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Abstract

In addition to other good features, nowadays buildings have
to be ready to cope with different sudden events. The
objective of this article is to compare the energy resilience
performance, in terms of heating during blackouts, of two
single family building designs, an old 1970s and a new
2020s, that are integrated with a photovoltaic (PV) panel
and battery in the Nordic cold climate of Finland. This was
conducted by using the TRNSYS building performance
simulation tool. The results showed that without PV and
battery, the old building failed to maintain the habitability
threshold while the new building remained habitable
without PV. With 100 m? PV and 89 kWh battery, the
resilience performance increased as both the habitability
duration and recovery speed increased while the collapse
speed and impact of failure decreased. With smaller PV (50
m?) and battery (44 kWh), the new building provided
maximum performance compared to the old building. The
degree of disruption varied from 0.372 (old building) to 0
(new building, depending on the case). As a conclusion, to
address the future challenges, it is important to consider
energy resilience in the design of new buildings and
renovations.

Introduction

Today a major challenge faced by the society is the climate
change. A main contributor to the climate change is the
emissions caused by buildings (Moore, Horne, and
Morrissey 2014). To slow the impact of the climate change
and adapt, buildings have to be energy efficient, sustainable
and resilient. This is needed because the climate change and
its impact can cause significant disruption, decline in
services and damage to the energy infrastructure such as
girds and buildings. Moreover, this disruption can
ultimately cause harm to the humans, economy and physical
infrastructure. For instance, it is observed that in central
Europe there was an increase in heat waves causing forest
fires, flooding and windstorms, which can impact the energy
infrastructure and demand (Robine et al. 2008).Similar

experience occurred during summer 2023 (Copernicus
2023) as well as in North America (CBC News 2023).
Analitis et al. conducted a comprehensive study to
investigate the short-term effects of cold weather on
mortality in 15 European cities (Analitis et al. 2008). The
findings revealed that a 1°C drop in temperature was linked
to a 1.35% increase in the daily number of total natural
deaths. The yearly cost related to blackout and grid loss due
to storms in the United States of America was around 20 to
55 billion USD (Campbell 2012), (Kenward and Raja 2014).
Ice storms also affected the United States of America, with
over 4 million people left without electricity and heating
(Afiel et al. 2017). Additionally, the cold wave destroyed
120 000 km of power lines and communications, resulting
in an accrued loss of USD $1 billion in the United States.
Kenward and Raja's report (Kenward and Raja 2014)
highlights that in the United States, extreme weather events
led to around 679 widespread power outages annually,
impacting at least 50,000 customers each year from 2003 to
2012. With an estimated USD 155 billion loss nationwide,
over 4.5 million households faced prolonged blackouts,
emphasizing the vulnerability of infrastructure and societal
systems to extreme weather events. Chang et al. (Chang et
al. 2007) conducted an analysis of the 1998 ice storm in
Canada using empirical data, emphasizing failures in power
transmission systems that transformed a weather disaster
into a technological one. This cold wave left millions
without power for varying durations, leading to 30 deaths
and incurring substantial economic costs for the Canadian
government estimated at 1.7 billion Canadian dollars. In
Canada, around 600 people died due to extreme
temperatures and 3 billion Canadian dollars loss due to grid
loss around were lost due to power loss and grid outages
(Canadian Climate Institute 2023).

With the surge in the extreme climatic conditions (extreme
temperature, rain etc.), economic and political situation,
there is a high probability of power outage, causing high
impact (Nik, Perera, and Chen 2021). Therefore with time,
resilient building is becoming an important concept
(Alfraidi and Boussabaine 2015). It is important to make
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future buildings ready to address the challenges and risks of
sudden power disruptions and blackouts. Such buildings
have to be smart to optimize the integration of energy
generation, storage and end-use demand to improve the
energy flexibility and resilience. In Finland, it is analysed
that 43% of the building stock are old buildings and were
built before 1980s (Holopainen et al. 2016). Moreover, the
number of residential buildings and single-family houses
are the largest in the Finnish building stock. When
renovating old residential buildingsit is important and aim
to make old buildings energy resilient. Moreover, new
buildings should be designed to be energy resilient from
the beginning. Any energy crisis will directly impact the
gird and indirectly impact the performance and indoor
conditions of buildings. The minimum performance can be
provided by developing energy resilient buildings using
passive and active method. ‘Energy resilient buildings’ can
be defined as buildings that have the ability to maintain the
minimum level of habitability during a power outage that
prevents the normal operation of the building (Homaei and
Hamdy 2021). The term ‘habitability’ means the capability
of the building to maintain indoor temperature suitable
enough to habitat the building during a grid power loss.
Maintaining habitability can be done by reducing heat loss,
renovating buildings and integration of energy generation
and storage. Few researches were done at the urban scale at
the international level (Nik, Perera, and Chen 2021),
(Kopényi, Poczobutt, and Pallagi 2020), (Breesch and
Janssens 2010), (Schoeman 2019). Moreover, researcher
have been done in warm and mild climatic conditions in
overheating conditions. (Homaei and Hamdy 2021), (Attia
et al. 2021). However, no such extensive research has been
carried out in cold climatic conditions in Finland. Therefore,
investigations are needed to analyse and improve the energy
resilience performance of old and new buildings, especially
residential buildings, in the cold climatic conditions of
Finland during a power outage. The thermal mass of a
building can be used to improve its energy flexibility (Johra,
Heiselberg, and Dréau 2019) as well as its energy resilience
(Rehman and Hasan 2023). Methods to improve the energy
resilience of buildings have to be analysed with and without
the integration of active sources of energy such as onsite
photovoltaic (PV). Also energy storage such as batteries that
can be used for energy flexibility as well. PV and batteries
can be used to generate heat and provide space heating and
charge the thermal mass of the building. The integrated
active components and their control strategies can assist in
improving the energy resilience characteristics of the
building and reduce the energy cost. The article published
earlier (Rehman and Hasan 2023) discussed and focused on
the use of the thermal mass of the building to improve its
energy flexibility along with its energy resilience in Finland.
This article is an extension of our earlier article. The novelty
of this article lies in the quantitative analysis of the energy
resilience performance of the studied old and new Finnish
single-family houses. The aim is to investigate energy

resilience performance under predicted blackout by using
both the building's thermal mass (passive method) and by
onsite energy generation (PV) and storage (active method).
The buildings performance is evaluated using simulation
method during assumed blackouts in the heating seasons as
the focus is on the heating energy of the building. The
evaluated resilience key performance indicators (KPIs) are
the robustness threshold, the habitability threshold, the
impact of the failure, and the collapse and recovery speed.
Various PV sizes and battery capacities are analysed to find
the impact on the energy resilience performance of the
buildings. No regulations or policy exist in Finland on the
energy resilience of buildings. Hence initial approach is
made to provide a basis for guidelines.

Methodology
Design of the study

The article investigates the energy resilience performance
of two assumed buildings, old and new, located in Helsinki,
Finland as an extension of the earlier study (Rehman and
Hasan 2023). In this study, onsite PV and battery are
integrated with the building as sources of energy supply
during power outages. The energy resilience performance of
the buildings in terms of space heating and indoor set point
temperature is carried out under 30 hours power outage. The
power outage is assumed to take place during extreme cold
conditions when heating energy is most needed. Various PV
and battery capacities are investigated and analysed to find
the impact on the energy resilience performance of the
buildings. The thermal mass of the building and the onsite
PV panels and batteries are used as passive and active
sources, respectively, to improve the energy resilience of the
buildings. Various indicators are calculated to estimate the
resilience performance according to the energy resilience
framework presented in (Rehman and Hasan 2023), (ur
Rehman and Hasan 2023) and in the section ‘Energy
resilience calculation’.

The energy system components of the old and new buildings
are shown in Figure 1. The buildings are simulated in
TRNSYS (University of Wisconsin 2017). The grid and PV
provide electricity for heating the building. In addition to
the PV, a battery is integrated in the energy system and used
to provide energy to the building during the blackout. The
investigated PV sizes are (0, 50, 98 m?) and battery
capacities (0, 44 and 89 kWh). It is assumed that building is
heated using direct electricity to generate heat and
distributed inside the building via hydronic radiator. The
heater is sized to maintain the indoor set point temperature
as 21.5+0.5°C inside the building's zone during winter.
Cooling energy is not considered. No heat storage is
assumed as a component for the improvement of the energy
resilience in this study.
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Figure 1: The components of the energy system of the
building.

Building design

The assumed building for this study is a single-family house
located in the Helsinki region in Finland. The old building
is assumed to be constructed in 1980s (Hirvonen et al.
2019) and the new building is constructed in 2020s (Ala-
Juusela et al. 2020). It is assumed that the heated floor area
of the building is 100 m2. The two buildings are based on
the typical design of a residential building in Finland and is
based on the Finnish building regulations (Hirvonen et al.
2019), (Ministry of the Environment 2017). The design
parameters of the old and new buildings are shown in Table
1. The heating demand is considered in the study as heating
energy is the dominant demand in cold region. The heating
demand of the old building is 158 kWh/m?. The heating
demand of the new building is 64 kWh/m?. Each building is
simulated separately to analyse its individual performance
and for comparison.

Table 1: The envelop and design parameters for the old
and new buildings.

Building | Ventilation Air U-value (W/m? K)
type rate (1/h) tightness
(m%h Ext. | Roof | Windows | Floor
m?) Walls
old 0.55 6 0.5 0.27 25 0.38
building
New 0.55 2 0.17 0.09 1 0.16
building

Table 2 shows the design variables for the parametric study
with varying PV and battery sizes. The selection of the size
of the PV and batteries is made in a way that the PV covers
the maximum roof area of the building and batteries that is
suitable for a building (EV Database 2020).

Table 2: The parametric study design variables.

Design variables Option 1 Option 2
Building type Old building (OB) New building
(NB)
Photovoltaic area 0, 50, 100 0, 50, 100
(PV), m?
Battery capacity, 0, 44, 89 0, 44, 89
kWh

Figure 2 represent the hourly weather profile of Helsinki
region that is used for simulations (Rehman and Hasan
2023).
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Figure 2: Hourly weather profile of Helsinki, Finland.
TRNSYS software

The components of the TRNSYS are: Building (Type 56),
battery (Type 47), PV module (TYPE 194), controller
(TYPE 2b), temperature control (TYPE 11f), and weather
data (TYPE 15) is used to model the building and its system
in TRNSYS (Rehman 2018). The weather data of year 2010
is used to represent typical reference year (Finnish
Meteorological Institute (FMI) 2020).

Energy system controls and calculation

During the normal operation, the PV is used to charge the
battery and once the battery is full, the excess electricity is
exported. However, during the power outage, the battery is
used to provide electricity to heat the building. The PV is
also used to heat the building when there is production
during the power outage.

Energy resilience calculation

Various performance indicators are proposed and used to
estimate the behaviour of the old and new building during
grid outage in a cold climate. These key performance
indicators (KPI) are required to analyse the pre-disruption,
disruption and post disruption stages during the power
outage. Due to the variation in the value of the design
variables as shown in Table 2, hence the resilience
performance of a building varies. The following indicators
are selected and their quantitative values are calculated to
estimate the energy resilience performance (Homaei and
Hamdy 2021), (ur Rehman and Hasan 2023).

e Robustness period (RP): The duration until the indoor
room temperature of a building can be maintained above
the robustness threshold (RT) after the start of a power
outage.

e Robustness threshold (RT): Minimum robustness
threshold temperature is 18 °C for the two cases, old and
new buildings.

e Habitability threshold (HT): The minimum habitability
threshold temperature is 15 °C. Below this point, the
building can be called as inhabitable.

e Impact of failure (IoF): the difference between the set
point temperature and the minimum indoor air
temperature that is reached during a power outage.
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Lower the loF is better the building is to adapt to a power
failure.

e Collapse speed (CS): The speed at which the indoor air
temperature drops from the initial stage (pre-disruption)
to the minimum indoor temperature reached.

e Recovery speed (RS): demonstrates how fast the indoor
temperature is able to accomplish the target indoor air
set point temperature (21.5 °C) after reinstatement of the
power.

The disruptive event can be classified based on the impact
it has on the indoor temperature of the building. To quantify
it the concept of the degree of disruption (DoD) is
introduced in this article. A close concept is discussed in
(Sengupta et al. 2023). Equation 1 defines the degree of
disruption (DoD):

Parameter gisruption— Parameterreference , TiMegdisruption

DoD =

1
Timereference ( )

Equation 1 calculates the severity and impact of the power
outage on the building’s performance. DoD can be
calculated as Parametergisruption, COMpared to the reference
parameter value in the normal situation defined as
Parameter eference. The parameter that is estimated depends
on the indicators that are relevant for the building's energy
resilience, such as indoor temperature. The time duration is
the ratio of the duration of the disruptive event Timegisruption
and the total duration of the observation Timereference.

Results and discussion

The simulations are carried out for the whole year (for
stability) and to study the impact of the power outage the
hours selected for analysis is from 1834 h to 1906 h (mid-
March) for the old and new buildings cases when the
minimum ambient temperature is around -5 to -10 °C and
the solar radiation is available. The power outage is assumed
to start at 1858 h and last to 1886 h, so the duration is around
30 hwhen no electricity is available for heating. These hours
are chosen for power outage, as an example when the
heating energy is required, ambient temperature is below 0
°C, solar energy is available, and battery is charged before
the outage. This is done to analyse the impact of PV and
battery charging on the energy resilience performance of the
buildings. The energy resilience performance of the
buildings is studied with a battery but with two assumptions,
with and without PV.

Energy resilience in old building

In Figure 3, it is found that without PV and battery capacity
(reference scenario), practically using the thermal mass of
the building only for resilience, the indoor set point
temperature drops from 21.5 °C to 18 °C (robustness
threshold) in 1 h and below 15 °C (habitability threshold) in
9 h, where after this the building is not thermally habitable.
It took 10 h to reach from 21.5 °C to 15 °C. The loF is 8.005
°C in the old building without PV. The collapse speed (CS)
is around 0.381 °C/h whereas the recovery speed (RS) is 0.5

Parameterrefereme

°C/h. The overall degree of disruption (DoD) calculated
based on the building’s energy performance resilience is
around 0.372. In this case, the battery is not charged as PV
is not available, this is done to study the impact of climate
on renewable generation and charging/discharging storage.
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Figure 3: Energy resilience performance of the old
building (PV=0) during power outage, reference scenario.

Figure 4 shows the old building performance when
integrated with PV size of 50 m? and with different battery
capacities. It shows that with the PV only i.e., without a
battery (blue line), the indoor set point temperature drops
below 18 °C (robustness threshold) in 6 h. As the power
outage continues, the temperature drops below 15 °C
(habitability threshold) in 6 h where after this the building
is not thermally habitable. As no solar energy is available,
the indoor temperature drops faster to 15 °C from 18 °C due
to cold ambient temperature and no PV generation
available. In total it took 24 h to reach from 21.5 °C to 15
°C. The loF is 7.479 °C. The collapse speed (CS) is around
0.356 °C/h, whereas the recovery speed (RS) is 0.288 °C /h.
The DoD is around 0.236. Figure 4 (grey line), shows that
with PV and battery capacity (89 kWh) the temperature
drops to 18 °C (robustness threshold) and it is able to
maintain the indoor set point for 29 h. As the power outage
continue the building remains habitable. Hence with PV and
battery, the same building can remain habitable compared
to the building without PV and battery (Figure 3). The IoF
is 5.301 °C with PV. The collapse speed (CS) is around
0.252 °C/h whereas the recovery speed (RS) is 0.265 °C /h.
The DoD is around 0.167, which is lower than that for the
case with no PV. Compared to the Figure 3, it is observed
in Figure 4 that the impact of power outage is lower with the
PV and the impact is further reduced by the addition of the
battery.
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Figure 4: Energy resilience performance of the old
building (PV=50 m?) during power outage.
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Figure 5 shows the old building's performance when
integrated with PV size of 100 m? and different battery
capacities. It is found that with PV only (blue line), the
indoor set point temperature drops below 18 °C (robustness
threshold) in 7 h. As the power outage continues the
temperature drops below 15 °C (habitability threshold) in 8
h where after this the building is not thermally habitable.
The loF is 7.40 °C. The collapse speed (CS) is around 0.353
°C/h, whereas the recovery speed (RS) is 0.285 °C/h. The
DoD is around 0.233. Figure 5 (grey line), shows that with
PV (100 m?) and battery capacity (89 kWh), the temperature
drops to 18 °C (robustness threshold) in 30 h. As the power
outage continues, the building remains habitable. The loF is
4.8 °C. The collapse speed (CS) is around 0.231 °C/h,
whereas the recovery speed (RS) is 0.243 °C /h. The DoD is
around 0.15. Compared to Figure 4, it is observed that the
impact of power outage is lower with the larger PV in Figure
5 and the impact is further reduced by the addition of the
battery. Comparing DoD with Figure 4, the value is reduced
when the larger PV and battery are integrated with the
building (Figure 5).
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Figure 5: Energy resilience performance of the old
building (PV=100 m?) during power outage.

When comparing the energy resilience performance of the
old building with different PV sizes and battery capacities,
it is observed that the case without PV the building failed to
maintain the robustness and habitability threshold for longer
duration. The loF is higher without the PV and battery. This
is due to no additional source of energy supply during the
power outage resulting in the drop in the performance. With
the addition of the PV and battery, the loF was improved
and showed a reduction in the impact. The collapse speed is
low with the PV and battery and the recovery speed is also
fast. Moreover, the DoD indicator also shows the impact of
disruption is low with the PV and battery for the old
building. Hence such systems and control strategy can be
integrated with the old building to improve the energy
resilience performance.

Energy resilience in new building

The energy resilience performance of the new building is
simulated with and without PV. In Figure 6, without PV and
battery (reference scenario) it can be found that the indoor
air temperature drops from 21.5 °C to 18 °C (robustness
threshold) in 8 h. Therefore, the robustness period is longer
for the new building compared to the old building (Figure

3). As the power outage continues, the indoor set point
temperature remains almost above the habitability
threshold, i.e., about 15 °C, during the power outage. The
minimum temperature reached during the outage is 15.4 °C.
This shows that building can remain habitable. The IoF is
6.09 °C without PV in the new building. The collapse speed
(CS) is around 0.290 °C/h, whereas the recovery speed (RS)
is 0.508 °C /h. The DoD is around 0.192. Compared to the
old building (Figure 3), it is observed that the new building
performed better in terms of robustness and is also able to
maintain the habitability threshold without PV. The DoD is
also less for the new building, meaning less degree of
disruption.
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Figure 6: Energy resilience performance of the new
building (PV=0) during power outage, reference scenario.

Figure 7 shows the new building when it is integrated with
PV size of 50 m? and with different battery capacities. With
the PV only i.e., without a battery (blue line), the indoor air
temperature drops below 18 °C (robustness threshold) in 8
h. As the power outage continues, the building remains
habitable hence with PV only. The loF is 5.5 °C with PV.
The collapse speed (CS) is around 0.262 °C/h whereas the
recovery speed (RS) is 0.551 °C/h. The DoD is around
0.174. Figure 7 (grey dotted line) shows that with PV (50
m?) and battery capacity (89 kWh), the temperature does not
drop and remain above 18 °C (robustness threshold) and it
is able to maintain the indoor set point for 30 h and remain
habitable. The loF is 0 °C with PV and battery. Hence with
battery no negative impact is felt during the power outage.
The collapse speed (CS) is around 0 °C/h and the recovery
speed (RS) is also 0 °C/h. This is because no recovery is
needed. The DoD is around 0. Compared to the Figure 3, it
is observed that the impact of power outage is lower for the
new building. In the new building using the same PV
capacity (50 m?) the impact is further reduced by the
addition of battery as shown in Figure 7. Comparing DoD,
the value reduced as the battery is integrated with the new
building.
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Figure 7: Energy resilience performance of the new
building (PV=50 m?) during power outage.

Figure 8 shows the new building performance when
integrated with PV size of 100 m? and with different battery
capacities. It is found that with PV of 100 m? only (blue
line), the indoor air temperature drops below 18 °C
(robustness threshold) in 9 h. Moreover, similar to the PV
capacity of 50 m? (Figure 7), the building remains habitable
without the battery. The loF is 5.4 °C with the PV. The
collapse speed (CS) is around 0.260 °C/h whereas the
recovery speed (RS) is 0.552 °C/h. The DoD is around
0.170. Figure 8 (grey dotted line) shows that with PV (100
m?) and battery capacity (89 kWh) the temperature remains
above 18 °C (robustness threshold) for 30 h and remains
habitable. The loF is 0 °C with the PV and battery. The
collapse speed (CS) is around 0°C/h and the recovery speed
(RS) is also 0 °C/h. The DoD is around 0. Compared to
Figure 7, it is observed that the impact of power outage is
lower with larger PV and battery in Figure 8. However, for
the new building with the PV size of 50 m? and 44 kWh
battery capacity, the impact of failure was negligible. Hence
PV size of 100 m? and battery capacity of 89 kwWh is not
required for the new building. By doing such calculations
and rating the performance of the building in terms of
resilience, the optimal capacity of the design variables can
be identified that can provide good energy resilience
performance so the building can be graded based on such
calculations.
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Figure 8: Energy resilience performance of the new
building (PV=100 m?) during power outage.

When comparing the new and old building, it can be
observed that the new building in general performed better.
The PV is able to provide longer resilience duration
compared to the case without the PV. The new building can
be habitat even during the assumed power outage of 30

hours and can remain resilient for a longer period compared
to the old building. Moreover, the impact of the failure
caused by the power outage, i.e., the IoF, is highest in the
old building compared to the new building. Another
important aspect is that for the old building (Figure 5) the
PV size of 100 m? and battery capacity of 89 kWh provided
highest energy resilience performance. On the other hand,
for the new building (Figure 7) the PV size of 50 m? and
battery capacity of 44 kWh provided high energy resilience
performance. By calculating and evaluating the KPIs in
terms of energy resilience as described, the optimal design
variables can be identified. This calculation can support in
providing techno-economic optimal solutions for resilience.
As was shown, for the new building, smaller PV and battery
sizes provided optimal solution hence the cost of PV and
battery can be lower compared to the old building that can
provide similar performance. Therefore, for new building
design the best performance in terms of resilience can be
reached with small PV and battery capacity. In other words,
for new building, optimal resilience performance can be
reached with lower cost.

Conclusion

The energy resilience performance of the old and new
buildings were carried out in Finnish climatic conditions.
The building is assumed to be situated in Helsinki, south of
Finland. The two buildings used thermal mass, PV and
battery as the source to maintain and improve the resilience
performance during the power outage. Various key
performance indicators are used to estimate the performance
of the building. Different design variable capacities for PV
and battery are simulated to identify the performance when
integrated with the old and new buildings. The key findings
in terms of energy resilience are as follows (in Table 3):

Table 3: Summary of the parametric study.

Old building New building
Design PV (0 m?) PV (100 PV(Om? | PV (50 m?) &
variables & battery m?) & & battery battery (44
(0 kwh) battery (89 (0 kwh) kwh)
kwh)
Robustness 1h 30h 8h 30h
duration
Habitability 9h 30h 30h 30h
duration
Impact of 8.005 °C 4.8°C 6.09 °C 0°C
failure
Collapse 0.381 0.231°C/h 0.29 °C/h 0°C/h
speed °C/h
Recovery 0.5°C/h 0.243°C/h | 0.508 °C/h 0°C/h
speed
Degree of 0.372 0.15 0.192 0
disruption

It is observed in Table 3 that with PV and battery the energy
resilience performance improved. Moreover, when
comparing the DoD of all the cases. The old building
(without PV) has worst DoD that improved by integrating
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PV and battery. On the other hand, the DoD of the new
building is better compared to the old building, and it
improved further with the integration of PV and battery.
Compared to the old building, the new building is able to
maintain the robustness and habitability threshold with
small size of PV (50 m?2) and battery capacity (44 kWh) as
shown in Table 3.

With the future climate and energy related challenges, the
energy resilience of the buildings is an important aspect.
Overall, the new building performed better compared to the
old building. Moreover, the two buildings with PV and
battery performed better in terms of same building without
PV. The old building performed poorly in terms of energy
resilience, and it improved after integrating PV. On the other
hand, compared with the old building, the new building is
able to be resilient by providing better habitat conditions
during power outage without PV and the situation improved
further by using PV. In this article, the power outage is
assumed to occur instantaneously, and it is real time is
predicted during certain hours. The energy resilience
performance can be improved by predicting (using climate
data, frequency data, grid data etc.) the power outage event
beforehand, so the onsite energy system can be prepared to
address the outage event by providing increased resilience
and robustness period. Moreover, this study can be
replicated in different climate zone, cold regions and warm
climates. The study can be extended to the district level
solutions that include different types and uses of the
buildings. As certain building can share the generation,
storage and load acting as a safe house for neighbourhood.
Energy resilience studies of buildings can support in
developing new energy guidelines and regulations. Based
on those, new building designs can be developed as well as
new renovation actions for old buildings by taking into
account the energy resilience aspect for various duration.
Certain loads can be prioritized inside the building for
survivability purposes, and this can be according to type of
building, use and guidelines. This will assist the city, society
and district to be better prepared to address the climate
change and energy crises challenges.
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