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Introduction

e As a part of the effort of reducing CO2 in the EU, new regulatory

requirements regarding energy use and energy efficiency has been
implemented since 2010

e Near zero energy buildings (nZEB) was defined in the Spanish
building code in 2019

e Zero energy buildings (ZEB) was a proposed EU directive for 2027*

*not implemented
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Main objectives

What are the minimum configurations and qualities Iin newoffice
buildings in Barcelona in relation to the requirements of:

CTE-HE 2019 (nZEB)
The planned European directive (ZEB)

How do the regulatory frameworks promote Dbuildings with Ilow
energy demand and consumption?

What is currently a feasible best case scenario configuration?

TIMEPAX FINAL CONFERENCE | 4 October 2024



Methodology:
1) Identification of building types and reference geometries

BCN Urban information portal SketchUp

22@
La Marina del Prat Vermell (MPV)
'[ A
' 2 repr.
Proiect ldentify main Identify building Sample Yes Extract geometries
initi:jtion —> areas of —> types and —Psize floor area >——p representative - — — - — - >
economic activity functions of areas >95%? geometries
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Methodology:
1) Identification of building types and reference geometries

La Marina del Prat Vermell (MPV)

IIZIZI@IIIIIIIIIIIIIIIIIIIIIIIIIIIII. Free-standing
= La Marina del Prat Vermell (MPV) =

Floor area: 875 m?

A
Main orientations: NW - SE
Extract Building type: GF+6, h=3.5m
—) representative ' -
geometries
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Methodology:
2) Parametrisation and simulation

SketchUp SGSave OpenStudio PAT EnergyPlus
69,120
Parametrisation scenarios output.csv
—> (HE1) ) A
-> Parametrisation _)<> :
reference models v ——Y  Simulation = —) Data extraction - )
g y

324 reference
models
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Methodology:
2) Parametrisation and simulation

Parameter Value

22@

Geometry MPV

Low
Parametrisation Internal loads Medium

reference models High

8h

Geometry Operating hours  12h
Internal loads 16h

Operating hours

WWR SE 30%

WWR NO WWR SE 60%
' 90%

30%
WWR NO 60%
90%

Constant
CO2 sensor
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Methodology:
2) Parametrisation and simulation

Parameter Value

CTE DB HE1 Minimum
CTE DB HE Appendix E

Thermal envel
ermal envelope Improved envelope, g = 0.6

Parametrisation Improved envelope, g = 0.3
(HE1)

Without solar protection
Fixed exterior, minimum effect (0.55)

Thermal envelope Solar protection Mobile interior, small effect (0.4)
Solar protection Fixed exterior, moderate effect (0.25)
Natural ventilation Mobile exterior, large effect (0.15)
Thermal mass
Lighting sensor Without natural ventilation
Lighting efficiency Natural ventilation 5 ach

10 ach

Without thermal mass

Thermal mass
With themal mass

Without lighting sensor

Lighting sensor With lighting sensor

VEEI minimum (5 W/m2)
VEEI optimised (10 W/m?2)
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Methodology:
2) Parametrisation and simulation

SketchUp SGSave OpenStudio PAT EnergyPlus
: ..... 6 9120
Parametrisation = scenarios : Output.csv
—> (HE1) ) A
-> Parametrisation _)<> :
reference models v ——Y  Simulation = —) Data extraction - )
g y
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Methodology:
3) Post-processing of results and extraction of indicators

Python Excel
3 Parametrisation
69,120 (HEQ) ) 622,081 Check
scenarios scenarios compliance - .\l
1
Extract demand, Calculate final Compare _><+> [
) <> : Kg, Qsol consumption Scenarios to 1 4
reference model I
* * Calculate i _"
- / Apply system ey enerey EPC rating
324 reference = conversion
models factors
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Methodology:
3) Post-processing of results and extraction of indicators

Python Excel
Parametrisation Parameter Value
(HEO)
Heat pump
Climate control type  District heating and cooling
Climate control type VRF
PV production

Less than minimum
PV production CTE DB HE
BCN Code
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Methodology:
3) Post-processing of results and extraction of indicators

Python Excel
Parametrisation . ...eessssa
f+ n
69,120 (HEO) " Check B
scenarios sscenarios | compliance .\l
1
Extract demand, Calculate final Compare _><+> 1
) :: Kg, Qsol consumption SCEnarios to e 4
reference model I
* * Calculate _"
L el s SEENE EPC rating
324 reference e ol
models factors
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Methodology:
3) Post-processing of results and extraction of indicators

Python Excel
3 Parametrisation
69,120 (HEQ) ) 622,081 Check
scenarios scenarios compliance - .\l
1
Extract demand, Calculate final Compare _><+> [
) <> : Kg, Qsol consumption Scenarios to 1 4
reference model I
* * Calculate i _"
- / Apply system ey enerey EPC rating
324 reference = conversion
models factors
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Methodology:
3) Post-processing of results and extraction of indicators

Python Excel
CTE DB HE 2019 (nZEB)
HEO:
Total Primary Energy (Cep,tot)
Non-renewable Energy (Cep,nren) EPC rating:
Check HE1: Calculate CO2 emissions
compliance Global Envelope Coefficient (Kg) EPC rating Non-renewable Energy (Cep,nren)
Solar Control (Qsol) Heating demand (kWh/m2)
Heating demand (kWh/m?2) Cooling demand (kWh/m2)

Cooling demand (kWh/m2)
EU Directive ZEB (EPDB Recast)
Total Primary Energy (Cep,tot)
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Methodology:
3) Post-processing of results and extraction of indicators

Python Excel
3 Parametrisation
69,120 (HEQ) ) 622,081 Check
scenarios scenarios compliance - .\l
1
Extract demand, Calculate final Compare _><+> [
) <> : Kg, Qsol consumption Scenarios to 1 4
reference model I
* * Calculate i _"
- / Apply system ey enerey EPC rating
324 reference = conversion
models factors
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Methodology:
4) Analysis of results, 5) Synthesis and conclusions

Python Excel PowerPoint Word

High impact parameters
Compliance CTE DB HE 2019 (nZEB)
Compliance ZEB (EPBD Recast)

No
A
: : Graphical Yes . :
Indicator analysis, ! : : All results Synthesis i Conclusions,
> parameter crossing répresentation analysed? > of study presentation

of data
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Results & discussion

e Compliance distribution
e Parameteranalysis
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Compliance nZEB vs ZEB

Low | Medium ' High
Distribution by
occupancy hours -
and internal loads
intensity ———
ZEB “. BB 7EB

® Complies CTE 2019

Does not comply CTE 2019

X
—--- Limit value ZEB —_—
0 240

Non-Renewable Primary
Energy (kWh/m2.year)
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Compliance nZEB vs ZEB

LE B B B B B n o o ok B R B o m a8 B
ZEB "r—1ZBB 17

Distribution by il
occupancy hours I\/Ilnlmu_m
and internal loads scenario

|ntenS|ty — ﬂlllllllll.:llllllll

8h

ZEB : ZEB “  ZEB
.J L]
i Medium - :
= ™ e
- ! i S
—~ » . s
L : il L d
« - SCenario -
s
| NN NN NN NN
‘  ZEB T “[_[ZEB ' s ZEB n
. s i
" . n
: aximum
o o i f ]
° 3 | .
.\ . = n
i -
«  Scenario :
. n
. |
X 140 4 Y ; .
. r _— o — Non-Renewable Primary Heating + Cooling demand
® Complies CTE 2019 Does not comply CTE 2019 —-- Limit value ZEB e D s T PR o
0 240 Energy (kWh/m2.year) 0 (kWh/m2.year)
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Compliance nZEB vs ZEB
Minimum Medium Maximum
scenario scenario scenario
140 = 140 : 140
g ZEB ! ZEB |
g > —3
. : E
S & | '
% E ll“-l ]
& V]

0 200 O 200 0 200

® Complies nZEB
Does not comply nZEB

»*%  Complies ZEB

s
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Compliance nZEB vs ZEB

LR RN NN NRERNERNEHNHEHRE"™
' EREEEERESRERRR L
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Minimum Mediy
scenario scena@

140

140 140

N
[T]
vy
N
[T]
vy

|

Demand Cooling + Heating
(kWh/m2-year)

o
N
r—-‘-—

0 200 O 200 0 200

Complies nZEB
® Does not comply nZEB
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Parameter
analysis

Percentage of
compliance by
parameter value

TIMEPAZ

Compliance Compliance Compliance EU
Percentage of cases that comply and the HEO HEO Compliance . Compliance Directive
parameter definition appears (Cep,tot,lim - | Cep,nren,lim Qsol;jul Compliance Kg CTE 2019 2021/0426
kW-h/m?-year) |(kW-h/m?year) (coD)
Lighting With lighting sensor 100 99 86 84 75 54
sensor Without lighting sensor 100 88 86 82 66 39
IEQ CO2 sensor 100 95 86 84 72 52
ventilation Constant 100 92 86 82 69 42
Thermal With thermal mass 100 94 86 84 71 48
mass Without thermal mass 100 93 86 82 69 46
Fixed exterior minimum effect (0.55) 100 93 100 84 79 46
Solar Fixed exterior moderate effect (0.25) 100 95 100 86 82 48
. Mobile exterior large effect (0.15) 100 95 100 86 82 49
protection — -
Mobile interior small effect (0.40) 100 93 78 82 65 46
Without solar protection 100 92 53 77 45 45
Natural 10 ACH 100 96 86 90 76 53
I 5 ACH 100 96 86 88 75 51
ventilation
Without natural ventilation 100 89 86 72 60 36
Lighting VEEI minimum (10 W/m?2) 100 88 86 82 65 26
efficiency VEEI optimised (5 W/m2) 100 99 86 84 75 68
CTE DB HE Appendix E 100 94 80 71 58 48
Thermal Improved envelope, g = 0.3 100 94 100 96 90 46
envelope Improved envelope, g = 0.6 100 93 84 95 77 47
CTE DB HE1 Minimum 100 94 80 70 57 47
30% NO 100 94 95 86 78 47
WWR NO 60% NO 100 94 85 85 71 47
90% NO 100 93 78 77 62 47
30% SE 100 93 97 100 90 45
WWR SE 60% SE 100 94 87 80 68 48
90% SE 100 94 75 69 53 48
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P t Compliance Compliance Compliance EU
arame er Percentage of cases that comply and the HEO Compliance ¢ i K Compliance Directive
) parameter definition appears Cep,nren,lim Qsol;jul ompliance £g CTE 2019 2021/0426
[
analySlS m kW-h/m?.year) TkW-h/m?-year) (cob)
Lighting With lighting sensor u 100 4 99 86 84 75 54
sensor Without lighting sensor . 100 : 88 86 82 66 39
g ventilation Constant u 100 = 92 86 82 69 42
com li ance b Thermal With thermal mass 100 & 94 86 84 71 48
p y mass Without thermal mass 100 = 93 86 82 69 46
pa ra m e-te r Va I u e Fixed exterior minimum effect (0.55) @ 100 : 93 100 84 79 46
Solar Fixed exterior moderate effect (0.25) ™ 100 = 95 100 86 82 48
protection Mobile exterior large effect (0.15) 100 : 95 100 86 82 49
Mobile interior small effect (0.40) ™ 100 = 93 78 82 65 46
Without solar protection 100 : 92 53 77 45 45
Natural 10 ACH 100 m 96 86 90 76 53
- 5 ACH 100 * 96 86 88 75 51
ventilation - — [
Without natural ventilation 100 w 89 86 72 60 36
Lighting VEEI minimum (10 W/m2) E| 100 : 88 86 82 65 26
efficiency VEEI optimised (5 W/m2) u 100 w 99 86 84 75 68
CTE DB HE Appendix E :{ 100 : 94 80 71 58 48
Thermal Improved envelope, g = 0.3 n 100 g 94 100 96 90 46
envelope Improved envelope, g = 0.6 :{ 100 : 93 84 95 77 47
CTE DB HE1 Minimum u 100 o 94 80 70 57 47
30% NO . 100 = 94 95 86 78 47
WWR NO 60% NO u 100 : 94 85 85 71 47
90% NO 100 = 93 78 77 62 47
30% SE 100 & 93 97 100 90 45
WWR SE 60% SE 100 m= 94 87 80 68 48
90% SE 100 ™ 94 75 69 53 48
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Compliance Compliance Compliance EU
Parameter Percentage of cases that comply and the HEO HEO Compliance . Compliance Directive
° parameter definition appears (Cep,tot,lim - | Cep,nren,lim Qsol;jul Compliance Kg CTE 2019 2021/0426
analySlS kw:h/mZyear) |(kw:h/mZyear) {cob)
Lighting With lighting sensor 100 99 86 84 75 54
sensor Without lighting sensor 100 38 36 82 66 39
Pe rce n-tage Of IEQ €02 sensor 100 95 86 84 72 52
ventilation Constant 100 92 286 82 69 42
CO m p | I a n Ce by Thermal With thermal mass 100 94 86 84 71 48
it I 100 93 .._._._._._.95_.. 82 69 46
pa ra m e-te r Va I u e - Fixed exterior minimum effect (0.55) 100 93 g 100 84 79 46
: Elar Fixed exterior moderate effect (0.25) 100 95 : 100 : 86 82 48
% protection Mocbile exterior large effect {0.15) 100 95 g 100 o 86 82 49
u Mobile interior small effect (0.40) 100 93 m 78 ® 82 65 46
. Without solar protection 100 92 ¥ 53 ® 77 45 45
NatiFsl A 100 96 85 20 76 53
ventilation 5ACH 100 96 86 a8 75 51
Without natural ventilation 100 89 36 72 60 36
Lighting VEEI minimum {10 W/m2) 100 88 86 82 65 26
| efficiency | _ __ VEFLoptimised (5 W/m2) _ _ 100 99 86 .\ w88y 75 68
' "~ CTE DB HE Appendix E ‘ 100 94 80 » S 58 48
Thermal Improved envelope, g=0.3 100 94 100 96 90 46
envelope Improved envelope, g=0.6 100 93 34 95 77 47
: . CTE DB HEL Minimum 100 A pnmmmnla™ 70 57 47
:rrrrrrlTrrrrrrrgbgm-b'rrrrrr- 100 91 » o5 : 2 -8 07
| WWR NO 60% NO 100 94 : 85 m 85 71 a7
Ty NI BoRNG _ 1 100 93 u 78 By Jh, 62 47
& 30% SE » 100 93 : 97 a 100 90 45
:: WWR SE 60% SE L 100 94 u g7 = 20 68 48
=y 90%SE s 100 94 ® 75 2 69 53 48
EiSSSESESESENESEEERERENE = R T S
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Parameter
analysis

Percentage of
compliance by
parameter value
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[
Compliance Compliance u ompliance EU
Percentage of cases that comply and the HEO HEO Compliance compliance KE Compliance Directive
parameter definition appears {Cep,tot,lim - | Cep,nren,lim Qsol;jul CTE 2019 2021/0426
kW-h/m?vyear) [(kW-h/m?.year) : (coD)
Lighting With lighting sensor 100 99 36 34 : 54
sensor Without lighting sensor 100 28 86 82 : 39
IEQ €02 sensor 100 95 86 84 u 52
ventilation Constant 100 92 36 82 : 42
Thermal With thermal mass 100 94 86 84 g 48
mass i S 100 93 36 g2 = 46
Fixed exterior minimum effect (0.55) 100 93 100 84 : 46
solar Fixed exterior moderate effect (0.25}) 100 95 100 86 : 48
BEOteEHS Mobile exterior large effect {0.15 100 95 100 86 u 49
Mobile interior small effect (0.4 100 93 73 82 m 46
Without solar protection 100 92 53 77 : 45
Natural : 100 96 86 90 : 53
ventilatiors 100 o ok 8 u =
Without natural ventilation 100 89 86 72 m 36
Lighting { VEEI minimum {10 W/m?2) 100 88 86 3= 26
efficiency 100 99 86 84 m 68
“TE DB HE Append 100 94 80 718 48
Thermal 100 94 100 % m 46
envelope Improved envelope, g=0.6 100 93 84 95 : 47
CTE DB HE1 Minimum 100 94 80 70 m a7
30% NO 100 94 95 86 : 47
WWR NO 60% NO 100 94 85 85 m a7
90% NO 100 93 78 77 n 47
30% SE 100 93 97 100 5 45
WWR SE 60% SE 100 94 a7 30 = 48
90% SE 100 94 75 69 & 48




Parameter
analysis

Percentage of
compliance by

parameter value

TIMEPAZ

Compliance Compliance Compliance EU
Percentage of cases that comply and the HEO HEO Compliance Compliance Kg Compliance Directive
parameter definition appears (Cep,tot,lim - | Cep,nren,lim Qsol;jul CTE 2019 2021/0426
kw-h/m?vyear) [(kW:h/m?year) {cOoD)

Lighting With lighting sensor 100 99 86 84 75 54 E
sensor Without lighting sensor 100 83 86 82 66 39

IEQ CO2 sensor 100 95 86 84 72 52 E
ventilation Constant 100 92 86 82 69 42

Thermal With thermal mass 100 94 36 84 71 42 E
mass Without thermal mass 100 93 86 82 69 46
Fixed exterior minimum effect (0.55) 100 93 100 34 79 46
solar Fixed exterior moderate effect {0.25) 100 95 10Q 86 82 48
Grotection Mobile exterior large effect {0.15) 100 95 100 86 82 49
Mobile interior small effect (0.40) 100 93 78 82 65 46
Without solar protection 100 92 53 77 45 45
Natural : 100 96 26 90 76 : 53
ventilatior® 100 96 a6 88 75 o 51
Without natural ventilation 100 89 86 72 60 H 36

Lighting VEEI minimum !10 W/m2) 100 38 36 82 65 : 26 E
efficiency. VEEI optimised (5 W/m?2 100 99 86 84 75 m 68
Appendix 100 94 80 71 58 : 48
Thermal Improved envelope, g=0.3 100 94 100 96 9 m 46
envelope Improved envelope, 5=0.6 100 93 84 95 77 : 47
CTE DB HE1 Minimum 100 94 80 70 57 m a7
30% NO 100 94 95 86 78 : 47
WWR NO 60% NO 100 94 85 85 71 g a7
90% NO 100 93 73 77 G2 H 47
30% SE 100 93 97 100 90 45
WWR SE 60% SE 100 94 87 80 68 48
90% SE 100 94 75 69 53 48
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Conclusions

Compliance:

e No cleartrendis observed where nZEB guarantees a
building with low demand and consumption, mainly due
to prescriptive limitations and indicators rather than
performance-based ones

e The HEO primary energy consumption limit needs to be
restricted further to have relevance

e /EB could be revised to offer flexibility with an
Increased intensity of use, to avoid favouring low-
occupancy buildings

TIMEPAX FINAL CONFERENCE | 4 October 2024



SO

societat organica

Conclusions

Parameter analysis:

Desirable configurations to comply with nZEB and ZEB:

 Reducing internal loads with lighting control and lighting
efficiency

 Reducing solar gains with efficient solar protection and/or
optimised WWR

 Free cooling using natural ventilation
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Conclusions
e High efficiency lighting
with sensor
o C.OZ sensor for ventilation Medium
e High thermal mass and scenario

natural ventilation

Medum12

ZEB

e |Improved thermal envelope,
g=0.6, combined with
effective, exterior adjustable
solar shading

e 60% WWR towards north
and 30% WWR towards
south

o Efficient systems (VRF)and
maximised PV production
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Conclusions: Best-case scenario
e High efficiency lighting

with sensor
o C.OZ sensor for ventilation Medium
e High thermal mass and scenario

natural ventilation

Medum12

ZEB

e |Improved thermal envelope,
g=0.6, combined with
effective, exterior adjustable
solar shading

e 60% WWR towards north
and 30% WWR towards
south

o Efficient systems (VRF)and
maximised PV production
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Future application: Existing buildings and renovations

1. Initial analysis, definition of scenarios & scope

~—>» Analyse EPC databases ——

Is the scope big
enough to yield useful
results within a reasonable
timeframe?

Building characteristics

Identlfx main areas of Energy performance > % Refine scope of study
interest Performance typology

Project
initiation

_)

Systems
Areas
Typologies
Analyse identified areas YPOIog
—> ; — Performance
for modelling —
indicators
- . Parameters
Building function .
_ (commercial) and
Urban fabric type
: : enhancement
Associated typologies ,
scenarios
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Future application: Existing buildings and renovations

1. Initial analysis, definition of scenarios & scope

u [ ]
¥ Analyse EPC databases —=~

|
u []
u [ ]
- u Is the scope bi
= Building characteristics - enough to yi:Id ufeful v
Project Identi i f €s
rreeet oy, e |fy.v mainereas ot /. Energy performance = P Refine scope of study results within a reasonable )= = »
initiation interest = Performance typology " .
" . - timeframe?
u stems
. :
G EEEEEEEEEEEEEEEENEER Areas
: : Typologies
Analyse identified areas YPOIog
—> ; — Performance
for modelling —
indicators
. . Parameters
Building function .
_ (commercial) and
Urban fabric type
: : enhancement
Associated typologies ,
scenarios
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Future application: Existing buildings and renovations

1. Initial analysis, definition of scenarios & scope

-IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII.
. -
n | |
|
~—Y Analyse EPC databases — a -
. .
. s the scope big .
Building characteristics . enough to yield useful Vest
Project Identify main areas of E f " -
TTOISEE Ty, fy — nergy performance =P Refine scope of study results within a reasonable )= 2)»
initiation interest Performance typology = . -
m timeframe? .
Systems - .
= Areas .
Typologies -
Analyse identified areas . YPOIog =
—> — »  Performance u
for modelling . u
a indicators "
" Parameters .
Building function - . =
) . (commercial) and -
esadaten ypoioges 5 enhancement :
ypolog = scenarios :
|
‘IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII.
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Future application: Existing buildings and renovations

Parametrisation
(enhancement —
scenarios)
Model representative
Generate reference : _
- - - energymodelsof —p models —> Intensity of — Simulation - =)
existing buildings refurbishment

Change of intensity in

use
3. Analysis of results, conclusions

Compare enhanced

--> Extract relevant } h
indicators scenarios to the
reference model
Demand ¢ .
. Check relevant . . Condlusions
Consumption Analysis & graphical All results
: compliance and/lor ——p ysis & grap and

representation of results analysed?

certification presentation
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Future application: Existing buildings and renovations

Parametrisation
(enhancement
scenarios)

J

R Generate reference

-——=) en.er.gymO(IiE!S of —> models
existing buildings

Intensity of —> Simulation --p
refurbishment
Change of intensity in

use

Compare enhanced

Extract relevant
- = P . —> scenarios to the
indicators

reference model

Demand ¢ .

. Check relevant . . Condlusions
Consumption Analysis & graphical All results
: compliance and/lor ——p ysis & grap and

representation of results analysed?

certification presentation
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If you would like further information, please contact us at

pgonzalez@societatorganica.com
lvolpi@societatorganica.com
amoyano@societatorganica.com
hegerlid@societatorganica.com
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