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Abstract: The number of elderly living in small-scale senior citizen welfare institutions in Taiwan has
been increasing. Hence, enhancing the quality of care and safety of the residents in these institutions
is a pressing issue. Our research team visited and reviewed data on 53 small-scale institutions in
Tainan based on in-depth fire protection defense strategies and proposed a three-layer protection
mechanism. The results showed that: (1) half (50%) of these institutions only meet the old anti-seismic
system; (2) 26 (49%) institutions have multi-story buildings, thus, more staff needs to be arranged
for night shifts to enable emergency responses on each floor; (3) all institutions have fire detectors;
(4) 84% of the elderly living in these institutions are mobility-impaired and need to rely on the
assistance of staff for evacuation; (5) most institutions (91%) employ foreign female caregivers which
mostly work on night shifts; thus, routine training of emergency response should also consider
the abilities of the foreign caregivers; (6) 35 (66%) institutions arrange only 50% of the day-shift
manpower for the night shift; (7) 37 (70%) institutions should evaluate whether the function of
their fire detectors is affected by fan air; and (8) 11 (21%) institutions use inflammable materials for
furnishings to create a “cozy” atmosphere. This study also suggests that preventing smoke from
spreading from a room that is on fire to other areas is an important evaluation item. Hopefully, these
findings can serve as a reference for countries that are facing an increasingly aging population.

Keywords: fire protection defense-in-depth; small-scale senior citizen welfare institution; fire safety;
egress; caregiver

1. Research Motives
1.1. Population Aging in Taiwan

Taiwan has become an aging society [1,2] which is defined by the World Health
Organization (WHO) as one having 7% of the total population over 65 years old. When
the proportion reaches 14%, it is called an aged society; when the proportion increases to
20%, it is called a hyper-aged society [3]. In March 2019, the Statistics Department, under
the Ministry of the Interior of Taiwan, released data indicating that the elderly population,
of 65 years old or above, was 14%. Table 1 lists the elderly population in several different
countries [4].

In Asia, the proportion of the elderly in Taiwan is only second to that in Japan and is
close to that in South Korea. The proportion of the elderly population in Taiwan doubled
from 7% to 14% over a span of 21 and half years, while the span was 24 years for Japan [5].
This shows that the population in Taiwan is rapidly aging. How to cope with an aging
society is a pressing issue for many countries concerning the social welfare for the elderly,
elderly care, elderly travel, and even crimes committed on the elderly [6-10].
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Table 1. Proportion of population over 65 years old in several different countries.

Country 1980 2000 2020 2040 *
Taiwan 43* 8.6 16.0 30.2
Japan 9.1 17.4 28.9 35.3
Korea 3.5 7.2 15.7 33.9
United States 11.3 12.4 16.9 21.6
United Kingdom 15.0 15.8 18.8 24.0
France 13.8 159 20.8 26.8

Unit: %. * Predicted values.

1.2. Fire Safety in Senior Citizens’ Welfare Institutions

According to the statistics of Taiwan’s Ministry of Health and Welfare in 2020, there has
been only a slight increase in the number of senior citizen welfare institutions due to very
stringent establishment requirements and regulations [11]. As a result, many institutions
have existed for a long time. Figure 1 shows the number of institutions in the last six years.
Figure 2 lists the number of residents living in those institutions. As more elderly are
expected to move into existing senior citizen welfare institutions in the future, enhancing
the quality of care and safety of residents is a pressing issue [12-14].
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Figure 1. The number of elderly institutions in Taiwan in the last six years.
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Figure 2. The number of people living in elderly institutions all day in Taiwan in the last six years.

In 2015, Folk et al. interviewed the senior staff of long-term care (LTC) institutions in
Ottawa, Canada, and observed fire drills at three LTC institutions [15]. They thus developed
a baseline for the current fire safety practices and procedures used by these facilities.
Tseng et al. analyzed a solution for the “defense-in-place” policy and emergency response
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strategy according to the characteristics of immobile patients [16]. The required safe
egress time (RSET), including pre-movement time and travel time models, was compared
with the available safe egress time (ASET) derived from the guidelines issued by the
Architecture and Building Research Institute, Ministry of the Interior. The parameter
ASET is the duration from the start of the fire to when people cannot be safely evacuated
from the fire scene. The parameter RSET of the institution is the time required for the
residents and staff in the institution to evacuate to a safe area after the fire, including
the recognition time, pre-movement time, and movement time [17]. In small-scale senior
citizen welfare institutions, some residents are unconscious and some take sleeping tablets
at night, resulting in an infinitely long recognition time. For residents with inconvenient
mobility or slow movement, pre-movement times and movement times will be infinite
since their movement speeds are close to zero. Therefore, the values of RSET are much
larger than the values of ASET. This explains why fire accidents in these institutions often
result in serious casualties.

Many elderly have one or more chronic diseases, including hypertension, coronary
artery disease, diabetes mellitus, cerebrovascular accident, chronic kidney disease, and
congestive heart failure, which require regular medicine intake [18,19]. Fire safety in
senior citizen welfare institutions is a serious concern. As some elderly who live in these
institutions are mobility-impaired, heavy casualties are often reported in fire accidents at
these institutions, arousing public concern. In recent years, several fire accidents occurred
in hospitals and senior citizen welfare institutions in Taiwan. Table 2 lists the fire accidents
with heavy casualties primarily attributable to smoke released by the fire [20].

Table 2. Fire cases in Taiwan’s old welfare institutions in recent years.

Date Case Case Description
Fire location: Storage room
23 October 2012 Tainan City Reason: Man-made arson

Casualties: 13 dead and 59 minor
and serious injuries

Beimen Nursing Home

° Fire location: Ward on the 8th
floor

6 July 2016 LohaNseI‘jZ) Eagz]i Cé?e]n ter e  Cause: Electrical appliances
sevity caught fire and ignited diapers
e  Casualties: 6 dead and 28 injured
e  Fire location: Second floor
Taovuan Cit housing near the stairs
10 March 2017 Y Y Reason: Candles ignited
Love Long-term Care Center .
flammable materials
Casualties: 4 dead and 13 injured
Fire location: Housing 208 on the
Pingtung County 2nd floor
19 May 2017 Nanmen Nursing Home Reason: Arson by residents
Casualties: 4 dead and 55 injured
New Taipei City Fire location: Ward 7A23
13 August 2018 Nursing Home of Taipei Hospital Cause: The power cord of a

established by the Ministry of
Health and Welfare

mattress caught fire
Casualties: 15 dead and 9 injured
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1.3. Fire Prevention Needs in Senior Citizens” Welfare Institutions

Life-support and care services are interrupted when a fire accident occurs in a senior
citizen welfare institution. The elderly that cannot evacuate themselves face threats in
medical care and/or life safety. In Taiwan, building regulations and fire safety laws for
senior citizen welfare institutions are similar to those for hospitals and even identical to
those for public spaces [21,22]. Despite the government having proposed some special
regulations, fire safety in senior citizen welfare institutions is governed by independent
and stringent laws and regulations. For example, automatic sprinklers need to be installed
regardless of the floor or area of the institutions.

Article 99-1 of Taiwan Building Technical Regulations was revised in 2013. It requires
institutions to set up at least two fire compartments [23]. However, this requirement has
not been enforced for institutions that were established before 2013. Although small-scale
senior citizen welfare institutions comply with the old building and fire safety laws and
regulations, they are still subject to some potential disasters as they only need to meet the
basic requirements of the fire safety regulations. For the elderly with poor mobility, the
fire safety requirements of the welfare institutions should be even higher. For example,
regulations for fire and smoke compartments in buildings need to be more stringent.
Institutions should be encouraged to install automatic fire extinguishing equipment rather
than relying on manual firefighting. Fire alarm systems with automatic call-out functions
should also be encouraged or even mandated.

Since most of the residents in small-scale senior citizen welfare institutions are elderly
people with poor mobility, fire accidents often cause serious casualties. The most common
cause of death for immobile seniors at the scene of the fire is smoke [24]. Therefore, how
to protect the safety of these elderly people is an urgent issue that needs to be thoroughly
discussed. This study carried out an on-site evaluation on the fire safety of 53 institutions
in Tainan, Taiwan, to understand the risk level of each institution. Tainan is located south
of the Tropic of Cancer and has a subtropical climate. It covers an area of 2192 square
kilometers and has a population of more than 1.88 million [25].

This study checked the risks in some small-scale institutions based on the Fire Pro-
tection Defense-in-depth Strategies. Similar to reactors in nuclear power plants, elderly
with poor mobility are considered “subjects not to be harmed” to ensure that complied
regulations and measures can effectively protect them [26]. Hopefully, these research results
can provide a reference for future policy development.

2. Research Method
2.1. The Concept of Fire Protection Defense-in-Depth

Nuclear materials in the U.S. for non-military purposes are managed by the U.S.
Nuclear Regulatory Commission (NRC). The concept of Fire Protection Defense-in-depth
Strategies is to protect people from being harmed by leaking nuclear materials. The
mechanism provides multiple layers of protection.

The basis for the protection mechanism is “Any complex, close-coupled system, no
matter how well-engineered, cannot be said to be failure-proof”. Failure of a protection
layer may be attributable to the negligence of staff or a device/circuit fault. When one
layer fails, the next protection layer becomes essential [27]. Figure 3 shows the three-layer
protection mechanism.

Layer 1: Prevent fires from starting.

Layer 2: Rapidly detect, control, and promptly extinguish those fires that do occur.

Layer 3: Protect the nuclear reactor so that a fire that is not promptly extinguished by
fire suppression activities will not prevent the safe shutdown of the plant. For Layer 3, this
study focuses on preventing a fire from spreading.

This mechanism has effectively protected nuclear power plants from fires so far. Some
studies also demonstrate that this strategy is considered [28,29] in elderly care institutions.
Many elderly people in small-scale senior citizen welfare institutions are often unable to
egress on their own during a fire, as evidenced by some past fire incidents. The similarity
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between the two sites is that the aftermath of an accident is severe and irreparable. Since
strategies involve activities such as strategic planning and thinking, appropriate strategies
can integrate multiple fields, such as architecture, fire safety, and elderly care, without being
restricted by regulations in a single field [30]. Therefore, this study applied this theory in fire
protection in senior citizen welfare institutions and conducted risk reduction assessments.

#1st Laver: #2nd Layer: ]

To prevent fires from starting To detect rapidly, control, and
extinguish promptly those fires that do
occur

#3rd Layer:

Carring out target (reactor)
protection to avoid the spread
of fire, and carry out
protective actions in time
(safely shut down the plant).

Figure 3. Fire protection defense-in-depth in U.S. nuclear power plants.

2.2. Fire Protection Defense-in-Depth Strategies

Mobility-impaired persons are considered “subjects that must not be harmed”, and it
is critical to develop appropriate protection strategies for them. A sound protection system
should be incorporated with a passive building design, active firefighting system, and
effective management [31-34]. Some places with high fire risks, such as bars or restaurants,
often use curtains, which indeed facilitate the spreading of fire. Therefore, flame retardancy
is specified [35]. This is the first layer that targets fire prevention.

According to the Standard for Installation of Fire Safety Equipment Based on Use and
Occupancy, public places must be equipped with fire extinguishing equipment, such as fire
extinguishers, automatic sprinkler equipment, or fire alarm devices [36]. This is the second
layer to detect and control fires. According to the Taiwan Building Technical Regulations,
fire compartments, fireproof doors, and fire-rated windows must be installed [37]. This is
the third layer that aims at preventing a fire from spreading.

2.3. Site Visit and Counseling

In 2019 and 2020, the research team visited a total of 53 small-scale senior citizen
welfare institutions, accounting for 46% of all such institutions in Tainan. Other welfare
institutions are expected to be visited in the future depending on the funding.

All institutions visited were legally registered with the government. The research team
first reviewed the characteristics of each institution in order to determine whether it could
provide adequate fire safety protection. The main points of the site visit and counseling
were as follows.

Characteristic analysis of the institutions
External environmental assessment

Working conditions of the foreign staff
Assessment of fire response

Effectiveness of fire extinguishing equipment

3. Results and Discussion
3.1. Characteristics Analysis of the Institutions

Figure 4 shows the characteristics of the 53 institutions. Of them, 24 (45%) institu-
tions were established before 2000. After the Jiji Earthquake in 1999, which was a strong
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earthquake with a magnitude (ML) 7.3 that killed 2415 people and injured 11,305 people
in central Taiwan, the requirement on seismic resistance of buildings was strengthened
starting in 2000 [38]. According to the data, only half of the institutions met the old seismic
resistance requirements.

100%

90%

80%

(29)

70%

60%

50%

40%

30%

20%

10%

0%

Built before 2000 Multi-floor Area greater than 300 m? Permitted beds is more than 25

Figure 4. Service characteristics of interviewed institutions. ( ): Number of institutions.

Twenty-six (49%) institutions have multi-floor buildings. Table 3 lists the proportions
of senior residents and staff under Taiwan laws. The proportions are defined based on
regular service efficiency. However, if an emergency occurs, multi-floor buildings and
single-floor buildings would have different evacuation conditions, especially different
evacuation times if there are mobility-impaired persons. Based on the results of site visits,
this study suggested that institutions with multi-floor buildings should arrange more
night-shift staff than institutions with single-floor buildings in order to improve emergency
evacuation efficiency.

Table 3. Number of cared senior citizens per nursing personnel and caregiver.

Number of Cared Senior Citizen per

Minimum Floor = Number of Cared Senior Citizen R
Caregiver (Person/Person)

Area per Person per Nursing Personnel
(m?) (Person/Person) Daytime Nighttime
Long term care institution 7 15 5 15
Small size nursing institution 5 20 8 25

Forty-six (87%) institutions have an area larger than 300 m?. Under the fire codes
before October 2018, not all senior citizen welfare institutions are required to have fire
alarm systems installed. This requirement is only mandatory for institutions that have
an area larger than 300 m?. This indicates that some institutions have no systematic fire
alarm systems. All ultra-small institutions have independent fire detectors installed that
can detect fires; this is Layer 2 protection.

Forty-seven (89%) institutions have 25 or more senior residents. As listed in Table 3,
these institutions arrange at least three night-shift staff, including one nurse practitioner
and two caregivers. The division of work among the night-shift staff when an emergency
occurs should be a key point for institutions’ planning.

Figure 5 shows the total number of people of each mobility characteristic in the visited
institutions. Among the 1833 seniors, 288 have no mobility difficulties, 1242 use wheelchairs,
and 303 are bedridden. According to statistics, 84% of seniors in small-scale senior citizen
welfare institutions are mobility-impaired and can only evacuate with the assistance of
staff when an accident occurs. When an emergency occurs in institutions, adequate and
well-trained staff play a vital role. The performance of night-shift staff would affect the
ultimate scale of a disaster. Therefore, when developing the Fire Protection Defense-in-
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depth Strategies, institutions should pay attention to the performance of night-shift staff in
addition to fire protection equipment; this is Layer 3 protection.

Figure 5. Analysis of residents” mobility.

3.2. External Environmental Assessment

There are some aspects of the external environment that some institutions need to pay
attention to. First, the roads in front of some institutions are not wide enough, as shown
in Figure 6. Narrow roads are not conducive to the passage of emergency vehicles. These
institutions are advised to regularly discuss with fire services in their local jurisdiction on
acquiring adequate support in case of an emergency; this is Layer 3 protection.

(A) (B)

Figure 6. (A,B) show some institutions are located in narrow alleys.

The second aspect concerns the characteristics of neighbors. Neighbors of some
institutions engage in the recycling business or are small manufacturers with high fire risks
and hazards. These institutions could easily become involved if their neighbors are on fire;
this is Layer 1.

3.3. Working Conditions of Foreign Staff

Mobility-impaired elderly people in institutions require 24-h care, resulting in heavy
workloads. Under Taiwan laws, institutions are able to employ foreign caregivers. Figure 7
shows the proportions of foreign caregivers. Only a small proportion of institutions do not
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hire any foreign caregivers (5, 9%); most institutions have foreign caregivers (48, 91%), and
all foreign caregivers are females. Ten (19%) institutions have a proportion of foreign care-
givers below 1/4, while 12 (23%) institutions have over 1/2. Almost all foreign caregivers
work night shifts.

50% | (12)

25-50% (26)

<25% (10)

(Number of institutions)

0 5 10 15 20 25 30
Figure 7. Percentage of foreign employees in each institution.

Foreign caregivers may have language barriers to understanding the instructions from
their supervisors and the elderly residents. In addition to communication on the daily
routines, fire safety training and emergency response also require good communication.
Additionally, this study reviewed whether the institutions have foreign language versions
of fire extinguishing equipment labels and operating instructions, as shown in Figure 8.
Among the 48 (91%) institutions that employ foreign caregivers, 31 (58%) have foreign
language versions. It is recommended that these institutions add signs and labels in foreign
languages to facilitate emergency responses; this is Layer 2 protection.

100% —

Yes
90% ONo
80%

70%

(35)

60% (42) (40)

A

B N

Staff on duty at night/during the Foreign language is marked Flammable substances are Equipped with 20P type
day>50% on fire equipment hung or decorated indoors fire extinguisher

Figure 8. Analysis of fire emergency response ability. (): Number of institutions.

3.4. Assessment of Fire Response

The Euroclass system is recognized as the fire safety standard across Europe. It
classifies fire response and evaluates multiple aspects, such as ignitability, flame spread,
heat release, smoke production, and propensity for producing flaming droplets/particles.
The system was introduced by the European Union in 2000 to ensure consistent quality
levels across individual member states.

The number of staff available in institutions to assist with response and evacuation
is important since most seniors have limited mobility. There is currently no regulation on
the number of night-time emergency responders in Taiwan. If the number of night staff is
reduced by half, the workload of each employee will be doubled, which is detrimental to
the response to fire and the evacuation of residents.

Figure 8 shows the statistics on night-shift staff. The night-shift manpower in 35 (66%)
institutions is less than half of the day-shift manpower, indicating poorer night-shift staff



Sustainability 2022, 14, 3196

9o0f12

response capability. This is related to the effectiveness of Layer 2 protection. Eleven (21%)
institutions use inflammable materials to create a “cozy” environment and atmosphere;
this violates Layer 1 protection. Institutions are recommended to review whether their
decorations use inflammable materials.

Small-scale institutions have only a few types of fire extinguishing equipment; hence,
personnel response capability is of great importance. Among the 48 (91%) institutions that
have female foreign caregivers, 13 (25%) installed 20P powder-type extinguishers. Being
able to operate a fire extinguisher immediately and effectively is an important response
item. A 20P powder-type extinguisher has a gross weight of 9.8 kg, including 6.5 kg of the
extinguishing medium [39]. According to the survey results, almost all the night-shift staffs
are female, so they might have more difficulty operating a 20P dry powder fire extinguisher
than a 10P fire extinguisher. Institutions are recommended to replace 20P powder-type
extinguishers with two light-weight 10P powder-type extinguishers to facilitate quick and
appropriate operations; this is Layer 2 protection.

3.5. Effectiveness of Fire Extinguishing Equipment

In small-scale institutions, common fire extinguishing devices are fire alarms. Fire
detectors are installed in rooms where seniors live. In the nighttime, effective fire detectors
can detect fires early, allowing the staff to extinguish a fire as soon as possible; this is
Layer 2 protection. Unfortunately, many institutions have fire detectors installed above the
ceiling fans, as shown in Figure 9. In some rooms, the only fire detector is installed above
the ceiling fan which may impair the detection function of the detector, undermining the
Layer 2 protection [40].

Fire detector

s
)

(A) - (B)

Figure 9. Fire detectors installed above ceiling fans are shown in (A,B). There are doubts about the
performance of fire detectors and sprinklers disrupted by the airflow generated by ceiling fans.

The smoke released by a fire is the main contributor to casualties [41-44]. Early
detection of fires and containment of smoke in a room are important in Layer 3 protection.
According to Article 115 of the Standard for Installation of Fire Safety Equipment Based on
Use and Occupancy, fire detectors must be installed 1.5 m away from fans [45]. In 37 (70%)
institutions, the function of some fire detectors may be adversely affected by the air flow
from ceiling fans or wall fans. Therefore, the effectiveness of these fire detectors must
be re-evaluated.

Doors of seniors’ rooms are designed for purposes of good ventilation and convenient
indoor condition monitoring. Figure 10 shows that doors in 39 (74%) institutions cannot
prevent the spreading of smoke, though they meet the standards in Taiwan. It is believed
that preventing the spread of smoke should also be considered in the fire safety of senior
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citizen welfare institutions to ensure the effectiveness of Layer 3 protection. This can be
further discussed in subsequent studies.

Position of fire detector

(37 is within 1.5m from
ceiling fan or wall fan
(27)
(26)
(16)
14

Door of the dormitory is
smoke-resistant

___/ Partition walls of the dormitory

are connected with floors closely

Figure 10. Analysis of fire safety hazards in the interviewed institutions. (): Number of institutions.

As shown in Figure 10, in 27 (51%) institutions, partition walls in rooms are not fully
connected with the floor slabs and are only connected to the ceilings. In this case, the space
above the ceilings of all rooms is connected. If a fire occurs, the fire and smoke will spread
through the space above the ceilings; this violates Layer 3 protection.

4. Conclusions

Small-scale elderly care institutions have been established around Taiwan. In recent
years, fire accidents occurred in some senior citizen welfare institutions, unfortunately
causing heavy casualties. Enhancing the quality of care and safety of the elderly in such
institutions is a pressing issue.

Similar to nuclear power plants, these institutions have clear and core targets for pro-
tection; these targets will suffer serious and irreversible consequences after a fire accident.
Our research team visited 53 small-scale senior citizen welfare institutions currently operat-
ing in Taiwan, in order to identify potential hazards in fire safety and propose solutions
based on Fire Protection Defense-in-depth Strategies. Based on the layer-by-layer effect of
layered protection, some insightful findings are as follows:

Layer 1: Precautions

Half of the institutional buildings meet new seismic codes.

One-fifth of institutions hang flammable decorative items.

A total of 84% of the elderly have poor mobility. Assistance is required to evacuate in
the event of a fire incident.

Layer 2: Rapid Emergency Response

All institutions are equipped with fire detectors.
Half of the institutions are multi-story buildings. It is recommended that more night
response personnel should be arranged.

o  Two-thirds of institutions arrange less than half of the day-shift manpower for the
night shift; strengthening nighttime resilience requires further exploration.

e Ninety percent of institutions employ foreign caregivers, all of whom are female.
The suitability of fire-extinguishing equipment should be considered for night shift
female caregivers.
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e  The effectiveness of institutions’ fire detectors is affected by the airflow generated by
nearby ceiling fans.

Layer 3: Limitations of fire spread

e Itis very important to prevent the spread of fire and smoke in the room caught on fire.
Preventing the spread of smoke from the door and the connection of the space above
the ceiling has to be carefully checked.

Similar to reactors in nuclear power plants, the elderly with poor mobility are consid-
ered “subjects not to be harmed” to ensure that regulations and measures being complied
with can effectively protect them. Due to the complex factors involved in the fire risk
of small-scale institutions, establishing an appropriate disaster prevention strategy can
integrate multiple fields, such as construction, fire protection, and elderly care, without
being restricted by regulations in a single field.
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