as 
PNEBs and electric vehicles. Resea rch into solar energy - in 
particular how to store and distribute it efficiently- ClIO address 
needs in rich and poor communiti es alike. Deployed widely, these 
kinds of solutions and the developmenl of a smart grid would mean 
thai by 2020 the world would be on the way to an energy system in 
which solar, wind, nuclear, geothermal and hydroelectric power will 
supply more than 80% of electricity." Globally, the drive for PNEB is 
necessity and urgency to decrease carbon emission, and relive energy 
shortage. - - ~-

--
- r~--' --{) ..., -

H_ 

Flg. 1 Schematic or . PNEB 

Severa l worldwide targets a re established, First, the Energy 
Perfonnance of Buildings Directive of EU states that all buildings built 
after 31 December 2018 will have to produce their own energy onsite 121. 
Second, from beginning of 2020 in USA, all new Federal buildings will be 
designed to consume zero-nct-<:nergy and be zero-net-energy buildings 
(ZNESs) by 2030 131. Third, to progress with the development and 
adoption of high performance buildings in USA, there is the Net Zero 
Energy Commercial Building Initiative. The initiative aims to achieve 
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lIlark ~l:lhlc II cf-zcro CIIC'·!!)' hllildirr gs by 2025 fh,·tllI!;" public li nd privalc 
(Ja'·llIc,·s hips 141. Fina lly. UK Cuvcrnmenl sci's uul improvemcnts to 
energy requiremcnts in Building Regulalions tu include Ihal a ll lIew 
hom es has to be ' zcrn carboll ' by 20 16151.To rell eh ZoNED largel, il is 
advisable to go for PNE8. 

The objeclive of Ihis paper is 10 inlroducc definitions, show 
software for Iheirdesign and g ive two examples oflhei r appJiealion . 

2. Definitions 

The building may have a posith'c-net energy statu s rega rding 
lite sil l' energy & Clergy, Ihe so urcc cnergy & excrgy, Ihe energy COSis, 
thc cllergy-i ud uced cmissions, and thc embodied encrgy [6 1. 

2.1. I'os ilive-ncl silc cnergy (exergy) 

PNEB generates more energy (exrergy) than it consumcs. II usua lly 
produces electrical energy through PV modules and is COlillccted to Ihc grid. 
l11C building may eilher consume e lectrical energy from the PV modulcs or 
from the grid . The generated electrical energy may either feed thc bui lding or 
the grid. 111'1 electric energy supplics the grid when there is the elcctrica l 
energy surplus. When there is electrica l energy shonage the grid supplies 
elcctrical energy 10 the building. 111e "positive-nct" concept means thai 
yearly the excess electrical energy (exergy) sent to Ihe grid is larger than the 
amount received from the grid. The PNEB uses the power grid as an electrical 
storage ballery. 11le schematic ofa PNEB is shown in Fig. l . 

2.2. rusitive-Ilel source energy (exergy) 

A building that prOOuces and exports more energy (exTe1'gy) as the total 
energy it imports and uses in a year, when accounted for at the source. "Source 
energy" refer.> to Ihe primary energy required 10 generate and deliver the energy 
10 the site. To calculate a building'S lotal source energy, imported and exponed 
energy is multiplied by the approprialc sile-to-sourcc conversion multipliers. 

2.3. Positive-net energy emissions 

A bui ld ing tlml produces and ex pons more emissions-free 
renewab le energy as il import's and uses from emission-producing cnergy 
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sources anllually. Carbon diox ide. nitrogen oxides, and sulfur oxides arc 
!;()11I1ll1111 emissions that IlNE Bs unset. 

2.4. I'osili\'e- net energy costs 

A bui ldi ng where the amoun t of money a utility pays Ihe building's 
owner for the renewable energy Ihe building exports to the grid is larger 
than Ihallhe owner pays Ihc utility fo r th c cnergy scrvices and energy used 
over the yellL 

2.5. l)osilivc-l1el life-cycle cnergy 

POsilivc-ncl life-cycle energy building is dcfined that during entire 
life il produces more energy tha n il spends for the embodied energy of 
bui ld ing components and its energy usc [7). 

3. S imulalions and Optimizations 

3.1 . Simulation software - EnergyP lus 

EnergyP lus is made avai lable by the Lawrence Berkley Laboratory 
in USA [8 1. EnergyPlus interface is shown in Fig.2. EnergyPlus 
development began in 1996 on the basis of two widely used programs: 
DOE-2 and BLAST. The software serves to simulate energy behavior of 
buildings and renewable energy usc in buildings. The renewable energy 
capabilities inelude solar thermal and photovoltaic si mulation. Other 
si mulat ion features of EnergyPlus include: variable lime s teps, t1ser­
con figurablc modular systems, and user defined input and output dala 
structures. The software has been tested using Ihe lEA IIVAC BESTEST 
ElOO-E200 serics of tests. To model , the building and rCllewllblc cnergy 
syslcms in EnergyPlus environment, we used models of different 
components that are embedded in Energy Plus such as thai of PV-array, 
inverter, nat-plate solar collector, s torage tank , lempering va lve, lind 
instllnlaneous water heater. Water in the storage tank was heated by solar 
energy and water in the instantancous waler, healer by elcctricity. 
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3.230 snflwarc - Cooglc Skclch Up 

\'oogle 5ketchUp is a free 3D software toollhal combines a tool­
set with an in tcll igenl drawill~ syslcm. Building in Googlc Skctch-up 
cnvironlllent is shown in Fig.) . The software enables to place models usmg 
real -world coordinates. Most people gcl roll ing wilh SketchUp in jusl a 
fcw minutes. Therc arc dozens orv ideo tutorials, an extcnsivc Help Ccntre 
and a worldwide user community . 

I' I~, 1 BUIlding III Ihe fioogkSkelchUp .lId Ihe: Opc:nSrudlO 
C'I" Ironmc nl 
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J .3 . .s ill1ul:llillll Sorl wll re - ()Jlt~ IISllidio 

The OpcnSlUdio is free phl~-in lit at adds the building energy 
si mulation cotpabtlitlcs or Encrgy l)l us to the 3D SkelchUp environlllcnt. A 
house in OpcnSlUdio environment is showll in Fig.3. The software allows 
yOIl (0 create. edit and view EliergyPlus inpul files wilhio SkCIChUp. The 
plug- ill uses thc standard lools provided by Sketch Up. TIlC software adds 
:IS Illuch e)( lra dctlli l as you need 10 zones and surfaces. The plug- in allows 
you easy to creale 11 buildillg geometry from scr .... tch: add zones, draw heat 
trans fe r surfaces, d raw Wllldows and doors. draw shading surfaces. etc. 
YOII can save whit t you ha ve drawn as an EncrgyJ1lus input file. nle plug­
ill ;d so allows IIsers to laUllch EnergyPlus simulations and view the results 
frol11 within SkclchUp. 

3.4 O ptimi'l,a liolt soflw .... e - CCIlO pt 

CienOpl is an opt imiza tion progra m ror the mini mization o f a cost 
func tion evaluated by an cx tcrnal simulation program 19]. Optimi .. ..alion 
and si mulat ion data now paths by using Genopt are shown in Fig.4. 
GcnOpl servcs ler optimizlItion problems where thc cosl function is 
computatiuna lly expensive and its dcrivatives arc not available or !Hay not 
cvcn cxist. GenOpl can be coupled to any simulation program that reads its 
input from lext files and writes its output to text files . The independen t 
variables can be: eontinuOllS variables (possibly with lower and upper 
bounds), discrete variables. or both, continuous and discrete variables. 
Constrainl5 on dependent variables can be implemented using penally or 
barrier functions. GenOpt is wri tlcn ill Java so Ihat it is platfOlTIl 
indcpenden t. GenOpt is app licablc to a widc range of optimi .. ..ation 
problems. GcnOpt has a li brary with adaptivc ll ookc-Jeeves algorithm, 
Discretc Annijo Gradient . particle swa rm optimization etc. 
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"'11;.4 Opl i!1lizYlion by using GenOjll 

4.1. J{esidcnli :II I'N .. : R in Serbia n cOII(Jili olls /111 

Th is :! rlide repo rt s investigations o f 11 res ident ial building in 
Serbian conditio ns e nerg i:l.cd by electric ity from photovolt:lics (PVs ), and 
the eleclrieity grid. T he bu ilding uses dectric ity to run its space heating 
system, lightinG and appliances, and to heat domestic Itol water (DIIW). 
The space heating system comprises noo r heate rs, a water- to -water heat 
pump. ;lI1d a ground heat exc hanger. 111e schemat ic of th is Jl NE R is shown 
in Fig. l . The PV syste m gellemtes electric ity that either may be cOll sulllcd 
by the build ing o r nmy he fed -in Ihe e lec tricity grid. The elec tric ity g rid is 
IIsed as electricity sto rage. Three resident ial bu ild ings arc invest igated . 11le 
fi rst residential bui ld ing has PVs that yearly prud uce smal ler arnounl or 
electricity thall the heali ng :-.yslelll requ ires. Th is is a nega tive-llet cne rgy 
building (NNE B). The seco nd bui lding has Ihe PVs Ihal produce the exael 
amount or cl ecl ric lly Iha l the en lire build ing annua lly needs. T his i .. a I'ero­
net cnergy building ZN I ~ B . Tlte Ihi rd bu ildin g has PVs Ihal cntirel y cuver 
the sOlllh-I:lcing rour o f thc building. This is a PNEB. These hui ldll lgS arc 
pn:scuted by a lIlallie lll:ltical model, partially in all 1 ~ lIcIg)' I " l u " 

CIl Vll'Onlllcnl. Fur al l hll lid ings, s lllllllall ons by lISi llg Energy l' hh ... u Jl \\ :Ire 
would gL ve ti le g.~ l ll·l . l l nl. Cllll .. ILlIIed, :LL1d purchu scd cnergy wLth Ill lll' "'LCP, 
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:lnd mO llt~ll y and ycarl y val ues. For sure, these bu ildlllgs wou ld decrease 
dCIIl;lIId for electriCi ty during summer. however they will increase thi s 
dCIll;lILd during wint er when there is 110 sun and start o f space hea tlllg is 
r":(lulrcd. Dcpendlllg on the Sll'.c o f fl V array th is building wi ll be either 
NNE B. or ZNE B, or PNE B. lI owever it is crucial ror suc h a buildi ng to be 
con nected to the elcctriCLty grid . The smaller payback for investmellt in the 
r v an'ay is obtaincd ror buildings with larger s ize o r PV array. The feed-in 
tarifT for Ihe ge nerat ion o r electric ity in Serbia should be corrected to 
incl ude sllIa ll scale I·V deelricit y produccr'1 for larger penetrat ion or this 
technology III the Scrb ,all lllarkei. 

4 .2 . O IJlilllizill g pe.-rol'lnanees or photovoll aics in Heuni OIl Is la nd t ill 
a ngle lIZ / 

As in Reun ion Is land. Fra nce, around 6 1 % o f electri city is 
produced by using coal and lilel o il wilh high greenhouse emissions. It is 
~.ene fi~ia l 10 t h~ enviro nment to produce electricity from so lar energy. 
I herclore, there IS a large push to generate elect ric ity Ii'om solar encrgy by 
lise ~ r photovoltaic . ( ~}V) al1-ays . Il owever, it is impor1ant to have high 
c r.iclellcy or electnclty gellerJtion, thaI i:s, to locale PV arrays in an 
optimal d irection. The in vestigated PV systems may take I , 2, 4, and 12 
til ts pcr year. Fo r the PV arrays fac ing the north- south direction, this paper 
reports investigations o r their optimu m til ts and the max imum amounts o r 
generated electric ity . l 11c investigated PV arrays arc located in the towns 
o f Saint-Benoit, Les Avirons. Piton Saint-Leu, and Petite-France in 
Reunion Is land, To obtain optimal lilt of the PV arrays ror electriclly 
production rrom solar energy, EnergYPlus software and GenOpt so ft wllre 
are used with ll ooke- Jeeves optimization routine. For the investigated PV 
arrays. the percentage gai ns in energy, excrgy, avoided foss il energy, and 
t h~ percentage det::resse in C02 emi ssion arc around 5% when compared 
w llh 111:11 o r the PY array that takes o nly olle opt imum ti lt per year. 

5. Concl usions 

The papc r shows thaI PNEBs arc in strong need wo rili wide. The 
1I10s t impo rtant raet is Ihat throughou t their life, the PNEBs should proVide 
thc 1113:-:imulll thennal comlort wi th the mi nimulIl or energy. primt ry 
energy. alld excrgy consumpti on, and the minimu m of C0 2 emission. Thc 
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diHcrent dclillitiotl~ or the PNEBs arc prescllt. They e;1Il aceoullt fUi the 
s ite energy . sou rce energy, CO, emissions, costs. and embod ied cnngy. 
The PN EBs Illay bc des igned by using son ware fo r energy slmul aTioll and 
opTillli zaTi oli . Ti le PNEUs would be s ll ccessfull y IIsed fo r res id ence, 
Iwwcvcr their heha vior sholiid bc s imulat ed and optimized bcllm! ,IICII' 
appl ie.u ion III practice. 

A ck 110 11'1 f!d,J: III (' II t 

This p"pcr is a rcs ul1 of lWu project investiga tions: (I) project T R3JO l5 of 
Tec hnological Deve lupment uf Republi c or Serb ia, and (2) pl OleC! II I 
42006 of Integral and Ill tcn.l isc ip lillary invcstig:Hiolls 0[' Republi c of 
Serbia . The firs t project is ti tl ed " In vestigation and development of Serbian 
zerO-llet energy house", ;wnd the second projec t is ti tled " Investigation and 
developmen t or energy and ecologica l high ly e ITce live systems of poly· 
generation based on ren ewable energy sources. We would like to than k to 
the Min istry o f Educ:JliOIl <I ud Science of Republi c of Serbia ror thei r 
fina ncial support during these investigations. 
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