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Figure 1.2 Framework of this paper
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Figure 3.5 velocity gradient near the wall
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Figure 3.12 Flow diagram of the Genetic Algorithm
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Figure 3.13 Example of evolution in GA
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0 def goldbergs_pareto_ranking (pareto, x_min, x_max):
1 pareto_executable =[]
2 for x, y in pareto.items():
3. condition = ((x_min<=x) & (x<=x_max)).all()
4. if condition:
5 pareto_executable.append(y)
6 i=1

7 ranked_solution = dict()

8 while True:

9. y = min(pareto_executable)
10. ranked_solution[y] =i
11. pareto_executable.remove(y)
12. i+=1
13. if len(pareto_executable)==0:
14. break
15. return ranked_solution

Figure 3.14 Pareto Ranking Genetic Algorithm (Goldberg's Pareto Ranking)
by Python

(b) Fonseca's Pareto Ranking®-'®¥
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0. def fonsecas_pareto_ranking (pareto, x_min, x_max):
1. pareto_executable =[]
2. for x, y in pareto.items():
3. condition = ((x_min<=x) & (x<=x_max)).all()
4. if condition:
5. pareto_executable.append(y)
6. y = min(np.sum(pareto_executable, axis=1))
7. ranked_solution= {y : 1}
8. pareto_executable.remove(y)
9. i=1
10. while True:
11. y_index = np.argmin(pareto_executable, axis=0)
12. for index in y_index:
13. ranked_solution = {pareto_executable[index]: i+1}
14. pareto_executable.remove(pareto_executable[index])
15. i+=1
16. if len(pareto_executable)==0:
17. break
18. return ranked_solution

Figure 3.15 Multi-Objective Genetic Algorithm (Fonseca's Pareto Ranking) by Python
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(c) Average Fitness
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(f) Simulated Binary Crossover (Fixed)
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(c) Polynomial mutation
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Table 3.3 Definition of the term

Symbol Name Description
s State A set of environment states.
a Action A set of actions. (Determined by the agent)

L . A function to return st+1 and transition probability.
T Transition function .
(Argument is st and at)

. A function to output the reward for st and the st+1 as arguments.
R Reward function . . .
Sometimes it takes an action as an argument.
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0 def epsilon_greedy (action_space, q_func, state):

1 epsilon = 0.3

2 if np.random.rand() < epsilon:

3. action = np.random.choice (action_space.shape, )
4 else:

5 action = np.argmax(q_func(state))

6 return action

Figure 3.18 Sample code of &greedy method by Python
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Table 4.1 Factors of fungal growth

Fungal Growth Factors Spore germination / Mycelial growth

Relative humidity Strong dependency

Temperature Dependent
Time Dependent

Nutrient’s content Low dependency / Dependent on medium and surface contamination

Salt content Low dependency
pH values Low dependency / Dependent
Light (UV) Dependent
Oxygen content Everywhere

Floating of fungal spores in the air ~ Everywhere
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Figure 4.4 CFD analysis flow charts of the proposed method and conventional method: (a) Uncou-
pled simulation; (b)Full coupled simulation (conventional method)
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1. Estimate pressure fields p*

. Obtain correction of the velocity; u*, v* and w* by momentum equations that was discretized

. Solve the pressure correction equation concerning the correction of the pressure p’

. Obtain u"*!,v"*! and w"*! by substituting the correction of pressure and velocity for velocity correction equation

2
3
4. Calculate p™' by p* + p*
5
6

. Ifu"!, v+ w'! and p"*! are not convergence, then return to 1)

n means iteration numbers in this time step

Figure 4.5 Algorithm of SIMPLE method *-3®
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Table 4.2 Analysis conditions for vertical one-dimensional thermal conductivity analysis
in the ground

January 1~December 31

Calculation period (A preliminary analysis was performed for the 20 years prior to the analysis year.)

Time interval 1 hour
Domain 1.0m(X)*1.0m(Y)*20.0m(Z)
Mesh 200

Ground surface boundary condition |Temp.: Sol air temperature, Convective heat transfer coefficient: 17.9W/m*K

Meteorological data: The Expanded AMeDAS Weather Data for typical meteorological year
(Yahata, Kitakyushu, Japan) -9

Calculation conditions for
the sol air temperature 440  |Convective heat transfer coefficient: 17.9 W/(m20K), Solar radiation absorptance: 0.7 (-),

Emissivity: 0.9 (-), Evaporation ratio: 0.1 (-)

Bottom boundary condition of under-

eround Adiabatic (20 m depth)

Table 4.3 Physical Properties at the one-dimensional thermal conductivity analysis and CFD analysis

Specific heat [J/(kglK)] Density [kg/m?] Thermal conductivity [W/(mOK)]
Soil *-49 2,512 1,830 0.61
Concrete 800 2,400 1.64
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Table 4.4 Analysis conditions for CFD analysis

Pre-Analysis — Casel series: 450 s

Pre-Analysis — Case2 series: 2,250 s

Annual Analysis: January 1~December 31

(A preliminary analysis was performed for the 1 year prior to the analysis year.)

Calculation period

Pre-Analysis — all cases: 10 s

Time interval Annual Analysis: See Table 4.5

Domain 44.8 m (X) x 34.9 m (Y) % 8.4 m (Z)
Mesh 127 (X) x 109 (Y) * 36 (Z) = 498,348

Turbulence model Low Re-type k-¢ model (Abe-Nagano-Kondo model) *-49
Scheme for advection term 1**order upwind scheme

Initial temperature of underground and

. Results of the one-dimensional heat conduction analysis
air tunnel system elements

Inlet of air tunnel T,.: Outside air temperature [°C], U,=1.55 or0, k;,=3/2(Ui,x0.05), £,=C.*"* ki,
Outlet of air tunnel Free slip
Wall in air tunnel Velocity and Temp.: analytical wall function (AWF)

Boundary

conditions |Ground surface Temp.: Sol air temperature (AlJ, 2000),

Convective heat transfer coefficient: 17.9W/m*K
Upper side of air tunnel  |Adiabatic (The thickness of top slab element is 200mm.)
Lateral and bottom Adiabatic

Temperature transport equation and Pressure correction equation: 1x10™
Momentum, k and & transport equation: 1x10

Uu: Inlet wind speed (m/s), €i: Length scale (=1.2) [m], ki : Inlet turbulence energy (m%s?), &n O Dissipation rate of ki (m%s),
Cyx 0 Model constant (=0.09) [-]

Convergence condition
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Figure 4.6 Analysis model of the system
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0000000000000 0D00000D0000Table 440000000 Table 4.5 0O
000
Table 4.5 CFD analysis cases

Case | Air Volume [mh]| Time interval [s] Used flow fields Notes
Casel-1 10 - Full coupled simulation (Standard Case)
Casel-2 Obtained in the summer
—10,350
Casel-3 3,600 Obtained in the winter Uncoupled simulation, At: lh
Casel-4 Obtained in the summer and winter
Case2-1 10 - Full coupled simulation (Standard Case)
Case2-2 Obtained in the summer
—12,070
Case2-3 3,600 Obtained in the winter Uncoupled simulation, 4t : 1h
Case2-4 Obtained in the summer and winter
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Figure 4.7 Inlet and outlet temperature of underground air tunnel during outside air introducing period
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Figure 4.10 Temperature fields of Case 1 series
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Figure 4.11 Temperature fields of Case 2 series

0000000000000 b00000oobooOoonDD Case220000000O0DO0O0O0
Ub0o0obU00obUoobuoobUobobUobbUbbobObcesse2J0boobooboooDO
gobobooooooboobobooobooboboobooboboboboobOoboo
gbobooobooboobobobooboobobbUobDUoobUobbobDbUobDooDbO
U00 Case220000000O0ODOOOODODOOODOCase2-30 Case2-400 000
oboobooobuobooobo

UO0O0DO0O00D0DOOCasel-1 00 Case2-100 00O 0O 0O O Casel-200 Casel-40 Case2-2
OCase2-40 00000000000 LDODODOOOOOUOOUOUOOUOObDbODDbDDbODODOOO
gooooooOooboobOobOoOobOoobobDoobOOoobOoboboboobooo
gooooooOooboobOobOoOobOoobobDoobOOoobOoboboboobooo
gooooooOooboobOobOoOobOoobobDoobOOoobOoboboboobooo

106



040 0O000O0OD0OODOODOO

goobooooobobobooobooboooobbboooooboooooboboboon
goobooooobobobooobooboooobbboooooboooooboboboon
vboboooboobooboobooboboobooboobobobooboobobo
Ub00b0000b0bi0 CaselDOOOO 1750000000000000000O0O0
gboooobooboobobooboobobbobooboobobobbobooDbo

gbooboobooobooboboobobooboobobbooboobobboobooo
obooooobogo oD OO0 7sODOO00O0DOOO0OODOOODODOOODOO
1760 00000000000 smOOOOO0ODOOODOOOODOOODOOODOOODO
ugoboboooobobbooobboboooobobboooboobobooooboboad
ugoboboooobobbooobboboooobobboooboobobooooboboad
ugoboboooobobbooobboboooobobboooboobobooooboboad
ubboboobobbuooob smbodgobbooooobooobobuooabbooan
ugoboboooobobbooobboboooobobboooboboboooobobobood
uooobooodan

20 gOo0o00dooooggoooggn
Figure 4.120 0 Figure 4130 000000000000 0000O00O0O0O

10.0

W Casel-1 W Casel-2

OCasel-3 OCasel-4
8.0 ]

6.0

4.0

Amount of heat exchange [GJ]

2.0

00 L_| || i 1 1 || || | | || L |
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Figure 4.12 Annual amount of heat exchange: (Case 1 series )

107



040 0O000O0OD0OODOODOO

5.0

W Case2-1 @ Case2-2
OCase2-3 OCase2-4

4.0

3.0

Amount of heat exchange [GJ]

0.0 o~ — ‘ ‘ . L || || i ‘ | ]
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Figure 4.13 Annual amount of heat exchange: (Case 2 series)

ugobobog3ggobunobobuodgbbtoouabbboooobbuoogobbog
uoobooooobbooobobooooboboboooooboooooooboon
uobobooobbboooobobooobbbOCesel UOODDODOOOOODO Casel-1 O
uobooboooooboobooooooboobooooooobooooooos3gg 8
U0 Casel-200 Casel-30000000000O000O000O00O00O00DO0O0OOCase20000
U CaselDUOOOODOOOODODOOODODOOOOODOOOODOOOOODOOOO
Ub0b00O008000 Case2-10 Case2-20 00 0200000000000 O0DOOOO
U0D0DbO000DbDbOOCasel-20Casel-40 10020070000000000000000
Uoo0Db0000bbbOd00Case2-20Case2-4 00O 0O0O0O0OOOO0O0OODODOOOO0
U0b0b0o00DbbO0 Cesel DOOOODDOOOODODDOOODODODOOODDOOOO
0000000000Ar0000000.19000000000000D00D00D0O0OO0
U0000Casec2 DO OO0OD0ODOO0OD0ODODOO Casel DOOOODOOOODODOOO
obobDArDO0ogosoeelbobbooooooooooobobbboooooooon
Ubo0o0b00b00b0O0DCsse2 DU 0ODODOO0DO0ODOODOOODOODOOODO
vboobobooboobooboobobboobooboobOoD ArgbboobooOobo

i Ar00000000000000000000000000000000000000000000000000
0000000040 00000000000000000000000000000000000000000
000 Ar00000000000000000000000000000000000000000 Ar0000
000000000000 0Ar0000000000000000g000000([n/s?040000000([1/K]06,0
000O0[0]06,00000[0]0V00000m)0«00000[m/s]0000

_ gﬁ(ein - gout)l

Ar
u2

108



040 0OO00OO0ODOODODOD

0000000000000000000000000 +*249000Ar0000000
gobobooooooboobobooobooboboooobooboboboboboobOooboo
ubooooboooobooobboooobboobbooobbArb0OOoODOO
vboboooboobooboobooboboooobobooboboobOooDo
gbobobooboooboobooboboobooboobobooboobooobo
Ub00D00000Db 10000000 Case2-20 Case2-30000000000DODOO
Ub0000Db00Db00OCasel UODOOCase2 UO0DOODOOOODOOOODOODOO
gobooboooboobooboboobooboboobooboobooboobooo
gbobooooboooboobobooboobobooboobooboboboobooo
gbobooooboooboobobooboobobooboobooboboboobooo
gboboobooobogoooobooooboeoboboooboobooobooboobooonog
000000000000 4YI00000000000000000000000000

425 000000000
000000000000000000000000000000000000 Figure
4140000

0.5 5.0
Casel-1: 1,078 h (45days) — 4 core
& o4 Case2-1: 1,175 h (49days) l o <
370 0%
52 == 52
= Reduction ratio of the calculation time £ S
S = 5 &
2% 03 305 2
7] 29
2 +
= S 9
BE 02 202 &
33 23
D“.;: . O <
g3 Relative error & &
g 8
~ 0.1 1.0 &
0.0 0.0
Casel-2 Casel-3 Casel-4 Case2-2 Case2-3 Case2-4
Calculation time: 3h 55min 4h 20min 4h 15min 5h 34min 5h 35min 5h 42min

Figure 4.14 Comparison of the calculation time and relative errors

gbobobooboooboobooboboobooboobobooboobooobo
ubobooboobgoooobgoooo ebobOoOobOoDbDOObOODbDObOOODO
obobDos0bO0bDObb0O0DbOb0b00ODOnO CaselUDUODOO 100Case200 000

i 00000000000000001 000000 10000000000000000000Casel-1 00000
ob4000000C000000C0CCOOO0O0OOOCOOOOOOOOCODOOOOOOOOOOOOOOOODOO
gooooboooooobooobooooobooooOo0oOoboOoOOoOooboOoOoOoUOoOoOoOoboOobOOoOo pcObOOObCObOOO
0 0 0 O OCPU: Intel® Core™ i7-4790K, Frequency: 4.0 GHz (up to 4.4 GHz) RAM: 8.00 GB (DDR3-1600)

109



040 0O000O0OD0OODOODOO

ooddododooooooooo3ooooUUUUUo o
goobooooobobboooboboooobbboooooobooooobooboboon
oboobooooobobooobooog

43 DOdodooboObobooooodaoboboboooaad
431 000000000000000000000000

10 000000ogoogo
googgoob42b000000000000000000oooooooboboobooboon
Ub00o000b00bO000Od Figure4.15000000000

[ Analysis start ]
I d
I‘
[ Time loop start ]
Judging used
flow fields
Loading : No

Loading : Yes

/ Loading flow fields
I

| Substitution of U, V, W, k,e |

»/

| Heat equation |

| Humidity equation |

No
Judging convergence

Yes
[ Time loop end ]
calculation periods
Yes
[ Analysis end ]

Figure 4.15 CFD analysis flow charts of the Uncoupled simulation coupled with heat and humidit
equations

gbooboobooobooboboobobooboobobbooboobobboobooo
0000000000000000000000000000000000D00000

142000000000 k-e0000000000000000D0O0D0O0O0OO0OO0OOOOOOOOOOOOOO0
goboogooooooooobooooobooboobOooOoOooOooOoobOobOOobOOobOoboOOoDbOoDOOobOOoDOo
gbobooooooobooboooooooooboboOoooobooOoobOobOOoooboOooOoOoboOoooooonoo
gobooooooooboobooooooOoobOobOOoOoOoOobOObOOobOobOOobOObOOObOOoDbDOoOoOoboOoooO
gbooooboooooboooboOooobooooooooon

110



040 0O000O0OD0OODOODOO

goobooooobobobooobooboooobbboooooboooooboboboon
ooooooopoooboboobbbobobbbarD0O0OD0O0OO0OO00000000000
obooboooobobooobooog

20 00O0000o0goggogogoodgog

Ubo000bobD0ooboboobobobbOnDO xikgkgDAODDODDOOOO
U00D00000000000 x:kgkg(DA)ODDOODOx,:>x,, 0000000000
Ubobo0b00Ox0 x0000 Figure4.160000

Air
Absolute humidity at the cell near the wall
» @
@
Saturated absolute humidity at solid surface temperature Concrete

Figure 4.16 Definition of x, and x;

Uil ouououoouooddx,i>,; 000000000
ugooobobobooooouoobbobibooouoobbobbooouoobonoDn Figure
4170000

(a) Condensation Ifx,> x, (b) Evaporation Ifx,<x,and 0<C, ;

Condensation flux Condensation flux

(positive value) : Dew condensation water (negative value) Dew condensation water
Ca i sz 7

Figure 4.17 Judgements of dew condensation and evaporation occur on the solid surface: (a) Dew
condensation; (b) Evaporation occurred on the solid surface

0000 C'; [kg/(m20s)]0 000 G [kgm?l00000000000000000 0
00000000:0000000000

n
Cs,i =P 0(1.’- ('xa,i — X ) 4.4

Ca,i = ZC:I' At 4.5

111



040 0O000O0OD0OODOODOO

O000p000000[kgm®] (=12)0 ¢, 00000000[m/s]0A4:0000000](s]
0000, 00000000000000000000 md06700000000000
D00000« [WmAK)OODOOee,0000000000000000000000
00000000000000000000000000000000000000000
0D000000000000000000000000«;0000000000000

,_ a

(24 Cp,OLé" 4.6

Le:ﬁ/q’p 4.7
A

Eq.460 C,00 Le0 00000000000 [/ (kglK)] (=1,007)0 00 00 [-] (=0.82)
O000Eq. 470400000000 [W/ (mIK)] (=2.56x109)0 400000000 [m¥s]
(=2.56x100000

0DoOoo<C',00 x;<x,;0000000000000000000000000000
0000000000000 000000000000000000000000000
0000000000000 000000000000000000000000/00
000000000000000000000000000

30 Oo0aodooogd
U gooobooobobooon

00000000 K. Sedlbaver DO OO0 00O0O0O0D0OO0OO0O0OO0OO0O0O00ODODOO
000 “*WUFI-Bio)DOOOOODODODODO0O0O000D0000000000000000
goobooooobobobooooboboooobbboooooboooooboboboon
UoboboobObO00000000WUFI-Bio DO O0O00Ooooobbooooooooon
0000000000000 0000% 00000 Isopleth System)D OO O O000O0
WUFI-Bio DO0O000D000O0O0O0O0OO0DO0ODOOOOOO0ODOO0ODO0O0O00OO

‘'gboobooooboboooooobobooOooOooOoOo0oOOobOO0ObOO0ObOOOlObODO0obOOobOObObObOObOOObOO
000000000000 00000000000000 +®00000000000000000000000O0
000000000000000000000000000000 200000000000 4000000000
goboogooooooooooooobooobooooboooooobOooOOoboOoboOooOOoOobOoDoOOoDOoDOO
goooooooooooboooooooooomobooobooooooooOoboooDboobOoooOoooDo
gboooooooooobooooobooooboobobooboobooboOoooooboOooOooboOoobOOooooOooboOoonan
uobooooooooobooboooooOoboOoOobOobOOoOoOoOobOObOOobOobOOobOObOOObOOoDbDOoOOoboOooO
oboooobooooooooboooOobOOobOOOo0OOOOOOOObDOOOOOODOO0OOOObOODODOOOO
gboooooooooooooooboooboooooooooooOooobobOboOoOoOoOOooOoOboooOoOoDbOooboboOooboo
g0 10000o0oooobooboooooooo0ooboobooboOooOoo0booooooobooDoooboOooDooboo
gooooooooooooogoooooooooboobooobooooDbOoopooooooboooOoDOobobOoobo
gboooboooobooobooooooooboooobooobooboooogon
‘"oboboooooocO0oooobooOoOooboOobobOOobOobOOoOODOO0OOOOobDObOObObObOOOOODOOObOObOO
oo

112



040 0O000O0OD0OODOODOO

OO Substrate Class (Class)D DO 00D 00O0 phOOOD0DD0DO0OO0O0OO0DOOO0O Class
00000000000000000O0Table4.600000000000000000O0
obobo400000000D00

Table 4.6 Substrate category*->*

Optimal culture medium (e.g. full medium). This isopleth system represents the maximum growth possible
for any mould found in buildings.

Bio-utilizable substrates, such as wall paper, plaster board, building products made of biologically
degradable materials, materials for permanently elastic joints, strongly contaminated surfaces.

Substrate class 0

Substrate class I

Less bio-utilizable substrates with porous structure, such as plasters, mineral building materials, certain
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Table 4.7 CFD analysis cases

. Schedule of introducing the outside air
Dew point temperature control for
Route judgeing the outside air introducing November —March, April and May| October
July - September

Casel-0 One way (70.3 m) - 10:00 ~ 18:00

Casel-1 One way (70.3 m) - 10:00 ~ 18:00

Casel-2 One way (70.3 m) Yes 10:00 ~ 18:00 -

Casel-3 One way (70.3 m) Yes 10:00 ~ 18:00 10:00 ~ 18:00
Case2-1 | Two way (48.4 m and 21.9 m) - 10:00 ~ 18:00

Case2-2 | Two way (48.4 m and 21.9 m) Yes 10:00 ~ 18:00 -

Case2-3 | Two way (48.4 m and 21.9 m) Yes 10:00 ~ 18:00 10:00 ~ 18:00
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Figure 4.24 Schedule of introducing the outside air

Casel-0 00 Casel-10 4200000000000000000O0D00000ODOO0OO0
U0D0D00000 Casel-00D0D0O0OO Casel-10000000DOOO0O0O0DOOOO0O0ODOO
0000000000000 000000000000000000O0O0 0000000
0 420000000000000000000Casel-1 00000000000 O0O0OO
goobooooboboboooboboooobbboooooobooooobooboboon
booobooboooobobooobooobobooobobooooobboobbooooboDbo
vbobooobooboobooboobobooboobobobobooboobOobo
Casel2 0000000 DOODOOO0ODODOOCasel-1000000000O0ODOO0ODOODOO
vbobooobooboobooboobobooboobobobobooboobobo
Uboobo0ooobDg 4005000000000 cCasel-30000000000O0ODOO
vbobooobooboooboobooboobooobopooboobooboobobo
ugbbobboooobobobbboouodgobbibtCasse2 UOODDODDOOOODODOOOOOO

'0J000000000000D000000000000000000DAr 0000000000 DOODODOODO
goooooooooobooobooooOooboooOobOOobOOoOoOoOoOOobOOObOObOO0ObOOoOOoObOoOoDOODOObOO
goooao

118



040 0O000O0OD0OODOODOO

ooooobbboooooooobbbioooio0o0ogg Figued425s 0O00OD0O0O0OO
Casel UOUODDOOO0ODODOOOO 2000000000000 0O0O0O0ODODOOO0OO0
Ub00D00000D00000D000 Casel UDODODOOODODOOCase2-10 Case2-3 U O O
ooo

C-1:Floor . C-1:Floor .
C-2:Internal corner (a) Case 1 series C-2:Internal corner (b) Case 2 series
O e H H 1o Of__He=tl 1T H 10
B-1:Floor B-1:Floor
B-2:Internal corner B-2:Internal corner
- Outlet ||

D-1:Floor
D-2:Internal corner

D-1:Floor
D-2:Internal corner —

A-1:Floor

A-2:Internal corner jﬂ
E-1:Floor E-1:Floor
E-2:Internal corner « E-2:Internal corner «
» Outlet « Inlet

Figure 4.25 Place of inlet, outlet, and respective point each series:

A-1:Floor
A-2:Internal corner jﬂ

(a) Case 1 series; (b) Case 2 series

Table483 0 0O UO0OO0OOOO0OODOOOOODOOO

Table 4.8 Analysis conditions for uncoupled simulation

January 1~December 31
(A preliminary analysis was performed for the 1 year prior to the analysis year.)

Calculation period

Time interval 3,600 s (When switching flow field: 10 s ~, When condensation occurs on Casel-0: 60 s)
Domain 54.8 m (X) x 45.1 m (Y) x 13.4m (Z)

Mesh 222 (X) x 180 (Y) x 61 (Z) = 2,437,560

Turbulence model Low Re-type k-& model (Abe-Nagano-Kondo model)

Scheme for advection term Temperature: QUICK, Humidity: 1*order upwind scheme

Initial temperature of underground and

. Results of the one-dimensional heat conduction analysis
air tunnel system elements

Inlet of air tunnel T;,: Outside air temperature [°C]**?, x;, : Outside air absolute humidity [kg/kg(DA)]**®
Outlet of air tunnel Free slip
Boundary |Wall in air tunnel Temperature: Analytical wall function (AWF)*-*-4-49 Humidity: Lewis analogy
conditions |Ground surface Temperature: Sol air temperature, Convective heat transfer coefficient: 17.9W/(m*0K)
Upper side of air tunnel . .
Lateral and bottom Adiabatic

Temperature transport equation and Pressure correction equation: 1x10*
Convergence condition Momentum, & and € transport equation: 1x10°¢
Humidity transport equation: 1x107
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Table 4.9 Analysis conditions for pre-analysis (obtain flow fields)

Calculation period Steady simulation (Isothermal)
Domain 54.8 m (X) x45.1m (Y) x 13.4 m (2)
Mesh 222 (X) % 180 (Y) x 61 (Z) = 2,437,560
Turbulence model Low Re-type k-¢£ model (Abe-Nagano-Kondo model)
Scheme for advection term QUICK
Inlet of air tunnel U,=1.55 or 0 (Case 1), 0.54, 0.95 or 0 (Case 2), k;,=3/2(Ui,x0.05Y, £:=C.** kil
Boundary Outlet of ai | F i
conditions |Outlet of air tunne ree slip
Wall in air tunnel Velocity: Analytical wall function (AWF)*4- 4-46)

Us: Inlet wind speed (m/s), £in: Length scale (=1.2) [m], ki: Inlet turbulence energy (m?/s?), & O Dissipation rate of kin (m%s?),
C, O Model constant (=0.09) [-]
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Figure 4.26 Outdoor air load / pre-cooling and pre-heating quantity
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Figure 4.29 Condensation area ratio: Case 1-0
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Figure 4.30 Condensation area ratio: Case 1-1
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Figure 4.31 Condensation area ratio: Case 1-2
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Figure 4.32 Condensation area ratio: Case 2-1
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Figure 4.33 Condensation area ratio: Case 2-2
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Figure 4.37 Condensation time ratio: Case 2-2 ceiling side
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Figure 4.44 Mycelium length: Case 2-2
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Figure 4.46 Moisture content of the spore and mycelium length: Case 1-1
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Figure 4.47 Moisture content of the spore and mycelium length: Case 1-2
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Figure 4.48 Moisture content of the spore and mycelium length: Case 1-3
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Figure 4.49 Moisture content of the spore and mycelium length: Case 2-1

132



040 0OO00OO0ODOODODOD

1000
Critical moisture content (A-2) : :"-.ﬁ,"'. . :’,-;‘ '
Critical moisture content (E-2) sl I.i H
800 [T "'\'"l:' ‘3
-~ | mmee——- Moisture content of the spore (A-2) 1:: 1 ,"‘|-'l'{:l ‘ﬁ
b=y vy ' ! '
E é - — = = Moisture content of the spore (E-2) i '3', Y Y l“ A
22 600 I .
E s — - — Myecelium growth (A-2) ! ,' l‘l Y '\'4‘:,,,1 i‘ ﬁ
g g [ ‘w
§ cEn — « — Moycelium growth (E-2) 5': v ‘,‘ %' & _______________ _
2.2 400 S i pragh
28 A h SN
% 2 [ ] (RN
= ! A ¥ g __\‘l--\‘\'hl' 3
> = : S ;' 7 Pl Ly
] : \l'\—\ [ Va e DY
w J N g b , - N
200 H e Lt e
e Ak - v // I N et a et s
e
s
..... s 7
......... s’

0 FJan T Feb | Mar I Apr | May I Jun T Jul T Aug T Sep | Oct I Nov I Dec

Figure 4.50 Moisture content of the spore and mycelium length: Case 2-2
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Figure 4.51 Moisture content of the spore and mycelium length: Case 2-3
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Figure 4.53 Mycelium growth: Case 2

gooboooobobbooobobobbooooboooo20ouboboboooOoo
gbobooooboooboobobooboobobooboobooboboobooo
gbboooogoobobooooboboooboooboooobobobooobbooooo
gobooooobobooboobobooboooboboobooboboobooD

134



040 0O000O0OD0OODOODOO

oboobogoobodbicod poboogobopoobobooobobooobobobobobod
gibbobbbgooobobgbocbg bpbgobobooboboooboboonbobobobo
gboboooboobgoobobooboboboobooboobobobobooooboobo
gbooobobooooboboobooobooobooobbooobboobboooDDbo
oboboooobgooooboboobobobbobono

Figure 454 0000000 0D0OOO0OO0O0ODOOOOO0ODOOOOODOOODOODOOODOO0

oooo
500

X
450 X
400
X X
g 350 X
=] X
£ X XX
= 300 —X X X
%D 250 X
g x X y = 11.288In(x) + 328.36
2200 [ X > R2=0.7056
8 X
S 150
100
50
0
0.01 0.1 1 10

Condensation time ratio [%]

Figure 4.54 Relationship condensation time ratio and mycelium length
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Table 5.1 Influence factors to the system performance

Shape Operation
Depth of burial Operating years
Thickness of wall and floor slab Room temperature on the first floor
Path length Outside air condition (Region)
Sectional area of the path Conditions of outside air introduction
Route type Time of outside air introduction
Heat transfer area of the system Flow rate of the outside air
Thermal insulation performance on the first floor | Moisture absorbent
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Table 5.2 Formulation of multiobjective optimization problem

fi(x): Reduction rate of sensible heat load for outdoor air-condi-
tioning system [%],

f>(x): Risk of dew condensation [%],

f3(x): Flow rate of outside air [m*/h]

Objective function | fi(x) - Max, fo(x) - Min, fi(x)-Max

Design variable x = [x1, %] x;: Average wind speed in the sysytem[m/s],
Limiting condition 0<x;<1.5, 0<x,<0.1 Ax;=Ax,=0.01 | x: Thermal insulation thickness on the first floor [m]
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Figure 5.1 Flow chart of metamodeling and optimization "N is the maximum number of solvers

dodoodooooooobooboobooooooooooooooooooooog
uoooooobooooboobooooboobooooobooboboooooboobooboobooo
uooboooobobbooooboboooobooboooobooboboooooboobooao
UbobooobboooobbooodnbnOdd Multi-Objective Genetic Algorithm (MOGA)U O O
iooobobooobobooobobooobbooono
1o 0oggooog

UoioobDboooobbooobbibo0o0n0bD Random sampling 00000000
gobobooobbog 2000000000 00000Db00000bO0O00DDbO0O00
goooobbod2xgoboooogboobibbogoboboobb pcO00onbDIoOn
g0 200000000 s00 pCOCFDODOOODOOODODOOODOOOODDOOO
goobboobobboooobobibbooo pcOOO0O0O0OO0DOOODDODOOODOOO
gbobooo4010000000

20 0oOoooooooooooogod

gobooogoboooboboboogbobooobobobooobooooboUooDb oo
Krigng 000000000000 DO0DOO0O0O0O00000O00DOO0ODOOO0OO00O00
00000000000000000 MOGAOOOOODODOOD RMSEiDOOOO
Efficient Global Optimization (EGO)D 0O O OO OO0

'0000000000) 000000000 000000000 @RMSE)YDOO0OGE) 0000000000000
gbooobooooooooo@E)Wwoooos3sgooonpmoooboooooooooooooooooooooon 2
OxO000030000000AxO00000 6000000000000

D0D00D0000D0ORMSBOO 00000000000 O0OODE ODOOOOOO0O00000000000O0oOoooonoono

146



Uos0 0O000oo0o0oooooooooooooon

obobooobooooboboboboOo RMSEODDOOOO MOGADODODODOOODOO
goboooopooboobuoobooboooboboboboobobobobDoobooo
UbobobobobO0o0 er000000 MOGADOODOEIDOODODOODODOO
gboooboobooobooobbooooboboooooboboooboooboooobo
ubooobooobobooobiMOGA D O0DDOOO0DOOO0ODOORMSEDEIDO
Ubob0O0o0obo0bDoobo0ob0oo0oOnD: Figure 5200 MOGADODUODOOOODO 5120
oooooogo

35

30

25

20
<

15

10

5

0

0 10 20 30 40
X,

Figure 5.2 Candidate solutions calculated by MOGA and response surface
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Table 5.3 Analysis conditions for uncoupled simulation

January 1~December 31
(A preliminary analysis was performed for the 1 year prior to the analysis year.)

Calculation period

Time interval 3,600 s (when switching flow field: 1 s ~)
Domain 54.8 m (X) x45.1 m (Y) x 12.0 m (Z)
Mesh 213 (X) % 166 (Y) x 44 (Z) = 1,555,752
Turbulence model Low Re-type k-£ model (Abe-Nagano-Kondo model)
Scheme for advection term Momentum and Temperature: QUICK, Humidity: '*“order upwind scheme
Initial temperature of under-
ground and air tunnel system ele- Results of the one-dimensional heat conduction analysis
ments

T.: Outside air temperature®# [°C], x;,: Outside air absolute humidity®-® [kg/kg(DA)]
Inlet of air tunnel U,,: Inlet velocity [m/s] (depend on design variables), k;, = 3/2(U;,%0.05)?,

En= C”S/4D kin3/2 /l[n

Outlet of air tunnel Free slip

Wall in air tunnel Temperature: Analytical wall function (AWF), Humidity: Lewis analogy

Bound-
oune From November to March: 22 °C, From June to September: 26 °C,
ary condi- Floor of the first . . . . -
tions floor Intermediate period: Linear interpolation from winter and summer temperatures,
Overall heat transfer coefficient: 9.0 W/(m*K)
Ground surface Temperature: Sol air temperature®®, Convective heat transfer coefficient: 17.9 W/(m?0K)
Upper side of air
tunnel Adiabatic

Lateral and bottom

Temperature transport equation and Pressure correction equation: 1x10*
Convergence condition Momentum, k and & transport equation: 1x107®

Humidity transport equation: 1x107

Upn: Inlet wind speed [m/s), £in: Length scale (=1.2) [m], ki : Inlet turbulence energy [m%s?], & O Dissipation rate of ki, [m%/s*],
Cy : Model constant (=0.09) [-]
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Table 5.4 Combinations of design variables and results of initial sampling

No. X X N | AX) | S No. X x N | X | S
1 1.41 0.05 10.8 0.57 19,329 11 0.73 0.00 25.1 0.08 10,007
2 0.18 0.08 34.1 0.84 2,468 12 0.45 0.06 22.6 0.63 6,169
3 0.48 0.00 31.7 0.06 6,580 13 0.92 0.08 14.2 1.15 12,612
4 1.04 0.03 143 0.92 14,257 14 0.13 0.08 384 1.11 1,782
5 1.27 0.04 11.9 0.39 17,410 15 0.23 0.08 30.8 0.66 3,153
6 1.10 0.07 12.6 1.02 15,080 16 0.83 0.00 23.1 0.07 11,378
7 1.07 0.01 16.9 0.03 14,668 17 0.14 0.01 45.1 0.12 1,919
8 1.44 0.02 12.7 0.06 19,741 18 0.96 0.02 15.7 0.53 13,160
9 0.53 0.05 21.0 0.97 7,266 19 0.59 0.10 18.3 0.16 8,088
10 0.37 0.02 28.1 0.34 5,072 20 0.23 0.04 32.8 0.37 3,153

(a) f,(x): Reduction rate of sensible heat load (b) £3(x): Risk of dew condensation

A [%] S [%]
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0.0 0.02 0
0.02 0.50 T 0.0 0.50
X5 Thermal ’ 0.06 1.00 X0 Average wind X% Thermal 0.0 0.08 1.00 X: Average wind
insulation thickness [m] 0.08 0.10 1.50 speed [m's] insulation thickness [m] "~ 0. 10" 1.50 speed [m's]

Figure 5.5 Metamodel at the end the of initial sampling: (a) fi(x); (b) f2(x)
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(b) RMSE for f5(x) [%0]

RMSE for f3(x) [®0]

0.00
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0.04
X% Thermal 0.06 0.08 1.00 X Average wind X, Thermal 0.06 0.08 1.00 X): Average wind
insulation thickness [m] ™" 1577 50 speed [m'x] insulation thickness [m] speed [m's]

RMSE for f,(x) [%0]

(d) RMSE for f,(x) [%0]

X3! Thermal 0.06 0.08 1.00 Xy Average wind X, Thermal 0.06 0.08 1.00 X Average wind
insulation thickness [m] =% () 1() 1.50 speed [m’] ~ insulation thickness m0.10° 1.50 speed [ny's]

RMSE for f5(x) [®0]

RMSE for f,(x) [%0]

5 174
0 139
&5 104

0.00 0.00
- 002 0.04 0.50
X3! Thermal 0.06 0.08 1.00 X0 Average wind X, Thermal 0.06 0.08 1.00 Xy Average wind
insulation thickness [m] =7 () () 1.50 speed [ms] “ insulation thickness m0.10 1.50 speed [m's]

RMSE for f5(x) [®0]

0.02 0.50

X! Thermal 0.0 0 i Xy Average wind
insulation thickness [m] =" O 3 ; speed [m's]

Figure 5.6 Process of the Metamodeling (reducing RMSE for £5(x)): (a) End of initial sampling;
(b) Cycle 1; (c) Cycle 2; (d) Cycle 3; (e) Cycle 4; (f) Cycle 5; (g) Cycle 6
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Table 5.5 Results of the additional sampling for reducing RMSE

Cycle No. X X2 filx) f(x) fi(x) RMSE for fi(x) RMSE for f5(x)
21 0.36 0.09 24 .4 0.02 4,935 2.7 % 29.4 %
22 1.27 0.10 10.9 0.03 17,410 10.2 % 36.8 %
23 0.03 0.00 66.7 0.07 411 10.1 % 32.1%
24 0.61 0.03 20.4 0.52 8,362 1.8% 355%
! 25 1.40 0.09 10.4 1.19 19,192 72 % 36.8 %
26 0.83 0.04 16.2 0.63 11,378 6.1 % 359 %
27 1.02 0.05 13.7 0.72 13,983 1.1 % 34.6 %
28 1.50 0.09 9.9 1.13 20,563 13.7 % 36.8 %
29 0.03 0.10 50.5 1.38 411 5.1% 35.0 %
30 0.09 0.06 43.6 0.29 1,234 1.7 % 35.0 %
31 0.08 0.03 47.7 0.07 1,097 2.3 % 34.1 %
) 32 0.61 0.08 18.5 1.45 8,362 1.0 % 34.8 %
33 0.78 0.06 16.2 0.94 10,693 0.7 % 34.8 %
34 0.91 0.10 13.8 0.05 12,475 1.9% 34.9 %
35 1.44 0.07 10.4 0.85 19,741 0.6 % 35.0%
36 1.36 0.01 14.4 0.04 18,644 1.9 % 32.7 %
37 0.76 0.09 15.8 0.06 10,419 0.3 % 23.1 %
38 1.14 0.09 11.9 0.03 15,628 0.5 % 25.3 %
3 39 1.21 0.02 14.4 0.08 16,588 0.4 % 23.3 %
40 0.66 0.01 22.3 0.25 9,048 0.2 % 25.6 %
41 1.23 0.00 18.7 0.02 16,862 0.9 % 26.7 %
42 1.50 0.00 16.3 0.01 20,563 5.5% 29.4 %
43 0.29 0.00 39.7 0.09 3,976 0.7 % 23.6 %
44 1.24 0.06 11.7 0.79 16,999 0.2 % 27.1 %
45 0.03 0.05 54.0 0.12 411 0.5 % 27.6 %
46 0.40 0.04 25.1 0.62 5,484 0.2 % 22.2 %
4 47 1.48 0.04 10.8 0.30 20,289 0.4 % 26.4 %
48 0.78 0.02 18.1 0.29 10,693 0.1 % 21.5%
49 1.00 0.10 13.0 0.04 13,709 0.1 % 13.1 %
50 0.01 0.03 60.6 0.22 137 0.6 % 122 %
51 0.01 0.01 65.7 0.35 137 0.4 % 17.1 %
52 0.26 0.05 30.4 0.65 3,564 0.1 % 20.9 %
53 0.27 0.07 29.0 0.74 3,701 0.1 % 20.6 %
54 0.23 0.10 30.1 0.09 3,153 1.2 % 22.9 %
55 0.51 0.07 20.8 1.11 6,991 0.1 % 19.8 %
3 56 0.77 0.07 16.1 1.09 10,556 0.1 % 20.5 %
57 1.36 0.03 12.8 0.13 18,644 0.2 % 18.6 %
58 1.50 0.06 10.2 0.70 20,563 0.3 % 21.4 %
59 1.28 0.08 11.2 1.09 17,547 0.2 % 21.1 %
60 1.50 0.10 9.7 0.22 20,563 0.8 % 22.9 %
61 0.43 0.01 28.4 0.19 5,895 0.3 % 15.8 %
62 0.38 0.03 26.5 0.64 5,209 0.1 % 13.7 %
6 63 0.03 0.07 52.4 1.19 411 0.8 % 16.1 %
64 0.03 0.09 S51.1 1.55 411 0.8 % 16.6 %
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Figure 5.7 Process of the Metamodeling (reducing EI for f>(x)):
(a) End of additional sampling Cycle 6; (b) Cycle 7; (c¢) End of additional sampling Cycle 8
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Table 5.6 Results of the additional sampling for reducing E/

Cycle No. x X F(x) () A() E for f(x) EI for fy(x)
65 0.14 0.00 50.8 0.06 1,919 0.0 % 2.3 %
66 0.19 0.02 37.8 0.06 2,605 0.0 % 32%
67 0.33 0.10 253 0.05 4,524 0.0 % 13.5 %
; 68 0.77 0.10 15.5 0.12 10,556 0.0 % 58%
69 L12 0.10 119 0.04 15,354 0.0 % 3.0 %
70 1.03 0.00 20.6 0.03 14,120 0.0 % 13 %
71 1.20 0.01 15.8 0.04 16,451 0.0 % 5.6%
72 129 0.02 13.8 0.07 17,684 0.0 % 3.1%
73 0.31 0.01 334 0.18 4,250 0.0 % 0.9 %
74 0.19 0.03 36.5 0.14 2,605 0.0 % 0.2 %
75 0.89 0.01 19.1 0.05 12,201 0.0 % 12 %
76 139 0.00 172 0.01 19,055 0.0 % 4%
g 77 1.50 0.01 134 0.05 20,563 0.0 % 55%
78 029 | 0.095 27.1 0.03 3,976 0.0 % 8.7 %
79 037 | 0.095 239 0.03 5,072 0.0 % 43%
80 075 | 0.095 15.8 0.12 10,282 0.0 % 8.6 %
81 098 | 0.095 132 0.03 13,435 0.0 % 153 %
32 110 | 0.095 12.1 0.04 15,080 0.0 % 112 %
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(a) f1(x): Reduction rate of sensible heat load (b) f5(x): Risk of dew condensation

75.8%

- x,: Average wind speed I:I X,: Thermal insulation thickness

Figure 5.8 Contribution ratio of the Design variables to the Objective function: (a) fi(x); (b) f2(x)
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(a) f1(x): Reduction rate of
sensible heat load
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x,: Thermal insulation thickness [m] 0.08 x,: Average wind speed [m/s]

Figure 5.9 Metamodel: fi(x) Reduction rate of sensible heat load for outdoor air-conditioning system

(b) £5(x): Risk of dew condensation
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g x,: Average wind speed [m/s]
x,: Thermal insulation thickness [m] 0.10 150

Figure 5.10 Metamodel: f>(x) Risk of dew condensation
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Figure 5.11 Distribution of three-dimensional optimal solutions
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Figure 5.14 Combination of optimal Objective function and Design variable
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Figure 6.2 Process of developed implementation
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Table 6.2 Condition of CFD

Pre steady analysis Main unsteady analysis

Calculation period / Time inter- 1/1 ~12/31/ 3,600s (Approaching period: 1 year)

val
Mesh 110(X) x 48(Y) x 21(Z) = 205,920, Structured grid
Domain 40.4m(X) x 13.4m(Y) x 6.9m(Z)
Scheme for advection term 1*-order upwind scheme for advection term
Turbulence model Standard k-£ model
Inflow boundary (Flow) U= 100,225}, U;: Accordance with loading flow fields
k=3/2(Ux0.05)%, &=C>* k> /1 1;| "

Inflow boundary (Temp. and To= Touside, e + MaX (Tousiae) XN, 1, Xo= Xouside, 1 T MAX (Xoussice) < N,
humidity) ) ¢
Outlet boundary Free slip

. . Velocity: General logarithmic|Temperature: General logarithmic function
Wall boundary in the air tunnel functior}ll ¢ Humlli’dity: Lewis relationgship (Exponent=0.67)
Upper side boundary of the air Surface temperature: 22.0~26.0°C, Heat transfer coefficient:
tunnel ) 23.0W/(m*K)
Initial temperature - Results of the one-dimensional heat conduction analysis

Surface temperature: Sol air temperature®-1%,

Convective heat transfer coefficient: 17.9W/(m*K)

Soil side and bottom - Adiabatic condition

U;: Wind speed [m/s], ¢: Length scale (=1.0) [m], k;: Turbulence kinetic energy [m%/s], e;: Dissipation rate of k;, [m%/s®], Cy:
Model constant (=0.09) [-],

T,: (Inlet) Outside temperature [°C], Tyusiae: Outside temperature (Meteorological Data®?) [°C],

x,: (Inlet) Outside absolute humidity [kg/kg'l, Xousice: Outside absolute humidity (Meteorological Data® D) [kg/kg'],

N: Random noise for each time, —0.01 <N <0.01

Ground surface boundary
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Figure 6.9 Pairplot matrix of the input data at training the Counterfactual Predictor
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Table 6.3 Conditions of reinforcement learning

Episode (step) Training: 30, Evaluation: 5 (3,649 steps / episode)
Algorithm DQN®-*» + Double DQN®-* + DDQN®-16) + PER®-1)
Discount factor y 0.99

Exploration rate & Linear schedule, &=1.0, ey = 0.02

Learning rate 0.0005

Replay memory buffer 50,000
Q-Network / Batch size 22x64x64x2 /32
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Table 6.4 Execution environments

PC Intel® Core™ i7-4790K, RAM 8GB
Environment CFD: Cradle STREAM v. 14.1

Agent Stable Baselines 2.10.15-1% (Python 3.7)
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Figure 6.10 Prediction results.
Left: Outlet temperature, Right: Absolute humidity difference

Table 6.5 Prediction accuracy

RMSE R2
Outlet temperature [°C] 0.39 (0.40) 0.996 (0.996)
Absolute humidity difference [kg/kg'] 9.8x10° (10.2x10°)  0.745 (0.675)

Parentheses indicates mean cross-validation score
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Table 6.6 Confusion matrix of the Counterfactual Predictor

Predicted Class
Positive Negative
Positive 518 249
True Class :
Negative 182 675

Positive indicates Ax is negative value.
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Figure 6.16 Relationship dew point temp. and surface temp. (Random)
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Figure 6.18 Relationship dew point temp. and surface temp. (Reinforcement learning)
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U0 xgoobOoboodyobboooooooboooobobooooobooobg yboodo
gobobogz2og2s0bb0ooonobbooo0obbonbDOO0OO0DnOOdCOFigure6.1800
gooobooooob 2s00000gooboboooobbbooooobbobooooonoo
goobobooobbooobobooobboooon

655 0000 Agent DO OO O

U000 Figure6.200 Figure 6,41 0 000000 Agent DO 000D 0OOO0OO0DOOO0ODN
AgentJ 000000000 O0OO0ODOOOODOOOODODOOODODOOODODODO S
UO0xOooooobgooosobooonb oobDlo0O0DbODbDO0DbODOODxe O 0.00
roooooDoboobObOoObObbOObObObObObO0O00D00Og 0500000 Agent U a~l
08,100m»h 000000000000 0D000O0O0O0OO0O0D0D0OO0O0OODOO0OOO
Table 6.70 000000000

Figure 6,300 000000000000 0O0O0DODOOODOODODODOOOOODOOOSO
ubbobooobobdooobibb x0dbbbdbe=100000OOO0O0ODOOODODOO
ugbbobooobooboosbobuooobbuooobbtbodlbxxbOooobbd a=0 0O
ubbooobbooobbuooobbooaboboboaoo

184



el 0O000OO0OO0OOOOOOOOOOO

s=0.0 s=03 s=0.6 s=09
s=0.1 s=04 s=0.7 s=1.0
s=02 s=05 s=028
1.0
W
)
2
5 05
3
f=}
g
=
2
5
<
0.0 L L
0.0 0.2 0.4 0.6 0.8 1.0

dew_point_temperature [-]

Figure 6.20 Action probability (Dew point temperature)
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Figure 6.21 Action probability (Fresh air Volume)
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Figure 6.22 Action probability (Humidity at P0O)
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Figure 6.23 Action probability (Humidity at P1)
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Figure 6.24 Action probability (Humidity at P2)
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Figure 6.25 Action probability (Humidity at P3)
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Figure 6.26 Action probability (Humidity at P4)
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Figure 6.27 Action probability (Humidity at P5)
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Figure 6.28 Action probability (Humidity at P6)
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Figure 6.29 Action probability (Humidity at P7)
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Figure 6.30 Action probability (Outside air absolute humidity)
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Figure 6.31 Action probability (Outside air enthalpy)
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Figure 6.32 Action probability (Outside air temperature)
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Figure 6.33 Action probability (Surface temperature at P0)
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Figure 6.34 Action probability (Surface temperature at P1)
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Figure 6.35 Action probability (Surface temperature at P2)
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Figure 6.36 Action probability (Surface temperature at P3)
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Figure 6.37 Action probability (Surface temperature at P4)
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Figure 6.38 Action probability (Surface temperature at P5)
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Figure 6.39 Action probability (Surface temperature at P6)
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Figure 6.40 Action probability (Surface temperature at P7)
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Figure 6.41 Action probability (Solar radiation)
Table 6.7 Min/Max Values for normalization
States Min Max States Min Max
outside_air_temp -10 40 humidity 0 0 100
outside_air_abs_humidity 0 0.025 humidity 1 0 100
outside_air_enthalpy 0 100 humidity 2 0 100
solar_radiation 0 1000 humidity 3 0 100
dew_point_temperature -20 40 humidity 4 0 100
rep_surface_temp 0 0 30 humidity 5 0 100
rep_surface_temp 1 0 30 humidity 6 0 100
rep_surface_temp 2 0 30 humidity 7 0 100
rep_surface temp 3 0 30 fresh_air_volume 0 8100
rep_surface temp 4 0 30 outlet_air_temp -10 40
rep_surface_temp 5 0 30 outlet_air_abs_humidity 0 0.025
rep_surface temp 6 0 30
rep_surface temp 7 0 30
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