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1. REFRIGERATION DEMAND ANALYSIS FOR THE BASE MODEL

e DesigBie - BADAKIZ_ S AE-50-O cupacCamesida b - Modelo - Sio, Edfica nueva - o x
P R —n—— Tipo devsts premiien | I | e

SR MM I Ais 11 PLI~Er FEIE LS

e

OE4rZ Orbita dimamica
= Para oA S 008 TANlNGa presonat o bolin 2o
) o mierivas musus o =t0n. Pusds haoerlo uaients
6 Eidficin usva = § maraniend pulsadala rueda canial mianiras musve ol atén

Ty X gancslar ooty

| P ey [y oy ey [ T T
sy

Case 0. Base simulation model (with the enclosure data provided by the EWC EA).

Temperaturas, Ganancias de Calor y Consumo Energético - Sitio, Edificio nuevo
EnergyPlus 1 Jun - 30 Sep, Anual Educativa

Wl Refrigeracion (Electricidad) (Whim?)
46000

44000

42000

40000

Combustible (Whim?®)

38000 —

[ Ocupacion (Wh/m?) [ Gan. Solares Ventanas Ext. (Wh/m?) Il Refrig. Sens. de Zona (Wh/m?)
I

40000

20000

]

M Enfriamiento Sensible (Wh/im®) M Enfriamiento Total (Wi

Balance Térmico (Wh/m?)

-30000
-32000
- -34000
= 36000
= -
z
-38000
-40000
-42000 i
Ar‘ﬁu
Refrigeracion (Electricidad) (WWh/m?) 41789,65
Ocupacion (Wh/m?) 14896,48
Gan. Solares Ventanas Ext. (Wh/m?) 53330,07
Refrig. Sens. de Zona (Wh/m?) -30033,04
Enfriamiento Sensible (Wh/m?) -30072,56
Enfriamiento Total (Wh/m?) -41789,65

Demand values for the whole building = 41,78965 kWh/m?
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2. ANALYSIS OF THE COOLING DEMAND FOR THE FAVE SYSTEM
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Base simulation model, incorporating only the FAVE system.

Temperaturas, Ganancias de Calor y Consumo Energético - Sitio, Edificio nuevo
EnergyPlus 1 Jun - 30 Sep, Anual Educativa

I Refrigeracion (Electricidad) (Wh/im?)

40000
38000
38000
37000
36000 +
35000 +
34000 —
33000 ~

Combustible (Whim?)

[ Ocupacién (Wh/m®) [ Gan. Solares Ventanas Ext. (Wh/m?) -\ Refrig. Sens. de Zona (Wh/m?)
40000
30000
20000

10000 —

-10000
-20000

Balance Térmico (Whim?

Il Eniriamiento Sensible (Whim?) I Enfriamiento Total (Wh/m?)
—

-26000

-28000

-30000

Whim?)

-32000

-34000

-36000

Ar“iu

Refrigeracién (Electricidad) (Wh/m?) 3668848
Ocupacion (Wh/m?) 14921,74

Gan. Solares Ventanas Ext. (Wh/m?) 44547 37
Refrig. Sens. de Zona (Wh/m?) -2537292
Enfriamiento Sensible (Wh/m?) -25403,87
Enfriamiento Total (Wh/m?) -36688,48

Demand values for the whole building = 36,68848 kWh/m?
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3. COOLING ANALYSIS FOR THE FAVE SYSTEM -EAST- AND ARBORETUM SYSTEM -WEST

i Designilulder - BADAJOZ FAVE-80-sokofSTE-OcupacComegida e - Mardela - Stio, ificio nueve - o x
Archve Egta T Vil Paeamentss Ay Tipo devistn | dssrcediicn | | e
Informacin, Ayuda
=
Ortits dimamica

Para “ortikar” i modeln mankenga presionaro el bolén izquierdo
kra: misees 81 3160, PUSDE Na0RNG | uBimEntE
anlanEnoa pulE303 12 FUEDA CaNal MIATYaS MUBS 81 ratin,

X gancsiar oraa.

| P =3 Jsminein [ 675 | [ Comey Catirs |

Case 2. Simulation of FAVE system on the East face + trees on the West face

Temperaturas, Ganancias de Calor y Consumo Energético - Sitio, Edificio nuavo

EnergyPlus 1 Jun - 30 Sep, Anual Educativa
W Refrigeracion (Electricidad) (Wh.
32000
o« 31000
E
< 30000
=)
o 29000 —
=
2 28000
g
S 27000 -
26000
—_— [ Ocupacion (Wh/m?) [_] Gan. Solares Ventanas Ext. (Wh/m?) _ Refrig. Sens. de Zona (Wh/m?)
=
E 20000
z
= 10000 ~
e
E
2 0
@
]
m
e ——————————————————————————————— ———————— ——————— |
Hl Enfriamiento Sensible (Wh/m?) Il Enfriamiento Total (Wh/m?)
18000 — L]
-20000
- -22000
3
< -24000
z
-26000
-28000
)
Afio
Refrigeracion (Electricidad) (Wh/m?) 29011,75
Ocupacion (Wh/m?) 14989 14
Gan. Solares Ventanas Ext. (Wh/m?) 2927792
Refrig. Sens. de Zona (\Wh/m?) -18482,99
Enfriamiento Sensible (Wh/m?) -18498,38
Enfriamiento Total (Wh/m?) -29011,75

Demand values for the entire building = 29.01175 kWh/m?
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4.1. Using an air gap substrate layer in the simulation
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Case 3.1. Simulation of FAVE system on East face + trees on West face + addition of
10cm substrate layer with 5cm air chamber (eliminating gravel).

Temperaturas, Ganancias de Calor y Consumo Energético - Sitio, Edificio nuevo
EnergyPlus 1Jun - 30 Sep, Anual Educativa

Hl Refrigeracion (Electricidad) (Wh/im?)
32000 2 : =

31000
30000

23000
28000 —
27000 —

Combustible (Whim?)

26000 —

[ Ccupacion (Wh/m®) [ Gan. Solares Ventanas Ext (Wh/m*) Il Refrig. Sens. de Zona (Wh/m?)
|

30000

20000

10000

-0
o -:
.’ |

-20000 —

Balance Térmico (Whim?)

18000 _|MEM Enfriamiento Sensible (Wh/m?) I Enfriamiento Total (

-20000

-22000

-24000

Whim?)

-26000

-28000

Ar'liu

Refrigeracion (Electricidad) (Wh/m?) 28947 16
Ocupacion (Wh/m?) 1499113

Gan. Solares Ventanas Ext. (Wh/m?) 2927792
Refrig. Sens. de Zona (Wh/m?) -18436,17
Enfriamiento Sensible (Wh/m?) -18451,13
Enfriamiento Total (Wh/m?) -28947 .16

Demand values for the whole building (very similar figures after placing an air
chamber and a substrate, removing the gravel layer) = 28,94716 kWh/m?
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This is a point to be made at this point, since simplifications are often assumed that can alter
the results, as is the case here. Since, in order to conveniently simulate the effect of a
vegetation cover, a series of detailed data on plant types, height, reflectivity, emissivity of the
same, among other issues related to the definition of the cover/s implemented, a couple of
studies have been considered in parallel, to analyze the effect of the vegetation cover in
different ways:

The first (4.2.), consists of placing an object (block) that produces shading on the upper floor
roof, in order to simulate the effect of the vegetation on it. This object is 10 cm from the
surface (simulating an air chamber) and measures 10 cm thick.

The second study (4.3.), more basic but more appropriate, allows comparing the effect of two
types of roofs (predefined in the Design Builder simulation program), considering that both
solutions have the same transmittance: one has no vegetation ("Non-EcoRoof") and the other
has vegetation (basically defined by Design Builder as "EcoRoof", which will be broken down
below to see its composition and characteristics).

Both test "cubes" have been located in Badajoz, and the same "teaching areas" template, also
defined for the models described above, has been applied to them.

4.2.Using 10 cm thick adiabatic shading objects in the simulation, separated by
another 10 cm from the current canopy
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Case 3.2. Simulation of the FAVE system on the east side + trees on the west side +
addition of a 10 cm thick flat shading object, separated 10 cm from the roof.
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Temperaturas, Ganancias de Calor y Consumo Energético - Sitio, Edificio nuevo
1Jun - 30 Sep, Anual Educativa
Wl Refrigeracion (Electricidad) (Whim®
30000
o
£ 29000
=
% 28000
=
w 27000
2
5 26000
o
25000 —
[ Ocupacion (Whim?) [ Gan. Solares Ventanas Ext (Whim?) I Refrig. Sens. de Zona (Wh/m?
30000 +
Ll
‘E 20000
£
= 10000 —
I
£
= 0
E e _:
&
Bl Enfriamiento Sensible (Wh/m?) I Enfriamiento Tolal (Whim=
—
-18000
20000
B
E 22000
z -24000
-26000
-28000 ‘
Afio
Refrigeracion (Electricidad) (Wh/m?) 2770213
Ocupacion (Wh/m?) 15009,30
Gan. Solares Ventanas Ext. (Wh/m?) 2927542
Refrig. Sens. de Zona (Wh/m?) -17358 62
Enfriamiento Sensible (Wh/m?) -17370,02
Enfriamiento Total (Wh/m?) -2770213

Demand values for the whole building (with a 4.51 % reduction in cooling demand,
compared to case 2) = 27.70213 kWh/m?

The comparison of the different cases described above (Case 0, 1, 2 and 3.1 / 3.2), resulting
from the addition of solutions to the initial model, yields the following energy demand
reduction data.

CASE 0 CASE 1 CASE 2 CASE 3.1
Without FAVE With FAVE -only on east fagade- (kWh/m2 )| With FAVE -East- and Trees -West- (kWh/m2) With FAVE -East- + Trees -West- + Substrate (kWh/m2)
(kWh/m2)
41,78965 36,68848 29,01175 28,94716

Reduction with respect to Case 0

Reduction with respect to Case 0

Reduction with respect to Case 0

12,21%

30,58%

30,73%

Values with respect to Case 2
0,22%

CASE 3.2

With FAVE -East- + Trees -West- + ShadeCover (kWh/m2 )

27,70213

Reduction with respect to Case 0

33,71%

Values with respect to Case 2

4,51%

SUMMARY TABLE OF COMPARATIVE CASES OF FACADE AND ROOFING SOLUTIONS

The values in kWh/m? have to be taken with extreme caution, since the model has been simulated "turning off" all systems (DHW,
lighting, office equipment, etc.), and only standard infiltrations have been considered (0.7 renov/h constantly), but no additional
ventilation has been considered. Therefore, it is considered closed during the months analyzed above (since no real ventilation

characteristics have been provided).

Therefore, the absolute values in this document are probably overestimated.
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4.3.Simulating two identical "modules", with different coverings
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Simulation of two roof systems with identical thermal transmittance, one defined as a green
roof ("EcoRoof") and the other not ("StandardRoof").

4.3.1. Considerations to take into account when modeling a green roof in Design Builder.

Among other things, the data that must be able to be entered to properly characterize a
vegetation cover in the Design Builder program can be seen below.

Editar material - ECO roof material

Materiales Datos

Propiedadss superficialss | Cubisna vegetal || Carbono incomporado | Cambio de fase

Informacidn
Datos de Materiales
Los materiales se utilizan para definir las propiedades

General

N“ml_"e de las capas de |0s cerramientos.Existen dos tipos de
Descripcion materiales:
Fuente 1) Propiedades detalladas incluyendo |as

i Otro - propiedades termofisicas, |as propiedades
& Categaria superficiales y |a apariendia visual del material
& Regian General

2) Material resistivo simple sin masa térmica. Esta
opcidn se utiliza habitualmente para modelar las
camaras de aire

[ Fijar espesor
P

Termic

® Detalladas
Propi
Conductividad (wfm-K)
Calor especifico (Jfag-K) 1000,00
Densidad (kg/m®) 1000,00
O Resistencia (Valor R)
Fosi

Materiales Datos

Propiedades superficiales Cambio de fase nformacién

Propiedades superficiales

: 0.500 e OO .
AADEELEEIE EHE3 (ST La informaciéin del color se utiliza en la visualizacidn, y
Abgartancia solar nzon 56lo cuando [a textura no se encuentra disponiole por

algtin molivo. No se emplea en ningin procedimiento

Absortanciavisible 0.700 n
de clculo.

osidad Raugh =
Colar
B Textura Brushed lat concrete

Materiales Datos

General | Propiedades supericiales_| Cubierta vegetal | Carbono incomporado | Cambio de fase Informacion
ier al Cubierta Vegetal
Las cubiertas vegetales pueden emplearse para
e reducir la demanda de refrigeracién al proporcionar
g 5 ifusio 1-Simpl - masa térmica y enfriamiento evaporativo a través de la
i el d? I il o i EEte mee transpiracién de |as plantas. Para usar este material
Altura de la vegetacion (m) 01000 £OMG UNa cubierta vegetal, en un cerramiento de
Indica ds area de hojas (LAY 5.0000 cubierta, active |a casilla "Cubierta vegetal” &
0220 intfroduzca los datos correspondientes.
Reﬂe.m\vwdad de las hojas x R crividad especif @B
Emisividad de las hojas 0.850 primera pestafia del material de cubierta vegetal se
Fegistencia estomica minima (s/m) 100.000 considera para [a tierra cuando esta se encuentra

seca.
M#ximo contenido volumétrico de humedad en satura... 0.500 = S . o

) ) fambién debe tomar en cuenta que el espesor
Minimo contenido volumétrico de humedad residual ~ 0.010 e T P B (T T S e
Contenido volumétrico de humedad inicial 0150 para una cubierta vegeta, es de 0.5m
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Temperaturas, Ganancias de Calor y Consumo Energeético - Untitled, Standard roof

EnergyPlus

1 May - 30 Sep, Anual

Educativa

74000
72000
70000

68000
66000

Combustible (Whim?)

62000

100

Balance Téimico (Wivma10°3)

-56000

-58000
-60000
-62000

Whimy

-64000
-66000

-68000

Afio

Refrigeracion (Electricidad) (Wh/m?)
Qcupacion (Wh/m?)x10*3

Gan. Solares Ventanas Ext. (Wh/m?)x103
Refrig. Sens. de Zona (Wh/m?#)x10"3
Enfriamiento Sensible (Wh/m?)
Enfriamiento Total (Wh/m#)

67428 84
19,99
105,11
-54,90

-54988,89

-67428,84

StandardRoof" values for cooling demand from May 1 to September 30

Temperaturas, Ganancias de Calor y Consumo Energético - Untitled, ECO Roof

EnergyPlus

1 May - 30 Sep. Anual

Educativa

66000
64000

62000

o (W)

60000
58000
56000
54000

€
S

100

50

E
2

48000
-50000
-52000
-54000

i)

-56000

-58000

-60000

Afio

Refrigeracién (Electricidad) (Wh/m?)
Ocupacién (Wh/im?)x10*3

Gan. Solares Ventanas Ext. (Wh/m?)x10"3
Refrig. Sens. de Zona (Wh/m?)x10°3
Enfriamiento Sensible (Wh/m?)
Enfriamiento Total (Wh/m?)

5991798
20,05
105,11
-47,78

-47850,77

-59917,99

EcoRoof" cooling demand values from May 1 to September 30

Standard Roof EcoRoof
(kWh/m2) (kWh/m?2) Reduction
COMPARATIVE 67,42884 59,91799 11,14%
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4.3.3. Simulation results for each of the modules by July 15.

The characteristics of external temperature and solar gains through the roof of both modules are
analyzed below.

Temperaturas, Ganancias de Calor y Consumo Energético - Untitled, Standard roof
EnergyPlus 15 Jul - 15 Jul, Horario Educativa

w—— Refrigeracion (Electricidad) (Wim=)
100 ™ ™.

50 + \_—\

£
H

mm—Temperalura del Alfe ('C) mmmmmm Temperanira Radiante ('C) wmmmmm Temperalura Operativa ('C) mmmmmm Temperatura EX. BS (C|

— —
1 S — —. \“__—-‘?_
2% - \ \_
20

—Cubiertas (W)

SN~ — /

Balance Témico (e
e

m—Humedad Relafiva (%)

£ 5 /
H
: —_—]
w
2 " 16 Mar
HoralFecha

Refrigeracion (Eleciricidad) (W[ 647 503 318 124 000 000 289 20,18 11347 116,15 12264 9652 9420 12229 9455 BEE3 7351 6188 4663 4123 2483 1543 1146 858
Temperaturs del Alre ('C)[ 26,00 2800 2600 2800 2780 2765 27.91 2800 2317 2300 2300 2300 2300 2300 2633 2000 2600 2800 2600 20,00 2800 2600 2600 2600
Temperatura Radiante ("G)( 2971 2955 2945 2931 2814 2695 2835 3057 3038 3043 3062 3053 3037 3043 3116 3264 3333 3IE0 3347 3306 3145 3051 3014 2989
Temperatura Operativa (‘'C)| 26,06 28.7% 2672 2066 2652 28,30 2663 2929 2678 2671 2661 2677 2668 2671 2624 3032 3066 3075 3073 3053 2972 2925 2907 265
Temperatura Ext BS (') 2380 2334 2250 2184 2054 2000 2000 2031 2141 2332 2682 2832 3082 3332 3601 3616 3670 3584 3414 3249 3053 2828 2639 2474
Cublettas (Wim*)[ 685 566 571 574 58 587 235 133 260 128 062 157 159 029 38 714 681 496 343 052 518 633 53 57

Humedad Reiativa (%) | 40,98 4153 41,86 4218 42,85 4381 4551 4837 5677 67,06 5684 5422 5363 6580 6262 47,35 4485 38,89 3675 3591 3775 3343 3940 40,33

StandardRoof" values for a full summer day (July 15)

Peak hour demand (11:00 a.m. on July 15) = 122.6408 Wh/m2 Total demand on July
15 = 1,143.06 Wh/m2

Temperaturas, Ganancias de Calor y Consumo Energético - Untitied, ECO Roof

EnergyPlus 15 Jul - 15 Jul, Horario Educativa
m— Refrigeracion (Electricidad) (v
L v
i
] ™~
H
E \\
g
0 L Pl
mmmmm Temperatura del Aire ('C) mmmmmm Temperatura Radiante ("C) mmmmmm Temperalura Operativa ("C) mmmmmm Temp._Superd Ext ("C)
m—— Temperatura Ext BS
—
3 | —
3 30’% ===
g =3
§ 25 -
E
L]
" Cubiertas (W/m?)
/—_\\——
E 0
[ ——
i
B 5
H
i
= Humedad Relativa (%)
5 7
s 50
H
4
H I ————
40
1 16 Mar
Hora/lFecha
Refrigeracion (Electricidad) (WinF)| 434 277 078 000 000 000 087 1684 11088 11513 11876 9382 9161 11975 92,16 6657 7126 4971 3880 2251 1294 880 6856
Temperatura dei Aire ("C)| 2600 2800 2800 2789 2756 2728 2769 2800 2316 2300 2300 2300 2300 2300 2532 2600 2800 2600 2600 2300 2600 2800 26.00
Temperatura Radiante ('C)| 2039 2025 2910 2894 2871 2649 2890 3019 3005 3013 3034 3027 3011 3018 3091 3235 3308 3324 3278 3113 3045 2974 2945
Temperaiura Operativa ("C)( 2870 2862 2856 2841 2814 2788 2820 2010 2682 2656 2867 2663 2686 2659 2512 3019 30854 3082 3039 29857 2007 2887 2872
Temp. Superf. Ext ("C)| 2652 2378 1958 17456 1682 1664 1737 2062 2346 25563 2696 2409 2449 2616 2658 2683 2683 2633 2295 2023 1914 1370 1821
Temperatura Ext BS ("C)( 2390 2334 2250 2164 2054 2000 2000 2031 2141 2332 2582 2832 308 3332 3501 3616 3IBT0 3584 3243 3053 2828 2639 2474
Cublertas (W/m?)| 300 286 282 281 324 338 .035 .420 021 .142 .19 .086 -073 .194 .598 .924 838 .7.14 326 319 2987 2, 188
Humedad Relativa (%) 41.31 41,87 4242 4305 4406 4496 4630 4926 5723 6728 56703 5436 5374 5583 8271 4773 4612 3902 3693 3776 3652 3957 4066

EcoRoof" values for a full summer day (July 15)

Peak hour demand (11:00 a.m. on July 15) = 119.7783 Wh/m? (2.33% reduction) Total demand on July
15 =1,088.79 Wh/m? (4.75% reduction)

11
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As can be seen, and in spite of being a model that contemplates very basic values to define the
elements that determine the composition of the green roof, the above simulation allows us to
appreciate the decrease in surface temperature throughout the day in the case of the
"EcoRoof" with respect to the "StandardRoof". It can also be observed how the gains through
the roof decrease, becoming negative, which indicates the heat dissipation effect of the green
roof (the data for the whole day goes from +41.05 Wh/m? , in the case of the "StandardRoof",
to -24.15 Wh/m?, in the case of the "EcoRoof").

This leads us to determine the need for a more exhaustive definition and investigation of the solution to be

implemented on the roof, in order to arrive at a more concrete approach to the "real” performance of what the
implementation of a green roof would entail.

12
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5. STUDY OF NATURAL VENTILATION

Next, we will study the influence of natural ventilation applied to each of the above solutions
(Case 3.1 and 3.2), starting from two different protocols, one applying natural ventilation
during the occupancy period (ventilation protocol 1) and the other performing constant
natural ventilation throughout the day, to take advantage of nighttime "freecooling"
(ventilation protocol 2).

To address this point, a detailed analysis has been made of the ventilation regulations (6),
which apply to schools (IDA 2 -good quality air- IDA 3 -average quality air-), applying the data
on flow rates per person to the number of students per standard classroom for the case of

Badajoz.

Surface area | Height (m) No. of Flow (I/s) x person Regulations Renew/hou
(m2) students r
54,44 2,84 25 20,0 RITE-IDA1 11,6
54,44 2,84 25 12,5 RITE - IDA 2 7,3
54,44 2,84 25 8,0 RITE - IDA 3 4,7
54,44 2,84 25 5,0 RITE - IDA 4 2,9
54,44 2,84 25 10,0 EN 15251 - | 5,8
54,44 2,84 25 7,0 EN 15251 -1 41
54,44 2,84 25 4,0 EN 15251 -111 2,3

Recent studies on ventilation in educational centers would recommend a minimum of 3.5
renov/hour, for cases similar to the one studied (4), while the EN 15251 standard (5), indicates
three levels (from 2.3 to 5.8 renov/hour). However, it will be taken into account to respect the
minimum flow rates determined by the Spanish RITE standard for category IDA 3, so 5
renov/hour will be considered, applied in the period of occupation (v1) and all day (v2) to take
advantage of the "freecooling" at night.
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5.1.Ventilation during the period of occupancy

Temperaturas, Ganancias de Calor y Consumo Energétice - Sitio, Edificio nuevo
EnergyPlus 1.Jun - 30 Sep, Anual Educativa

[ Refr

Nhim?

22000

21000

20000

19000 —

Cormnbustible (Wh/m?)

18000 —

[ Ocupacion (Whim?) [ Gan. Solares Ventanas Ext. (Wh/m?) T Pe‘fn Nh/m?

30000

20000

10000 —

Balance Térmico (WWhim?)

-10000

-15000

-16000

-17000

(Whim?)

-18000

-19000

-20000

y
Afio

Refrigeracion (Electricidad) (Wh/m?) 19909,41
Ocupacion (Wh/m?) 15108,81

Gan. Solares Ventanas Ext. (Wh/m?) 29277 92
Refrig. Sens. de Zona (Wh/m?) -14385,71
Enfriamiento Sensible (Wh/m?) -14386,12
Enfriamienta Total (Wh/m?) -19909,41

Case 3.1. with ventilation protocol 1

Temperaturas, Ganancias de Calor y Consumo Energético - Sitio, Edificio nuevo
EnergyPlus 1.Jun - 30 Sep, Anual Educativa

I Refrigeracion (Electri

Nh/m?

20500
20000
19500
18000
18500
18000
17500
17000

Combustible (Whim?)

= Vhim?) T Gan

s Ventanas Ext (Wh/m?) I Rel

a (Wh/m?)

30000

20000

10000

-10000

Balance Térmico (Wh/m?)

Il Enfriamien wh/m?) I Enfriamiento Total (Wh/m*

-14000

-15000
-16000

(Whim?)

-17000

-18000

-19000 -

'
Afio

Refrigeracion (Electricidad) (Wh/m?) 18785,09
QOcupacion (Whim?) 15128,80

Gan. Solares Ventanas Ext. (Wh/m?) 2927542
Refrig. Sens. de Zona (Wh/m?) -13397,74
Enfriamiento Sensible (Wh/m?) -13395,87
Enfriamiento Total (Wh/m?) -18785,09

Case 3.2. with ventilation protocol 1
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5.2.Ventilation throughout the day

EnergyPlus

Balance Térmico (Whim?) Combustible (Wh/m?)

[Whim?)

Refrigeracion (Electricidad) (Wh/m?)

(

Gan. Solares Ventanas Ext. (Wh/m?)

Refrig. Sens. de Zona (Wh/m?)
Enfriamiento Sensible (’

Enfriamienta Total (Wh/m?)

Ocupacion

Whim?)

Temperaturas, Ganancias de Calor y Consumo Energético - Sitio, Edificio nuevo

18500

1Jun - 30 Sep. Anual Educativa

[

n (Electricidad) (Wh/m?

18000

17500
17000

16500 —
16000 —
15500 —

30000

[ Ga

olares Ventanas Ext. (Wh/m?) R F’E!H;

a (Whim?

20000

10000 —

-10000

Wl Enfriamiento Sensible (Wh/m?) Il Enfriamiento Total (Whir
—

-12000

-13000

-14000

-15000

-16000

-17000

B

Al

Whim?)

16918,72
15281,09
2927792
-11782,97
-11770,42
-16918,72

Case 3.1. with ventilation protocol 2

EnergyPlus

Temperaturas, Ganancias de Calor y Consumo Energético - Sitie, Edificic nusvo
1.Jun - 30 Sep, Anual

Educativa

18000
17500

B Refri

17000

16500

16000 |
15500
15000 |
14500 -

Combustible (Wh/m?)

30000

= Ocupacion (Wh/m?) [_] Gan. Solares Ventanas Ext (Whim?

Il Refrig
;

20000

10000 |

Balance Térmico (Wh/m?)

-10000

[ Enfri

amiel

Ml Eniriamiento Total (Wh/i?
N

-11000

-12000

-13000

-14000

(Whim?)

-15000

-16000

Y
Afio

Refrigeracion (Electricidad) (Wh/m?)
Qcupacion (Wh/m?)

Gan. Solares Ventanas Ext. (Wh/m?)
Refrig. Sens. de Zona (Wh/m?)
Enfriamiento Sensible (Wh/m?)
Enfriamiento Total (Wh/m?)

16243,63
15284.31

29275,42
-11198,85
-11188,25
-16243,63

Case 3.2. with ventilation protocol 2
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The comparison of the different cases described above (Case 3.1 and 3.2, with the base model
-Case 0-), as a result of the addition of ventilation protocols to the initial model, yields the
following energy demand reduction data.

CASEO CASE 3.1 CASE 3.1.v1 CASE 3.1.v2
Without FAVE With FAVE -East- + Trees -West- + Substrate (kWh/m2) With ventilation protocol 1 (kWh/m2) With ventilation protocol 2 (kWh/m2)
(kWh/m2)
41,78965 28,94716 19,90941 16,91872

Reduction with respect to Case 0

Reduction with respect to Case 0

Reduction with respect to Case 0

30,73% 52,36% 59,51%
CASE 3.2 CASE 3.2.v1 CASE 3.2.v2
With FAVE -East- + Trees -West- + ShadeCover (kWh/m2) With ventilation protocol 1 (kWh/m2) With ventilation protocol 2 (kWh/m2)
27,70213 18,78509 16,24363

Reduction with respect to Case 0

Reduction with respect to Case 0

Reduction with respect to Case 0

33,71%

55,05%

61,13%

SUMMARY TABLE OF THE VENTILATION COMPARISON

The absolute values, in kWh/m?, of cooling demand represented in this document should be taken with
extreme caution, as they could be oversized.
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6. DISCUSSION AND CONCLUSIONS

-In terms of plant surfaces:

It is well known that, in summer, vegetation acts as a protective layer that shades the
envelope elements from solar radiation (2). The effectiveness of a vegetation cover depends
on the type of vegetation and the density of leaves, expressed by the leaf area index. The
advantage of using vegetation as a cover is linked to the ability of plants to absorb part of the
solar radiation received and to be able to use it for their biological functions
(evapotranspiration, photosynthesis, etc.). As long as there is sufficient moisture in the
substrate, evapotranspiration is proportional to the thermal stress, which means that this
biological cooling mechanism adapts to the environmental conditions and is maximized when
solar irradiation is high, i.e. the times of greatest cooling demand in buildings. This would not
be the case when the substrate is dry (1).

Considering that the air between the leaves is kept at a relatively low temperature and the
vegetation layer shades the surface, the upper part of the substrate is kept at a lower
temperature than the ambient temperature. Considering the high thermal capacity of the
substrate, especially when the moisture content is high, the vegetation cover has the function
of lowering the temperature of the outer layer of the enclosures, thus avoiding excessive
exposure to solar radiation. This cooling system works during the warm seasons of the year,
greatly reducing the energy demand for cooling (3).

The conclusions of various studies on the energy savings in heating and cooling resulting from
the installation of vegetation surfaces are sometimes contradictory, especially when they are
based on simulations. This is partly due to the large number of parameters required to
describe the physical phenomena taking place inside the vegetation volume (1). In order to
facilitate the study, simplifications are often assumed that can alter the results, as could be the
case here.

This induces us to determine the need for a more exhaustive definition and investigation of the
solution that will be carried out on the roof, in order to reach a more concrete approach to the
"real" performance of what the implementation of a green roof would entail through
simulation. (In this regard, a collaboration is being sought with a research group of the GBCe,
together with the UPM,; since they are groups that are investigating the different options and
variants of the "GreenRoof" -collected by the DesignBuilder program-, in order to exploit to the
maximum its simulation to the real performance that would have this type of roof solutions).

-As for the calibration of the model:

In most aspects it has been possible to adapt the base model to the real conditions of the real
educational center. These are, for example: constructive composition of the envelope, in
terms of its dimensioning and composition, thanks to the contribution of the
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Energy Efficiency Certificate, and the transmittance values of each of the elements that

compose it. It has also been possible to adjust the occupancy schedule and the number of
students per classroom, in each case. However, there is a lack of real data on how ventilation
is currently carried out. Despite the fact that during the summer months when there is no
activity, it is certain that there is no ventilation, there is no data available that would allow us
to know how air renewal is carried out during the school period.

On the other hand, data from monitoring, which could have been useful for calibrating and
adjusting the base model, are difficult to manage for the moment. Since the location on the
map of each of the numbered sensors is not available, and the data obtained to date, in the
case of Badajoz, show various gaps alternately and randomly throughout the monitoring
period. Thus, it will be necessary to wait for more continuous and homogeneous information
to continue adjusting the model.

-As for ventilation:

As mentioned in the previous paragraph, data on the ventilation of the current state must be
available in order to be able to start from a base situation (Case 0), as close as possible to
reality.

However, the brief ventilation study carried out indicates the suitability of proposing natural
ventilation protocols for the summer months, compatible with the promotion of night cooling
("freecooling"), and complying with current state regulations (or the most restrictive, in each case),
which guarantee average air quality (at least).

-AS A FINAL CONCLUSION:

It can be said that, through the addition of the different nature-based solutions (NBS), -
analyzed gradually in this document, and whose results can be considered in any case on the
safety side, in any case-, percentages of cooling demand reduction exceeding 50% can be
achieved.

Nevertheless, and although this document serves as a guide as a starting point for such
analysis, further research will be carried out to further investigate the behavior of the different
solutions in order to achieve a greater similarity between the real performance expected from
such solutions (and confirmed by different scientific studies that have been carried out to
prove it) and the results obtained from the simulations of such solutions.
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