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PROBLEM

* The push for renewable energy has increased energy usage efficiency

* Energy usage index from 2023 study shows significant usage for various fully electric-
powered buildings

 Rising energy consumption in everywhere especially in extreme weather regions like
Big Bear/ Palm Springs.
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Figure 1. Boxplots of annual electricity by building category for fully electric-powered buildings [1].




OUR SOLUTION

« Use a Digital Twin (Al-powered simulation) to:

* Model and optimize HVAC and energy systems.
« Integrate HVAC and electrical systems for efficiency.
« Adapt to environmental changes, reducing energy costs by up to 30%.

Impact: A scalable, sustainable, and energy-efficient design supporting net-zero
goals.
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INSPIRATION: SOCAL GAS [H2]
INNOVATION EXPERIENCE

of-irst hydrogen-powered microgrid
home in N. America (Downey, CA)
ability to power 150 homes annually.

eSolar-to-hydrogen energy system for
clean, net-zero power.

e Awards: Fast Company & US Green
Building Council honors.

e Advances SoCalGas's 2045 net-zero
carbon goal.
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SYSTEM/TOOL OVERVIEW

Building Sirmulation Energy Expected/
Parameter (Simulink) Consumption Satisfied Complete
(Revit) /Cost Results?

 Dimensions e |nitial * Electricity

e Thermal Temperature  Natural Gas
Cond'uctlwty * Exterior + Hydrogen

« Density Temperature

* Specific Heat

* Area



DESIGN OVERVIEW- REVIT 2D FloorPlan

« Zones
« Square footage: 740 square feet
e Volume : 12,580 cubic feet.
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Figure 4 & 5 Revit Model Floor Plan.



REVIT -1ST 3D MODEL

Simple Model: Zone 1: Level 1

Figure 6 & 7 Revit Model Level 1.



REVIT-BUILDING

. Creation of Components Properties by material layering
o Floors, Walls, Doors, Windows
Windy Enviroment (Downey) | | Hot Enviroment (Desert) | | Cold Enviroment (Big Bear) |

CSULA Interior Wall (desert) | | CSULA Interior Wall (snow) |

Exterior Layer

CSULA Interior Wall | [

Exterior Layer Exterior Layer

Function Material Thickness Function Material Thickness Function Material Thickness

1 Finish Drywall 0.625 1 Finish Drywall 0.625 1 Finish Drywall 0.625

2 Strucutre Studs/Wood 3.5 2 Thermal/Air Layer batt insulation between stu 2 2 Thermal/Air Layer  Moisture/Vapor Barrier 0.05

3 Finish Drywall 0.625 3 Strucutre Studs/Wood 3.5 3 Strucutre Studs/Wood 3.5
Interior Layer 4 Finish Drywall 0.625 4 Finish Drywall 0.625

Interior Layer Interior Layer

CSULA Exterior Wall CSULA Exterior Wall (desert) CSULA Exterior Wall (snow)

Exterior Layer Exterior Layer Exterior Layer

Function Material Thickness Function Material Thickness Function Material Thickness
1 Finish Masonry Brick 3.5 1 Finish Sun reflect Stucco 1 1 Finish Concrete Siding 0.5
2 Membrane Layer Moisture/Vapor Barrier o 2 Membrane Layer  Moisture/Vapor Barrier 0.05 2 Membrane Layer Moisture/Vapor Barrier 0.05
3 Thermal/Air Layer Air Barrier 0.05 3 Thermal/Air Layer Rigid Foam between studs 2 3 Thermal/Air Layer  air barrier 0.05
4 Substrate Plywood 0.5 4 Substrate Plywood 0.5 4 Substrate Plywood 0.5
5 Structure Studs 3.5 5 Structure Studs 3.5 5 Structure Studs 3.5
6 Finish Drywall 0.625 6 Finish Drywall 0.625 6 Finish Drywall 0.625
Interior Layer Interior Layer Interior Layer
| Interior Interior | Interior
CSULA CSULA CSULA
Interior Type of Wall Interior Wall Type of Wall Interior
Type of wall wall ; . wall
Triackness TR Thickness 6.75 in Thickness 280n

Heat transfer Coefficient (U)

Thermal Resistance ®
Thermal Mass

0.52 W/{m"2*K)
1.9231 (mMA2¥K)/W
1155 kJf(mA2*K)

Absorptance 0.1
Roughness 1
Exterior
CsuULA
Exterior
Type of wall wall
Thickness 8.175 in

Heat transfer Coefficient (U)

Thermal Resistance ®
Thermal Mass
Absorptance
Roughness

0.1761 W/(m~2*K)
5.6785 (M"2*K)/W
969.42 kJ/{m"2*K)
0.1
1

Heat transfer Coefficient (U)
Thermal Resistance ®

Thermal Mass

0.0093 W/{m"2*K)
107.1862 (m~2*K),/ W
1213.88 kJ/{m"2*K)

Absorptance 0.1
Roughness 1
Exterior
CsuLA
Type of Wall
e Exterior Wall
Thickness 7.675|in

Heat transfer Coefficient (U}
Thermal Resistance ®

Thermal Mass
Absorptance
Roughness

Tailored Wall Layers based on the Environmental Conditions

0.0281 W/[m*2*K)
35.6388 (m"2*K)/ W
2565.63 kJ/(mn2*K)

0.1
1

Heat transfer Coefficient (U)
Thermal Resistance ®
Thermal Mass

0.52 W/(m"2*K)
1.9231 (m"2*K)/W
1155 kI/(m~2*K)

Absaorptance 0.1
Roughness 1
Exterior
CSULA
Type of Wall Exterior
Wall
Thickness 5.225in

Heat transfer Coefficient (U)
Thermal Resistance ®
Thermal Mass

Absaorptance 0.1
Roughness 1

0.1624 W/(m"2*K)
6.1565 (MA2*K)/W
1724.97 kJ/(m"2*K)
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WEATHER: A KEY DRIVER FOR HVAC EFFICIENCY

Temperature, precipitation, and
seasonal cycles dictate heating
and cooling needs.

*Big Bear: Freezing winters with lows of 2°C demand robust heating .
®Palm Springs: Summer highs exceeding 100°F increase cooling loads.

Seasonal Challenges :

e Incorporates real-time weather data for adaptive system performance .

Data-Driven HVAC Design : e Aligns with ASHRAE standards for energy efficiency and thermal comfort.

Environmental and Economic ¢ Accurate weather modeling optimizes energy usage and reduces costs.
Relevance : ® Supports sustainable practices and occupant comfort.




ENVIRONMENTAL MODELS

These models support predictive accuracy and regulatory compliance:

*ASHRAE 62.1: Ensures indoor air quality by defining ventilation rates and maintaining
healthy air conditions for occupants.

*ASHRAE 90.1: Establishes energy efficiency standards for sustainable HVAC
performance, reducing energy consumption without compromising system
performance.

*ASHRAE 55: Defines thermal comfort parameters, such as temperature, humidity, and
air movement, ensuring a comfortable environment for occupants.

*ASHRAE 189.1: Focuses on sustainable practices in design and building operations,
emphasizing energy efficiency and environmental stewardship.



Weather Data Collection

Collected temperature and
precipitation data for Palm
Springs and Big Bear,
including seasonal and
daily cycles.

Temperature Insights

Highs in Palm Springs
exceed 100°F in summer;
lows in Big Bear highlight

freezing winter conditions..

WEATHER DATA & STATISTICS

Big Bear Dataset

Data recorded every
second over seven days
across all seasons, focusing
on critical times like sunrise,
midday, and sunset.

Precipitation Patterns

Rainfall data for Palm
Springs and snowfall for Big
Bear provide a complete
climate overview for energy
planning.

15

MATLAB Integration

Data was used to create a
MATLAB file for HVAC
system modeling. .

HVAC Integration

Real-world data enables
HVAC systems to adapt to
temperature changes,
enhancing comfort and
reducing energy waste.
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WEATHER DATA IN BIG BEAR (MONTHLY)

The coldest month of

Month
Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec the year in Blg Bear Clty
Avg. Temperatures . .
High (°C) 10 1 13 17 21 27 30 29 27 21 15 10 is December, with an
Avg. Temperatures Low o
(°C) 2 2 3 6 9 14 18 18 15 10 6 2 average |OW O-[: 2 C and
Avg. Wind Speed hlgh of 10°C.
(km/h) 9 10 11 11 11 10 8 8 8 8 9 9

Avg. Precipitation (mm) 43 49 31 22 15 8 44 43 20 15 16 54
Average Humidity (%) 48 49 48 41 40 32 30 30 33 36 39 49
Avg.Cloud Cover (%) 21 21 21 14 10 6 1 10 7 9 14 23
Pressure Average (mb) 1019 1017 1016 1013 1012 1010 1012 1012 1012 1014 1017 1018

Average Dry Days 25 21 25 26 27 28 23 25 26 25
Avg. Precip. Days 4 4 4 3 4 2 8 6 4 2 2 4
Avg. Snow Days 2 3 2 1 0 0 0 0 0 0 1 2
Average Fog Days 0 0 0 0 0 0 0 0 0 0 0 0
Average UV Index 2 3 3 4 5 6 6 6 5 4 3 2
Avg. Hours of Sun 280 256 291 313 333 336 322 327 330 338 314 280
Figure 8. Monthly data in Big Bear. i
— |
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WEATHER DATA IN BIG BEAR (SEASONAL)

Seasons
Month Winter Spring Summer Fall/autumn Th e CO | d eSt m O nth Of .
v, Temperaures High () the year in Big Bear City
Avg. Temperatures Low (°C) 2.00 6.00 16.67 10.33 |S VV| Nte r, W|th an
Avg. Wind Speed (km/h) 9.33 11.00 8.67 8.33 avera g e |OW O'F 2 ] OOO C
Avg. Precipitation (mm) 48.67 22.67 31.67 17.00 . o
Average Humidity (%) 48.67 43.00 30.67 36.00 d ﬂd h Ig h Of 1 033 C
Avg. Cloud Cover (%) 21.67 15.00 9.00 10.00
Pressure Average (mb) 1018.00 1013.67 1011.33 1014.33
Average Dry Days 23.67 26.00 25.33 26.00
Avg. Precip. Days 4.00 3.67 5.33 2.67
Avg. Snow Days 2.33 1.00 0.00 0.33
Average Fog Days 0.00 0.00 0.00 0.00
Average UV Index 2.33 4.00 6.00 4.00
Avg. Hours of Sun 272.00 312.33 328.33 327.33

Figure 9. seasonal data in Big Bear.




REVIT -FULL 3D MODEL

it

I

Figure 10 & 11 Complete Revit Model.




Figure 12.Revit Model Complete HVAC System.

REVIT MEP : COMPLETE HVAC
PLANS

Components Matching the Colors:

*Supply Ducts (Blue): Bring conditioned air to
rooms.

*Return Ducts (Green): Bring air back to the
HVAC system.

*Exhaust Ducts (Red): Remove stale air, often
from bathrooms or utility areas.

*Refrigerant/Chilled Water Lines (Purple): Carry

cooling agent in certain systems.

*Vertical Risers (Brown): Transfer air or
refrigerant between the ground and first floors



REVIT MEP- HVAC
SELECTION AND B
ZONES
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*Recommended System: Zonal HVAC with
Variable Speed Blowers
*\Why?: Adapts to varying room occupancy and
usage patterns.
*Key Benefits:
e|ndividual thermostats for tailored
temperature control.
eEnhanced comfort and energy efficiency.
e\/ariable speed blowers adjust airflow to
meet specific room demands, reducing
energy waste.
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Figure 13 and 14 HVAC Airflow Components



REVIT MEP HVAC PLAN- FRONT VIEW

Figure 15: Revit HVAC Front View Model
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Setpoint
= AC_On

72 » F2C
Thermostat
Set Temperature (°F)
2
Thermostat Set
Temperature (*F):Value Hysteresis

68 10 72
66 gl 74
84— - 76
62 " SQP 78
80 80

>

Temperature Control Chart
(Smart Thermostat)

DESIGN OVERVIEW - MATLAB/SIMULINK
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Figure 16. Top level Simulink model.




HEATER/AC MODEL

72 » F2C
Thermostat
Set Temperature (°F)
2
Thermostat Set
Temperature (*F):Value Hysteresis

68 0 72
ey
86 - . 74
64— N-76
627, 78
80 30

>

Temperature Control Chart
(Smart Thermostat)

Heater
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-

Daily temperature
variation

80

Average Outside
Temperature (°F)

G

S

F2C

Outdoor Tgmperature (°F)

House Thermal Network

[ >

Cooling Cost (Hydrogen)

Hydrogen Weekly Cooling Cost ($)

Cooling Cost (Electricity)

" Heating Cost (Natural Gas)

Electricity Weekly Cooling Cost ($)

> I

Heating Cost (Hydrogen)

Cost

ndoorTemp] o

Natural Gas Weekly Heating Cost ($)

>

Hydrogen Weekly Heating Cost ($)

[




MATHEMATICALLY DRIVEN HEATER/AC

« Equation used for heater/AC:

For heat gain due to heater (adding heat into house):

aQ
E = Mcy (Theater — Troom)

For heat gain due to AC (removing heat from house:

aoQ
E = McCy (Troom — Tac)

Where:
kg

* ™ = mass flow rate of air (?)
* ¢, = specific heat of air at constant pressure @ 273K = 1005.4kg+K
. aQ
dt

= heat or AC flow into the room (W)

24



HEATER/AC MODEL IN SIMULINK

o

On
P
’
Heater Switch Heat Flow
: X 1
T_Avg > >
Feat Gain Energy used in a week (J)
T_Heater
Heater Air Temperature

Figure 17. Heater Model.

x

AC Switch AC Flow

AC Gain dt s

Energy used in a week (J)

T _Chiller

AC Temperature

Figure 18. AC Model.
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72 » F2C
Thermostat
Set Temperature (°F)
2
Thermostat Set
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THERMOSTAT MODEL IN SIMULINK
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THERMOSTAT MODEL IN SIMULINK

o T m e ———— e —————————————————————————————————— —

'Heater_AC | | \
i [T_indoor >= Setpoint] [T_indoor <= Setpoint] :

lf
| Heater_On | —| Both_Off < [AC_On :
I - ,
: J 2 1 1 i
! \ |
i [T_indoor < (Setpoint-hyst)] l [T_indoor > (Setpoint+hyst)] :

|
! I
\ /

Figure 19. StateFlow Thermostat.

YSt S.P Heater Off
|
|

Lower higher

Termp e Y O Temp

Figure 20. Visual representation of StateFlow Thermostat.
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COST CALCULATION

-

Hydrogen Weekly Cooling Cost ($)

Cooling Cost (Hydrogen) » l |
1 ] A ;
Gooling Cost (Electricity) Electricity Weekly Cooling Cost ($)
72 » F2c Setpoint | Heating Cost (Natural Gas)
: P2
Thermostat i ) tiesting Cost (tlydronen) ol I
Set Temperature (°F) -
» Cost Natural Gas Weekly Heating Cost ($)
Thermostat Set

Temperature (*F):Value Hysteresis Temperature Control Chart
68 10 72 (Smart Thermostat)
66 > gl 74 N
64~ -76 Hydrogen Weekly Heating Cost ($)
627 78 :
4 \
60 80 Heater CC_E

House Thermal Network

[

F2C __‘/
IR

[IndoorTemp] >4 » C2F
/ Average Indoor Temperature (°F)

/\/ + 4 Outdoor Tgmperature (°F)
Daily temperature S L
variation
80

Average Outside
Temperature (°F)
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COST CALCULATION

Model initialization function:

1| %% Natwral Gas

% Cost estimation

% Assume the cost of matural gas to be $£1.628 per therm
% 1 Therm = 182,808 BTU = 185,580+18* Joules

% Cost = § 1.625/(185,588+18"3) * Joules

heating_cost = 1.6825/(185508%18"3);

Pl

‘CC_E\ CC_H
A
%% Electricity
h2 t . > 1 ) i i
4’|_’;(£S// Cooling Cost (Hydrogen) _ % Cost estimation _— ’
Cooling Cost (Hydrogen) 18 | % Assume the cost of electricity to be $8.28 per 1 kikh
11 |% 1 khh = 36088898 Joule
12 (% Cost = ($8.28/1 kWh) / 360800888 loules
13| ac_cost = @.28/ (36060808 ;

ac_cost »{ 2 =
/ Cooling Cost (Electricity) G 15 | %% Hydrogen

In1 Cooling Cost (Electricity) e | % Cost estimation

17 |% Assume the cost of Hydrogen to be $1.39 per 1 kg
18 | % Energy density = 131#18%6 Joules /7 1 kg
% Cost = $1.39 / 131#18"6 Joules

1 ) -
- heating_cost 26| h2_cost = 1.39/(131%18°6);

Heating Cost (Natural Gas) .
In2 Heating Cost (Natural Gas) 21

Em:qumment

23| % The air exiting the heater/chiller has & constant temperature.
24 | T_Heater = 45; % [°C]

25| T _Chiller = 14.5; % [°C]

L= - - I - L

T | —
A

P h2_cost
Heating Cost (Hydrogen)

Heating Cost (Hydrogen)

27 | %% Air
28| c_air = 1885.4; % cp of air at 273 K [1/(kg*K)]
29 |Density_Air = 1.2558; % [kg/m?*]

31 (% Mass flow rate
32 (M dot = 1; % 1 kgfsec

34 | %% Initial temperature of the entire house
35 | InitialIndoorTemperature = 31; % [°C]

Figure 21. Cost calculation model based on weekly energy usage. Figure 22. Cost calculation parameter. Values obtained from [2], [3], [4].



HOUSE THERMAL NETWORK

Setpoint

AC_On

e

72 » F2C
Thermostat
Set Temperature (°F)
2
Thermostat Set
Temperature (*F):Value Hysteresis

68 10 72
66 s gl 74
64— N-76
627278

80 30

>

Temperature Control Chart

(Smart Thermostat)

Heater

v

Daily temperature
variation

80

Average Outside
Temperature (°F)

G

S

30

v |

Hydrogen Weekly Cooling Cost ($)

F2C

Outdoor Tgmperature (°F)

House Thermal Network

{ S

Cooling Cost (Hydrogen) » l |
1 ] A ;
Cookig Coat (Electrioiy) Electricity Weekly Cooling Cost ($)
" Heating Cost (Natural Gas)
> 2 i 7 I |
Heating Cost (Hydrogen) > I
Cost Natural Gas Weekly Heating Cost ($)

>

Hydrogen Weekly Heating Cost ($)

;

C

JL

[¢]
(9]
I
A

U E

1L

ndoorTemp] o

C2F

A

Average Indoor Temperature (°F)

[SetPoint] >

A

e
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DIMENSIONS AND REFERENCE 3
DESIGNATORS FOR WALLS AND ROOMS

— Exterior Wall 9.3 21/32" 7'-10 172" 22'-311/32"
— Interior Wall : ‘

‘- 4 5/32"

w4 W3

N [
&y
9
N
0 Bathroom1
© I \ [ I Storage Room 2 m .
& External Heat Transfer &
- . Internal Heat Transfer 5

=]

N -
& Living Room 1 — Exterior Wall
o Storage Room 1 = Interior Wall 31'-67H6" , T'-111Ae
© R T

. w14

39'- 51/2"

Bathroom 2 /

Figure 23. 15t Floor. Living Room 2 \ ]

21'- 0 716" 6'- 4 13/32" 12'- 0 5/8"

- —— -

18'- 1 3/16"

11'-8 11/16"

Bedroom
Storage Room 3

8'-113/186"

39'- 5 1/2"

Figure 24. 2" Floor.
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EXAMPLE OF
HOW A ROOM
IS MODELED

o

S| S|
: T LR2

Heating+Coaling T_LR2
| : Temgarature 33
BENEOT
II | Connd
| \
S <D
Themnal Mass
> ——fExterior Wall Controlied
Conn Tempereture Source Thermal R.I’Tfeteme
AL-+{E A= i Ar=s1B Al-+]E D fll
= =5 = s o
&
Interiar-wall Half wall-Intersor air Haf wiall-atm Waill-atrm -
Conn convecton conduction canduction convechon
{2 | wall
| thermal mass
Double Window (S)
A B Ar=FB A[=FIB Al-JB
e — L= | g |
Interior-DANS Half DWW S-nterlor alr Haf DWW S-atm D'S-atrn
convecton conduction conduction convechon
E—:‘ Dhouble Window (5)
) thermal mass
Double Window (M)
L AL-JB Ar=FB Ar=sB8 All-.oJB
’_I"‘"‘| — L= | g |
Interar-Ed Half Interior-DWWK Haif DWhA-atrn CWI-atm
convection conduction _ conduction convechon
[—_" Dhousbie Window (M)
) thermal mass
Fixed Window
L AL JB Ar—B = AlL- B
— l==] l==] i+
Intesor-FW Half Interor-FW Haf Fiv-atm EW-atm
convechion conduction conduction convechon
—| Fixed Window
___ ) thermal mass
Roof
_AME Ar==1B AF==B AlL-»]B
i L= | B0 |
Interior-Foof Half Intenar-Roof Haf rocf-atm Roof-gtm
convecton conduction conduction conwechon
Rm{ . d . .
J thermai mass Figure 26. 2" floor living room thermal model.




CALCULATION METHOD

~ Parameters

34

Conmvection type Constant
> Area (height_s(w1-w15-wle+w2-+wlT+wld))-(num_5_window LRE2*area_5_window)-(num_M_window_LR2*area_M_window)-(num_L_window_LR2*area_L_window)-num_F_window_LR2*area_F window) 50585 mn2
» Heat transfer coefficient he_interior 28 WY mA2*K)
Figure 27. Interior air - wall convection calculation.
| Block Parameters: House Thermal Network x|
| Parameters
‘indow (L)  Double Window (M)  Double Window (S)  Fixed Window  Wall Height ~Rooms 4.»:
~ Wall Length
Wi (m) 12
W2 (m) 5.52
W3 (m) 679
Block Parameters: House Thermal Network *
W4 (m) 2.4
Farameters
W5 (m) 2.84
Roof Properties  Exterior Wall Properties  Interior Wall Properties  Double Window (L)  Double Window (M)  Double Window (5)  Fixed Window  Wall Height ~ Rooms  Heat Transfer Coefficient
Total Area (m2) 68.75 Gy B
W7 (m) 1.57
Thickness (m) .2127 0.2127
W8 (m) 1.96
Density (kg/m3) 288.87
Wo (m) 1.32
Specific heat (J/kg/K) 782.45 Wi () [248
m .
Thermal conductivity (W/m/K) 0.0414 W11 (m) 170
Initial Temperature (°C) InitialIndoorTemperature W12 (m) 1.33
W13 (m) 241
W14 (m) 9.61
Cancel Help Apply
W15 (m) 3.67
Figure 28. Input prompt window for all parameters. W16 (m) 1.94
b Living Room 1 (1st Floor)
| » Living Room 2 (2nd Floor)

b Storage Room 3 (2nd Floor)
» Bedroom (2nd Floor)

Cancel Help Apply
Figure 29. Wall length input prompt window.
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SIMULATION RESULTS - COOLING

25— [ <Cooling Cost (Electricity)>
| <Cooling Cost (Hydrogen)>
20— —
» 15— ]
=
7}
o
© 10— —
5L _ |
0 _ |
\ | \ | \ |
1
\ | \ | \ |
08— <Heating Cost (Natural Gas)>
<Heating Cost (Hydrogen)>
06— =
04— ]
02— —
£
@ 0
Jal
O
02— _ |
04— |
06— |
08— |
) | | | | | |
\ | \ | \ '
110— Average Indoor Temperature (°F) |
Thermostat Set Temperature (°F)
Outdoor Temperature (°F)
100— ]
™
< 90— —
<
T 80 —
[} /|
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Figure 30. Temperature vs. Time (7 days) Simulation and cooling costs for 72°F set point and 88°F+30°F outdoor temperature with 87.8°F initial temperature.



SIMULATION RESULTS - COOLING

Cooling Cost/(Hydrogen)
Cooling Cost (Electricity)
. Heating Cost {Matural Gas)

Heating Cost (Hydrogen)

> 3.49

Hydrogen Weekly Coaoling Cost ()

> 25.55

Electricity Weekly Cooling Cost ($)

Cost

> 0.00

Natural Gas Weekly Heating Cost (3)

N 0.00

Hydrogen Weekly Heating Cost ($)

Figure 31. Numerical results for cooling cost on simulation from Figure 22.
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SIMULATION RESULTS - HEATING
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Figure 32. Temperature vs. Time (7 days) Simulation and heating costs for 72°F set point and 30°F=30°F outdoor temperature with 50°F initial temperature.



DESIGN OVERVIEW HVAC - MATLAB/SIMULINK
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Figure 33. Simulink model Refrigeration cycle
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INTERIOR FLOW - MATLAB/SIMULINK
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Figure 34. House subsystem



SIMULATION RESULTS
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Figure 35. Simulation Results
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OTHER DATA: FOR FUTURE INTEGRATION AND
RESEARCH DuctSizing and Optimization

Duct Diameter Formula:

e D = x Velocity(4 x CFM)
®* D = duct diameter, CFM = airflow requirement, Velocity = desired speed.
Design Choices:
*  Round ducts for reduced friction losses.
®* Sound-dampening elements for occupant comfort.
Fresh Air System:

® ASHRAE 62.1 standards for air quality.

®  Stale air exhaust in moisture-prone areas improves air quality by up to 30%.
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OTHER DATA: FOR FUTURE INTEGRATION AND
RESEARCH HVAC System Design

* COFM = 22—

®*  CFM: Airflow in cubic feet per minute.

®* BTU: Heating/cooling load.

e AT Temperature difference between supply and return air.
* Standards & Targets:

®*  Main ducts: 600-900 ft/min airflow velocity.

*  Branch ducts: 400-700 ft/min airflow velocity.
®* Conversion Example:

* Airflow = 477 L/s = 1,011 CFM (1 L/s = 2.11888 CFM).

®* Verification: Compliance ensured via HVAC modeling software.
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OTHER DATA: FOR FUTURE
INTEGRATION AND RESEARCH

HVAC System Parameters

System Information:
« Air System: VRF (Variable Refrigerant Flow).
« FloorArea: 35.1 m? (1 zone).
Cooling and Heating Data:
« Cooling Load: 5.4 kW (peak in July).
* Heating Load: 1.6 kW.
« Airflow: 477 L/s.
Key Sizing Metrics:

« Coil Temperatures: Entering at 24.8°C, Leaving at 15.5°C.

« Water Flow: Designed for 5.6 L/s.
*Design Considerations:

« Space airflow rates tailored to individual zones.

« Peak sensible loads calculated for optimal efficiency.

Efficiently sized to meet cooling, heating, and airflow demands for the

specified zone.

Project Name: 8240-FIRESTONE BLVD
Prepared by:

Zone Sizing Summary for 1F-01

10/13/2024
10:48PM

Air System Information
Air System Name
Equipment Class
Air System Type

Sizing Calculation Information
Calculation Months

1F-01
TERM
VRF

Jan to Dec

Number of zones
Floor Area
Location

Zone Lis Sizing

1
351 m?
Long Beach, California

Sum of space airflow rates

Sizing Data ... Calculated Space Lis Sizing . Individual peak space loads
Terminal Unit Sizing Data - Cooling
Total Sens Coil Coil Water Time
Coil Coil Entering Leaving Flow of
Load Load DB /WB DB/WB @56K Peak Coil Zone
Zone Name (kW) (kW) (°C) (°C) (LJs) Load Li(s-m?)
Zone 1 5.4 54| 248/181 15.5/14.8 - Jul 1500 13.59
Terminal Unit Sizing Data - Heating, Fan, Ventilation
Heating Htg Coil
Heating Coil Water Fan OA Vent
Coil Ent/Lvg Flow Design Fan Fan Design
Load DB @111K Airflow Motor Motor Airflow
Zone Name (kW) (°C) (Lis) (Lis) (BHP) (kW) (Lis)
Zone 1 1.6/ 20.5/233 - 477 0.000 0.000 11
VRF Outdoor Unit Sizing Data
Cooling Heating
[kW] [kwW]
Peak Coincident Indoor Unit Loads 5.4 1.8
Estimated Piping / Line Losses 0.0 0.0
Total Required ODU Capacity 5.4 1.6

Note: VRF piping / line losses are based on typical loss factors for this class of equipment. Actual line loss varies widely from one product to another.
Th , when selectit i it ig critical to consult manufacturer’s guidance to utilize actual line loss data.

Zone Peak Sensible Loads

Zone Zone Zone
Cooling Time of Heating Floor
Sensible Peak Sensible Load Area
Zone Name (kW) Cooling Load (kW) (m?)
Zone 1 54 Aug 1500 1.5 35.1
Space Loads and Airflows
Time of
Cooling Peak Air Heating Floor
Zone Name / Sensible Sensible Flow Load Area Space
Space Name Mult. (kW) Load (L/s) (kW) (m?) L/(s-m?)
Zone 1
1F-01 1 54 Aug 1500 477 1.5 35.1 13.59

Hourly Analysis Program 5.10

Page 1 of 6

Figure 36. Zone Sizing Summary based in Downey
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OTHER DATA: FOR FUTURE INTEGRATION AND
RESEARCH

Electrical System Overview

®*  System Design:

* Includes power layout, lighting circuits, and distribution board (DB) scheduling.
* Lighting follows IES standards for efficiency and visual comfort.

* Lighting Power Density (LPD):

_ Total Lighting Power
LPD = Floor Area )

L]
®* Integration with HVAC: O
0

* Vent placement complements lighting design.

®*  Combined systems reduce energy consumption by 15%.

Figure 37. Electrical Placement System



LOCATIONS OF LIGHTING AND POWER
CIRCUITS

LOCATIONS OF LIGHTING AND POWER CIRCUITS

T3

Figure 38 & 39. Lighting and Power Circuit Locations




OTHER DATA: FOR FUTURE INTEGRATION AND
RESEARCH

Panel and Circuit Management

Panel Details:

®* EP panels distribute power with labeled circuits for safety.

®  Circuit identifiers (e.g., "FF-1") organize loads like lighting and outlets.
Load Distribution:

® Balanced across three phases (A, B, C) to ensure efficiency.

* Total load calculations ensure safety and prevent overload.
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OTHER DATA: FOR FUTURE INTEGRATION AND 47
RESEARCH Panel and Circuit Management Circuit Details:

Branch Panel: EP - FF

Notes:

1 |Lighting

3 |Déwigtlenie
Lighting

7 |Receptacle

Legend:

Load Classification
Other

Receptacle

Lighting

Dswigtlenie

Notes:

Location:
Supply From:
Mounting: Receszed
Enclosure: Type 1

Circuit Description

Volts: 1200208 Wye
Phases: 3
Wires: 4
Trip | Poles A B C Poles
A 1 SIVA | OVA 1
A 1 TOWA [ 140 VA 1
A 1 123VA| 540 VA 1
A 1 | 360 VA 540 VA 1
Total Load: 948 VA 205 VA 853 VA
Total Amps: gA 2A A
Connected Load Demand Factor Estimated Demand
140 VA 100.00% 140 VA
1440 VA 100.00% 1440 VA
176 VA 100.00% 176 VA
TOVA 100.00% TOWA

Figure 40. Circuit Details for first floor

Trip
WA
WA
WA
WA

« Circuit Number (CKT):
|dentifies individual circuits.
+ Description: Specifies loads

ALC.Raing (e.g., lighting, receptacles).
o Rt 1004 » Trip Rating: 20A per circuit,
MCB Rating: 1 A single—pole.

* Phase Loads (A, B, C): Power
distributed across phases:
* Phase A: 948 VA (8A)

Circuit Description CKT ° Phase B: 205 VA (ZA)
Lo : * Phase C: 653 VA (6A).
Receptack E Load Classification:
Recplade 0 « Other: 140 VA,
k& * Receptacles: 1,440 VA.

« Lighting: 176 VA.
*Panel Summary:
 Total Load: 1,799 VA,

Panel Totals

Total Conn. Load: | 1733 VA Demand: SA
Total Est. Demand: 1798 VA . Operates on 120/208V three-
HEst Do £ A phase with TO0A mains and
1A MCB.
VA-Volt Amperes

This ensures safe, balanced, and efficient power distribution.



OTHER DATA: FOR FUTURE INTEGRATION AND
RESEARCH

Heat Transfer and Ventilation

® Heat Transfer Formula:

* @ =U x A x AT, where () = heat transfer rate.

e Ventilation Load Formula:

. Qventﬂaticm = CFM x 1.08 x AT.

*  Environmental Impact:

* Digital twin modeling simulates energy costs and efficiency.

®*  Predictive Al adjusts HVAC settings to reduce energy costs by 30%.

48



BENEFITS OF ADDING ADDITIONAL FACTORS
TO SIMULINK MODEL

 Improved Accuracy: Reflects real-world conditions by including airflow, heat
transfer, and load balancing.

« Enhanced Efficiency: Optimizes energy use and reduces operational costs.

 BetterIntegration: Simulates HVAC and electrical system interactions for
streamlined design.

« Dynamic Adaptation: Enables predictive controls for energy savings in changing
conditions.

 Result: A more efficient, sustainable, and occupant-friendly system design.
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REVIT RESULTS- FINAL FLOOR PLAN




Figure 43 and 44. Complete Floor Plan
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REVIT/ ENSCAPE RESULTS - RENDERS

Figure 45 and 46. Complete Floor Plan
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REVIT/ ENSCAPE RESULTS - RENDERS

Figure 47 and 48. Complete Floor Plan



REVIT/ ENSCAPE RESULTS - RENDERS

Figure 49 and 50. Complete Floor Plan
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CONCLUSION

« Developed tool that allows the end user to rapidly change input
parameters and evaluate thermal performance of the house and its
energy cost based on heating/cooling.

Table 1. List of input parameters for Simulink model/tool.

List of input parameters for all material
(walls, windows, room)

Dimensions (length, width, height, thickness)
Density
Thermal Conductivity
Specific Heat

Initial Temperature

Exterior Temperature

Cost (electricity, natural gas, hydrogen mass)
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