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Abstract

With focus on urbanization, population, and sustainable housing, tiny house §
movement have gained momentum 1n recent years. In high-density populated §
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living space per capita and chronic housing shortage have led to rise 1n tiny resi-
dential units with size less than 18m°. As we perceive a future in tiny affordable §
homes, it is necessary to implement strategies that make it more sustainable. &
This study utilizes a hybrid model that integrates the physical simulation meth-
od with data driven approaches to comprehend key relationships within build- ¥
¥ Ings physical configuration, material specifications and operational conditions
, to recommend energy saving strategies at a minimal time compared to conven-  «
tional energy estimation approaches. The study results indicate that establishing -
a minimum area per occupant along with indoor set-point temperature control & 0 10 n " 50 60
can be decisive factors in reducing the annual cooling energy consumption of ti-

ny residential units.

'

-]

o

Based on the average area per occupant in
a sub-divided unit (SDU), annual cooling
energy consumption i1s noted to increase
with floor area.
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Introductin | |

Building sector accounts for over 38% of energy-related carbon dioxide emis- | J
sions in the world. ¥
Residential buildings alone constitute 70% of the total building energy demand. | !

Space conditioning 1s one of the major sources consuming energy in residential

It 1s observed that the number of occu-
pants within a household especially SDUs
can be quite energy intensive 1n compari-
son to public housing sharing same floor

Annual cooling energy consumption E, (Gl)

building segment of Hong Kong. - area.
In regions with lack of buildable land, shortage of public housing and high i 0 p 0

Floor Area (m?3)
housing prices, tiny residential spaces could be an alternative housing facility to asou meRH

improve housing affordability and alleviate the housing needs of its population.
Tailoring the building characteristics and operational conditions with hybrid
simulation model would be a time efficient and cost effective strategy compared
to employing conventional methods to achieve building energy efficiency.

This study embarks on strategizing sustainability measures for tiny living spaces
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The variation 1in annual cooling energy
consumption with change in area per oc-
cupant 1s estimated and 1t 1s found that ar-
ea per occupant 1s a potential parameter
influencing energy consumption.
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£ Area per occupant = 6.2m"2 B Area per occupant = 8mA2 0 Area per occupant = 12mA2
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, _;Figure 1. Example model (a) Residential apartment (b) Residential apartment i

sub-divided into four tiny residential units (SDUs) (¢) Median per capita floor area of s
accommodation by type of housing 5
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The mmpact of indoor set-point tempera-
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+ : - | ture along with area per occupant 1s ana-
. — AT T T RN T B T ® e | | lysed and 1t 1s found that both can be cru-
' ' - . 8, ‘ cial parameters that would impact energy
MethOdOlogy g ’ consumption.
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#+  Creation of 3D mode »  Open e OpenStudio base Energy simulation input-
<+ Assign space type and its attributes. model and associated files. output data record 1 excel COHCluSlons
<+ Assign thermal zone. ++  Create OpenStudio, EnergyPlus files.
* Save and load the model 1n and reporting measures. ++  Pre-processing of input- .. .. . . .
Opensede ¢ Croatn design ahiemmatives fiom output simulation data using . Due to lack of minimum standards of living space per person in cities such as Hong
o et weather file and design davys. measures to base model. pyvthon programming. « . . . . -
@ Settheschedvles. el % Ron the EP simulation for the j-k Datasct cxport to MATLAB 2 Kong, a lot of people are often cramped 1nto spaces resulting in more discomfort and en- |
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construction set. development. _/ : ergy COIlSU.mpthIl
<+ Assign construction set, loads, and I ’ )
g ce attributes. . ' O 2 2 2
- A“;ffgn ff‘mfp;mm et-point and I Increasing the average area per occupant in an apartment of size 18m” from 6.2m” to 8m
humadity control. . . . .
K R Enoras Pl simulation | resulted 1n a cooling energy reduction of 11.5% whereas a reduction of 24.6% was 8
<+ Save the OpenStudio base model . 5. o - 2 2 '
- l y achieved when it is raised from 6.2m~to 12m".
] ] ] ] ] I L] | L] ] ] | | ] | L] ‘ L4 ° [ o .
'[ I o N . Along with area per occupant, the indoor set-point temperature 1s also noted to play a vi-
_ _ ooling energy . . .
ANN Simulation / consumption "\ tal role 1n reducing the energy consumption.
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2. Ventilation heat gain
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