N

N
N

HAL

open science

Modeling zero energy building: technical and
economical optimization

Maria Ferrara, Joseph Virgone, Enrico Fabrizio, Frédéric Kuznik, Marco

Filippi

» To cite this version:

Maria Ferrara, Joseph Virgone, Enrico Fabrizio, Frédéric Kuznik, Marco Filippi. Modeling zero energy
building: technical and economical optimization. CLIMAMED 2013, Oct 2013, istanbul, Turkey. 8 p.

hal-00985664

HAL Id: hal-00985664
https://hal.science/hal-00985664

Submitted on 28 May 2014

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://hal.science/hal-00985664
https://hal.archives-ouvertes.fr

Modeling Zero Energy Building: technical and econorital optimization
Maria Ferrar&? Joseph Virgone Enrico Fabrizid, Frédérik Kuznik, Marco Filippf

'CETHIL, UMR5008, Université Lyonl — INSA-Lyon, Fres
’DENERG, Politecnico di Torino, Italy
3DISAFA, University of Torino, Italy

Corresponding email: joseph.virgone@insa-lyon.fr

SUMMARY

This study was born in the context of new challenggosed by the recast of Energy
Performance of Buildings. The aim of this workagprovide a useful method to deal with a
huge number of simulations corresponding to a largeber of single-family house
configurations in order to optimize a constructedution from both technical and
economical point of view. The method combines theafSTRNSYS, building energy
simulation program, with GenOpt, Generic Optimiaatprogram.

The reference building is a low-consumption howsseestudy situated in Amberieu-en-
Bugey, Rhbéne-Alpes, France. After a short desaniptif the case-study and of TRNSYS
model, the link and the configuration files whictvldeen created between the simulation
program and the optimization software are illugiiatA first parametric study is performed in
order to evaluate the impact of variation of vasi@arameters of envelope and shading
elements on the total annual energy consumptiohdating and cooling. As a second study,
the global cost method is applied to the case-staly GenOpt is used to determine the cost
optimal level of the reference building. Beyond tasult, we think this study shows useful
method and tools that could support technical axsdl aptimal level research, providing an
easy and fast way to explore various building gunfation with a huge number of
simulations, as requested by European Standard.

INTRODUCTION

In the context of the European Union efforts touasthe growing energy expenditure, it is
widely recognized that the building sector hasmpartant role, accounting 40% of the total
energy consumption in the European Union [1]. Téuast of the Directive on the Energy
Performance of Building (EPBD)[2] imposes the adwpbf measures to improve energy
efficiency in buildings in order to reach the oljee of all new buildings to be nearly Zero
Energy Building (nZEB) by 2020. This practice colddd to greenhouse gas emission
reduction in the building sector of 80-90% by 2086.the results in term of energy
efficiency are evaluated at a global (or at leasbRean) scale, it is remarkable that a good
nZEB design is strictly related to the local scdlepending on climatic data, available
technologies and materials, population lifestyl@r&bver, as usual, measures related to
ecological sustainability could not be pursued withtaking into account an economical
sustainability. It is obvious that the design afeao-energy building is not yet profitable in
terms of costs, and that this will lead to differesgultsdepending on the country, the age of
the building and its use (commercial buildingsjdestial, etc.). Consequently, EPBD recast
has set out that Member States (MSs) ensure timatonn energy performance requirements
are set with a view to achieve the cost optimalllehat is defined as the energy performance
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level which leads to the lowest cost during thenested economic lifecycle. Based on Global
Cost method, the aim is to define for each MSabet effective strategies to improve
building performance with the lowest global cost.

In order to develop general strategies, a huge eumicase study should be examined and a
common method to compare a large number of sinmmathas to be established.

We have collaborated between France and Italyderao improve our methodologies and to
apply them on the single-family houses, with refiees buildings, constructive solutions,
typical sources of energy accessibility, costs, #tcthe present article we present one carried
out with TRNSYS computing environment with a viewestablish a procedure for techno-
economic optimization using the tool GenOpt.

The reference building.

The Reference Building (RB) is a new single-fanmituse situated in Amberieu-en-Bugey,
Rhéne-Alpes, France. It is representative of nemstraction of single family house in the
region.

The gross floor area (GFA) of the two floors is & 155 mi(see plans in figure 2).

It's possible to recognize many design featuregegily used in passive/low consumption
houses: the insulated living space is a cubic catrglezape (S/V ratio is equal to about 0,68
m®, S being the heat losses area and V the heatathepkhat minimize the exchange surface
between the outside and inside. In order to retieet loss due to windows and benefit of
solar gains, the maximum of large openings arehsotiénted (49% of total glass surface
(TGS) on the south external wall, 19% on the sooti slope) while the percentage of
openings in east and west orientation is less asliefrespectively 10% and 15% of TGS) and
there are only very small north oriented openirigs f TGS). Window area is
approximately 1/5 of the GFA: the minimum imposegdite national regulation [3], which is
equal to 1/6 of GFA, is largely exceeded. A roogiinang protects south-oriented windows.

Figure 1. Facades of reference building. a) SdathMorth, c) West, d) East.

Thermal insulation is made on the internal siderdhy creating a thermal bridge on the
intermediate floor, which has been limited by uséhefmal bridge breakers. However, this
solution eliminates thermal bridges at the slabraad levels. At the moment, 20 cm of
insulating material are used on external walls¢i®0on the slab and 40 cm on the roof.



RB was modeled using TRNSYS [4], dynamic buildimgdation program [5]. Each room
was modeled as a thermal zone, in order to bettduate the evolution of temperature and
the thermal exchange from one zone to the otheéheaklVAC system is considered active
only in the main rooms of the house. Set-point teragre for heating (19°C) and cooling
(26°C) was set only in the living-room (PP), in thedrooms (C1, C2, C3) and in the
mezzanine (M), while other zones as restrooms R}, dressing (D) and passages (DGT1,
DGT?2) are supposed to take heat (or cool) fromstrassion through internal walls and
doors. Garage (G) and laundry(B) are consideredcoaditioned zones.

Figure 2. Plans of reference building, 1:200. a$tRioor, b) Second Floor.

The standard meteonorm weather file of Amberieu2BA8ere used in the simulation.
Lighting and occupancy were modeled using schedelated to a standard 4 people family
working life, week-ends are taken in account buidiags are not considered. The sum of
infiltration and ventilation rate is fixed equal@o/ ach as a medium value for all the zones.
Based on these settings, heating needs are edlitode 48 kWh/iyear, while cooling
needs are equal to 12 kWi/year.

METHODS — PARAMETRIC STUDY

In order to allow multiple simulation and optimalel research, building simulation software
was coupled with the general optimization softw@esnOpt and configuration files were
created [6].

< .................................... ; |
Simulation Input : m Output \||

——— (TRNSYS)

Configuration Program t

L o |
call L o
Initialization Optimization > m Output m
= (GenOpt) ! ——
Optimization
/ algorithm

Parametric study Optimal level

Command

Figure 3. Simulation-optimization framework.



Configuration file contains building simulation sgére configuration, error indicators and
start command, the command file contains parantisteand settings and related functions
which were inserted in simulation input files taah simulation input template. GenOpt run
is based on the initialization file, where locatmninput files and position of the objective
function are specified.

The more a house is energy efficient, the biggéresnfluence of envelope design on the
final energy demand. In order to estimate the impéathe variation of each element of
building envelope and geometry (wall, roof and stedulation, window type, window and
solar protection dimension) on the final total amrenergy consumption, a parametric study
on the reference building was done. All set paransednd values referred to the house
section are shown in the figure below. Note thatimal window dimension corresponds to
the limit imposed by French regulation.

1. Parameter Min |Max |Step |Rel. Function
> hr — Roof window height [m] 0 4.720.3 Roo;\;\ggdow

~|ResR — Roof insul. [AiKh/KJ] [0.25| 5 |0.25 -

) S - Overhang projection [m] 02 3|6 0.2 Overhanigthe

bm - mezzanine south 2ol 78] 02 Me;zanlne south
window width [m] window area

ResO-Outwall ins.[fKh/KJ] [0.25 5 |0.25 -

Bpp - living room south 2ol 78 02 Living room
— |window width [m] ' ' ' window area

_|Res S — Slab insul. fiih/KJ] |0.25| 3.5 | 0.25 -

;i Min — Inertie wall thickness | 0.020.4 | 0.08 -

WT- Window Type N-E-W,
WTS - Window Type S, 1 5 1 -
WTR -Window Type Roof

2. Window Type U [W/m3K] |g-value [%/100]
1 — Double 2 0.7

— | 2 — Double, Low-e 1.76 0.59

' 4 — Triple 0.7 0.5

IFigure 4. Parameter list. 2= Triple, Xenon 0.4 04
Table 1. Parameter settings Table 2. bindlypes

The initial value (Ini) is the fixed value assunm®sdparameters during the parametric run.
Four Ini scenarios were set: one is referred tddhvecossumption RB, the others are
respectively representative of a very less-ingdlduilding, a standard insulated building,
and the last is an utopic very strong insulatioeof@etric parameters are always equal to RB.

ResO| ResR| ResS| s Bm | bpp hr Min | WT | WTR | WTS
Low 05 | 075, 05 0.8 2.4 42 472 04 1 ] 1
Medium 1 2 15 0.8 2.4 42| 472 04 2 2 2
RB 1.75| 35 2.5 0.8 2.4 421 47 04 4 4 4
Strong 3.5 4.5 3 0.8 2.4 42 472 04 5 5 5

Table 3. Initial value scenarios



RESULTS — PARAMETRIC STUDY

Here below results related to RB scenario are sh@vimter and summer performances are
separately evaluated and compared, while percentagaeferred to the total annual energy
needs. Positive values of percentages indicatggsavings corresponding to decreases in
energy demand.

Insulation - Cooling needs gains Insulation - Heating needs gains

20,0%
10,0%
0,0%
-10,0%
-20,0%
-30,0%
1,0% - -40,0%
2,0% - -50,0%

-3,0% - -60,0% -

—Slab Outwall == Roof —Slab
Figure 5. Impact of opaque envelope insulatioreimtof resistance (fh/kJ) on energy
demand gains — RB scenatrio.

6,0%
5,0%
4,0% -
3,0%
2,0%
1,0%
0,0%

Outwall ==Roof

It is clear that insulation of opaque envelope sake important role among energy savings
measures. In details, roof insulation accountsribset relevant impact in both summer and
winter case. In case of outwall and ground slamarease of insulation corresponds to an
increase of heating energy savings and a decréaselong energy savings, while in roof
case insulation increase causes energy savingsydalfithe year. This is due to the fact that
most of roof surface is south oriented and a msptar absorption is caused by dark color of
tiles.

WindowType - Heating needs gains WindowType - Cooling needs gains
2[00/0 § 6,0‘%)
0,0% 4,0%
2,0%
-2,0%
0,0%
-4,0%
e -2,0%
~5,0% 4,0%
-8,0% -6,0%
-10,0% - -8,0%
e \W T e \WTS e \WTR —WT e \WTS e \WTR

Figure 6. Impact of window type (see table 2) oargg demand gains — RB scenatrio.

Results related to window type clearly show theantf g-value and window orientation on
transparent envelope performances. A differentiatfornindow type based on optimization

of these parameters could be desirable takingaotount also shading devices geometry and
window dimensions (see figure 7).



Results based on other scenarios revealed mostiathe curves, but it is clear that the
higher performances are set in initial scenarios higher is impact of parameter variation in
terms of percentage of energy demand.

South windows dimensions - gains

Roof window dimension- gains
3,0% :

2,0% -
1,0% -
0,0% -

25,0%
20,0% -
15,0% -
10,0% -
-1,0% 5,0% -
2,0% - 0,0% -
-3,0% - NG -5,0% -
-4,0% - \ -10,0% -
-5,0% -15,0%
e TOT e HEAT =~ e COOL TOT HEAT COOL

Figure 7. Impacts of roof window dimension and sh@averhang length on total energy
demand — RB scenario.

METHODS — ECONOMICAL OPTIMIZATION

In accordance with the EPBD, global cost calcufegicesult in a net present value of costs
incurred during a defined calculation period, takinto account the residual values of
components with longer lifetimes. Following the m@dare described in the European
Standard EN 15459 [7], global cost is directly Badkto the duration of the calculatieand it
can be written as:

C,(1)=C +Z[ic&,m-Ffdu)—vf,,(f)j (1)

whereCg represents the global cost referred to startirsg 44eC, is the initial investment
cost,C,; () is the annual cost for compongit the year (including running costs and
periodic or replacements costR),(i) is the discount rate for yean, is the final value of
componenj at the end of the calculation period (referrethestarting yeaty).

In the context of cost optimal research in thishrodtcosts are written as function of
parameters p. So the terms of the previous equagoome:

C=Xf(p) @ C,()=f (o) @

Wherefi(p) is the cost function of the compongmelated to parametex

Investment Cost Parameter Unit Unit cost function (€/unit)
Outwall internal insulation ResO m 37.639*exp(0.351*In(ResO))
Slab insulation ResS m 38.115*exp(0.186*In(ResS))
Roof insulation ResR m 43.478*exp(0.309*In(ResR))
Window Type 1 Area M 349.35x+28.17
Window Type 3 Area M 390.85x+29.37
Window Type 4 Area M 454.16x+36.62
Window Type 5 Area M 460.45x+34.45

Table 4. Cost function of parameters.



Cost functions were determined combining Frencbeplists [8] and quotations of local
construction companies, all costs are comprehemsitieman work and installation costs.
Cost analysis revealed that insulation cost funsteme exponential functions, while window
cost were simplified in linear function.

A typical all-electrical energy system was conseédiermwhose investment cost is 300 €/kW of
maximal power installed, with a replacement timd Bfyears. Energy price was assumed
equal to current prices of major electricity compgarivased on difference in tariffs for night
and day. In details, costs were fixed equal to @6@7#&/kWh during the night and 0.11442
€/kWh during the day. Market interest rate was agslita be 4%, calculation period is 30
years.

RESULTS — ECONOMICAL OPTIMIZATION

All combination of parameters value performed bydpgmization program can be
considered as a package of Energy Efficiency Measaccording to the European
Guidelines [9]. Note that in (1) only variable coslated to variation of parameters were
considered. So the objective function of optimizatiepresents the global cost for each EEM.
Particle Swarm Optimization algorithm for discreteiables was used.

The first optimization run was performed only wthrameters related to opaque and
transparent envelope resistance as variables. Gaop&ameters (window dimensions and
shading overhang length) were fixed equal to RBiesl

Here below cost values are shown referred to pgireaergy consumption (primary energy
conversion factor for electricity in France is elgiwa2.58). Values are normalized to GFA.

Cost Optimal and EEMs - fixed geometry parameters

EEMs
430 c
1 Cost optimal
410 curve
390
E A=RB
o 370
© B = Max
350 Investment cost
830 C = Min
310 Investment cost
100,00 150,00 200,00 250,00 300,00 350,00 O = Cost Optimal

kWh,,/m?
Figure 8. Cost optimal curve for RB geometry

Cost Optimal level corresponds to 343 &far a primary energy consumption of 120
kWhe/m?/year. In details, ResO is 1.75Kin/kJ, ResR is 2.5 fiKh/kJ, ResS is 2 fikh/kJ
and window type is 5. The maximal investment costesponds to the minimal energy
consumption and leads to a global cost of 353 &ihile the minimal investment cost
corresponds to the maximal energy consumption wWieiatis to a global cost of 431 €/m
A second optimization run was performed in ordeestimate the variation of global cost
with variation of window dimension. In this casestoptimal corresponds to 297 €ffor a
primary energy consumption of 120 kwm2 year. In details, ResO is 1.75Ki/kJ, ResR is
3 nPKh/kJ, ResS is 3 fikh/kJ. South oriented window area is half of RB dows area and
WTS is 3. Roof window area is equal to 0 and windgpe of other windows is 5. Talking
about window dimension, internal comfort and ndtlight should be considered before
taking decision to reduce window area.



Cost Optimal and EEMs - all parameters e EEMs
500
Cost Optimal
450 Curve
A = max insulation,
~ 400 -+ max window area
£
Pw) B = Max insulation,
=50 Min window area
300 C = Mi'n insulation
min windows area
250 D= mip insulation
100,00 150,00 200,00 250,00 300,00 350,00 max window area
kWh,,/m? O = Cost Optimal

Figure 9. Cost optimal curve based on variatioallbparameters.
DISCUSSION

As cost of electricity is quite high, it is cledwat considering global cost for 30 years an initial
high investment cost in high-performances of erpelis recommended also from
economical point of view. This is only an examls this work attempted to establish a fast
and precise procedure for optimization which cdagdapplied to different case-studies. It is
known that the use of more efficient energy systemld lead to different solution. Moreover,
further studies have to be performed in terms n§ity analysis based on variation of
financial data and product costs.
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