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Abstract 

Healthcare infrastructure in India is undergoing transformation in techno-physical aspects adding to 

an unprecedented rate of accessibility and affordability of healthcare facility to the masses. However, 

healthcare infrastructure in India is not up-to-date on global fire safety norms, and has seen several 

incidences of fire with causalities and loss of facility for running services. This paper draws on 

secondary data to establish the key fire risk scenarios in both public and private sector healthcare 

facilities. This study also derives the probability of occurrence of fire events in hospital critical and 

non-critical areas, based on statistical analysis of secondary data. This study is intended to inform the 

key stakeholders involved in healthcare infrastructure development to take informed decisions on fire 

risk prevention in both new and existing hospitals across India. 
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INTRODUCTION 

Indian hospital infrastructure scenario is undergoing transformation in techno-physical aspects 
adding to an unprecedented rate of accessibility and affordability of healthcare facility to the masses. 
The ambience and the façade embellishments are adding to perception of Indian healthcare facilities 
being “World Class” but issues of safety and security scenario is, a concern that needs benchmarking 
with respect to best practices being followed by the institutions in developed world. The current study 
presents the status of fire safety scenario in recent incidents that have occurred in recent past to look at 
the: risks, challenges & mitigation of fire in Indian healthcare buildings. The focus is on the existing 
facilities in public and private sector 
 

Most healthcare facilities in India have not yet adopted fire safety practices on a day-to-day basis, 
completely ignoring the existence of this problem. When such a fundamental issue of basic safety, 
central to healthcare practice, is ignored, to talk about life safety and well-being seems almost irrelevant 
and esoteric. A large part of these fire hazards can be prevented with simple and effective planning, 
design and most importantly management methods. 

 
The issue of following fire safety standardization 

and regulation in healthcare facilities has been the 
focus of much discussion and debate over last few 
decades. Often, powerful lobbies of medical 
fraternity have scuttled any substantial attempts to 
implement regulatory laws. Whilst individual cases 
of medical negligence continue to hit the headlines. 
In addition, have highlighted several important 
issues pertaining to fire safety of hospital and 
supported the same though major causes of fire 
incidents in Indian healthcare buildings. [1] 
 

Contrasting Notion of Fire Safety in Indian 

Codes 

In the India Standard (IS) Code 1644: 1988 which 
is the ‘Code of Practice for Fire Safety of Buildings 
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(General): Exit Requirements and Personal Hazard’, it is clearly mentioned that the exit of any bed-
ridden or other incapacitated patients or occupants is doubtful of safe escape. In the National Fire 
Protection Association (NFPA) 99, Life Safety Code, a health care facility is defined as “An occupancy 
used for purposes of medical or other treatment or care of four or more persons where such occupants 
are mostly incapable of self-preservation due to age, physical or mental disability, or because of security 
measures not under the control of occupants”, wherein, if a person is deemed incapable of ‘self-
preservation’ means that the individual would not be able to get out of the building by himself in case 
of fire. [2] 

 
However, if one was to intently look at the foreword of National Building Code of India (2016), Part 

IV: Fire and Life Safety, it presents a contrasting objective to the both IS Code 1644 (1960) and NFPA 
99. It states that the absolute fire safety from fire is not attainable in case of fire. Thus, objective of 
NBC Part IV is to specify measures that will provide that degree of safety from fire which can be 
reasonably achieved. Furthermore, the code endeavors to avoid requirements that might involve 
unreasonable hardships or unnecessary inconveniences or interference with normal use and occupancy 
of the building, but insists upon compliance with minimum standard of fire safety necessary for building 
occupants and usage. The objective of NBC 2016 therefore makes no sense to pursue for healthcare 
facilities wherein „zero tolerance‟ to fire is essential, not only as evacuation is impossible, and 
continuity of services is vital for societal needs. [3][4] 
 
Fires in Healthcare Facilities in US 

In the US, it is seen from statistics that hospitals or hospice account for 30% of the total fires, wherein 
the leading cause is cooking equipment’s accounting for 66% of the fires. Fires involving electrical 
distribution and lighting equipment and those with an intentional cause each accounted for 6% of fires 
while heating equipment and smoking materials each accounted for 5% of the total. Fires caused by 
electrical distribution and lighting equipment accounted for 36% of direct property damage. Air 
conditioner fires were only 1%; 83% fires were confined to the room of origin. 
 
RESEARCH GAP AND FOCUS OF STUDY 

In view of the above, there is an immediate need to provide society with a measure on the risk, i.e., 
safety level, which is acceptable in healthcare facilities, when they are designed by calculations. It can be 
achieved when parameters are determined for the safety level of a hospital. This current study focuses on: 

• Fire incidents in healthcare, causes of occurrence and implications of incidents in continuance of 
medical care 

• Vulnerability of hospital functional areas across public and private sector facilities 
• Challenges in integrating fire safety, security in a growing setup; Technology Obsolescence 

 
In addition, highlighted an important aspect of reliability issues associated with the risk factors in 

case of healthcare buildings, wherein emphasis has also been given to the occupant’s medical condition 
including being immune compromised as well as the procedure that one may be undergoing at a given 
time. It has also been inferred that in healthcare building types, one is dependent on the systems and 
other provisions for the high level of reliability. In research by Paul, pertaining to the issues related to 
travel distance for means of egress in life safety in building fires in India, the problems in fire safety of 
healthcare facilities which has major impact on the egress of the occupants in an event of fire.[5][6] 
 
Objectives of Research 

The main objectives of the research are: 
1. To determine the trends in fire incidents across public and private Indian healthcare facilities 

based on the causes of fire, source of origin of fire, number of fatalities and evacuations. 
2. To establish a relationship between occurrence of fire in medical and non-medical areas, thereby 

determine vulnerability of hospital functional areas. 
3. To identify the common challenges being faced by public and private hospitals in terms of 

continual growth and technology obsolescence. 

4. To present recommendations based on current outcomes. 
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METHODOLOGY 

This study has been divided into 5 steps involving data collection, analysis, recommendations and 

validation. These are as follows and explained in Figure 1. 

Step 1: Identifying healthcare facilities as a grave cause of fire incident study in Indian context 

Step 2: Data collection in absence of otherwise definite reliable sources 

Step 3: Statistical analysis of collected data attributing sources, impacts, and identifying opportunities 

for improvements 

Step 4: Comparing results of Indian cases with best case scenario (USA) 

Step 5: Stakeholder engagement workshop for validation 

  

Sources of Data Collection 

The data collection was an integral part of this study. Data collected from information on fire incidents 

of the last decade in Indian healthcare institutions from newspaper reporting's, incident reports, internet 

sources, etc. However, search of ‘key words’ for data on ‘fire in hospitals (in different states)’ and ‘fire in 

hospital in India’ yielded limited results. The search ‘keywords’ were then extended to: 

• District headquarters in most states 

• All major towns within the state having significant economic activity 

• Fire incidents reported in technical reports/papers 

 

 
Figure 1. Research Methodology 

 

Parameters for data collection 

The data collection was conducted on the following parameters: 

• Fire incident collected for public and private facilities, offering out-patient, in-patient, diagnostic 

facilities and operating suites 

• Facilities were categorized as buildings that “expanded” in a large site and “generally same” in a 

restricted site / plot where expansion of buildings as such is not possible / cannot be resorted to 

• Details regarding the location and origin of fire incident 

• Source of fire, such as electrical, electrical equipment, air-conditioner, LPG, chemical etc. 

• Impact of incident of fire in terms of deaths, evacuations (and number of evacuees) 

• Role of hospital staff as first responders in assisting the management of incident 

• General information: vintage (age), bed capacity and reference sources 

 

This lead to the compilation of comprehensive data sources that can be verified for details of the 

incidences if further required. 
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Observations on Data Availability 

While data collection was critical to this research and as the process of gathering data was launched, 

it was seen that there was a dearth of credible data on fire incidences in healthcare facilities in India. 

Only secondary sources were newspaper reports, scanty and sensational without required details. The 

incidence reporting documents were also not available on public domain. The search failed to locate 

reliable technical reports giving history of incidence of fire in public domain highlighting the lack of 

seriousness attached to fire safety in healthcare facilities. Though, incident reporting mentioned 

initiation of enquiry by administration and/or fire department but reports were not available, nor know 

if any in-depth investigation was carried out. Therefore, it was established that the data compilation for 

this research was the best source of information for understanding of the incidences, analysis of causes 

and impacts, and proposing „evidence-based' interventions‟ for risk mitigation and systemic 

improvements. [7] 

 

HEALTHCARE FACILITIES 

A total of 95 cases were studied between public and private hospitals, divided as ‘expanded’ or 

‘generally same’. (Figure 2) The following is the cases: 

 

 
Figure 2. Data Collection: Cases of Healthcare Facilities 

 

Healthcare Facilities; Grouping of Functionality 

The 95 cases were then further divided into functional areas to analyze the fire incident in detail. The 

areas are as below: 

• Medical (M) Areas: Outpatient Department (OPD), In-Patient Department (IPD), Laboratory, 

Blood Bank & diagnostics (LABD), Dirty Utility (DU) 

• Non-Medical (NM) Area: Stores, Canteen, Kitchen, Laundry, Basement/Cellar 

• Most Critical Area as: 

o Neo-Natal Intensive Care Unit (NICU), SICU, Pediatric Intensive Care Unit (PICU) 

o Intensive Care Unit (ICU) 

• LABD: Laboratory, Blood Bank and Diagnostics 

• Not Known (NK): Cases which are not reported or are un-identified 

 

DATA ANALYSIS: FINDINGS 

Origin of Incidence 

In terms of the origin of incidence, it was seen that overall, there was Non-Medical Area fire was 

33% against a staggering 58% Medical area fires (Figure 3). 
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Figure 3. Overall fire incidences 

 

In case of private facilities against public facilities, non-medical area fire is 31.58% as against the 

28.57% respectively (Figure 4). Management of non-medical areas instead of being administrative 

lapses can be attributed more too private healthcare facilities as compared to the government healthcare 

facilities wherein the administration is considered to be ineffectual. [8] 

 

  
Figure 4. Origin of incidence: Private vs Public Healthcare Facilities 

 

In terms of medical areas, NICU is considered to be single most vulnerable department for origin of 

incidence of fire. 20% of the fire originating from the NICU indicates it is considered as single most 

vulnerable area from the point of view of the fire. Following NICU, another vulnerable area is ICU 

catering to the 9.57% of the total fire occurrence. When all the medical areas are put together, occurrence 

of fire in all the medical areas including IPD, OPD, OT, Labor room, dirty utilities, blood banks, labs and 

other is 29.97%. In other medical areas: IPD caters to 8.5% of the incidents which appears very significant, 

however out of 8 cases in the IPD areas 2 cases belong to fire in rooms used for storage which are 

essentially non-medical functions both in terms of fire and preventive interventions. (Figure 5) 

 

As far as LABD (Laboratory, Blood Bank and diagnostics) is concerned, overall occurrence of fire 

incidents is of 9.47% against the 13.16% in private and 7.14% in government healthcare facilities 

58%
33%

9%

Medical Areas Non Medical Areas Not Known

50%

37%

13%

Private Healthcare Facilities

63%

29%

7%

Public Healthcare Facilities
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(Figure 6). It appears to be an indication of overloading wherein the system is prone to fire risks in 

private healthcare facilities as compared to much safer practices in the government setup. Considering 

relatively higher leverage for administrative controls in private sector, fire incidents in LABD indicates 

rather significant oversight in managing these places. [9] 

 

 
Figure 5. Origin of Fire: Medical vs Non-Medical Areas. 

 

An inference can be drawn that for 2 non-medical areas within the IPD, the interventions are rather 

administrative functions within the hospital setup. Therefore, the interventions for making non- medical 

areas safer should also be considered. In the view of these observations the interventions specific to the 

non-medical areas will help very significantly in making the IPD safer. Similarly, NICU and ICU being 

areas of similar fire risk, the interventions to mitigate risk in these areas will be effective in rendering 

similar functional areas in IPD (Dirty Utility and isolation rooms). Therefore, from the perspective of 

making IPD areas safe and bringing the vulnerability down. The interventions in non-medical areas and 

NICU and ICU would automatically be similar to IPD as well. In spite of healthcare facilities/healthcare 

facility being so vital in the society a failure to establish and put information in the public domain in 

9.47% cases. Therefore, it is an indicator of complete ignorance to report an incident and learn from 

failures in buildings which are lifeline critical infrastructure in all the possibilities. [10] 

 

  
Figure 6. Origin of Fire: Medical vs Non-Medical Areas in Private and Public Healthcare 
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Cause and Source of Fire 

The study identified the major sources of fire as: Air Conditioning (ACs), Electrical equipment (EE), 

Electrical System (E), Others (Chemical, LPG, and Oxygen cylinders), causes „Not known‟ (NK). The 

analysis showed that 17 % sources of fire are ACs and 25% sources of fire are Electrical equipment 

(Figure 7). In Medical areas, 23% causes of fire are because of ACs, and in Non-Medical areas 37% 

causes of fire are Electrical systems (Figure 8). It is notable that for almost 19% of cases, source of fire 

is “Not Known”. [11] 

 

 
Figure 7. Causes of Fire in all healthcare cases. 

 

 
Figure 8. Causes of fire in Medical and Non-Medical Areas 

 

Premise for Interventions Needed for Fire Safe Unitary Air Conditioners 

Unitary Air Conditioners is indispensable in immediate future and the time lag to introduce an 

alternative from research to application is too long. However, being a tropical country, Air Conditioners 

are required to function 24X7 uninterrupted for prolonged summer conditions, temperatures rising close 

to and above the designed performance limit (46 deg C, ref IS 1391 Part 1, 1992). Such ACs are known 

to be consuming higher energy above 35 deg C at the rate of 1.9% above rated power input, implying 

about 15% more input power at 45 deg C (cseindia.org, 2016). Thus, the same Air Conditioners will 

have a compounding effect on electrical system even when it is installed in accordance with company 

17%
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5%
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AC EE E Others NK
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rated input power. Therefore, as a result such Air Conditioners are hazards by themselves as reported 

in data by causing deterioration to the electrical systems because of drawing more power. Most non-

conditioned building facilities use Unitary Window or Split Air Conditioners for recently created 

functions such as ICUs, NICUs, Labs, including buffer electrical loads. Most of these ACs are installed 

without reviewing status of system to endure additional electrical load, and making specific provisions 

for connections etc. [12] 

 

Cascading Effect of NICU, ICU and IPD Areas: Calculating the Impact 

It is premised that the impact that Non-medical and IPD risks get loaded the ICU and NICU and the 

risks in these units increase proportionately. While the overall distribution of risks may remain same, 

the inter-related risk increases due to adjacency of other vulnerable areas. This combined effect is a 

realistic risk scenario as ICUs, NICUs and IPDs co-exist as well as include certain proportion of non-

medical fire risk functions. Therefore, cascading impact formulas are developed as explained below: 

 

Eq. 1: Effective risk when NICU is adjunct to IPD = [20% + (8.42% of 20%)] 

 

Wherein, 

20% is the % of total NICU fire cases 8.42% is the % of total IPD fire cases 

 

Eq. 2: Effective Risk of incidence of fire when NICU is adjunct to Non-Medical 

= [20% + (33.56% of 20%)] 

 

Wherein, 

20% is the % of total NICU fire cases 

33.56% is the % of total Non-medical fire cases 

 

Eq. 3: Effective Risk of incidence of fire when NICU is adjunct to IPD and Non- medical risk areas 

= [20%+8.42% of 20%) + (33.56% of 20%)] 

 

Wherein, 

20% is the % of total NICU fire cases 8.42% is the % of total IPD fire cases 

33.56% is the % of total Non-medical fire cases 

 

The analysis of data to validate the same is presented in Table 1. 

 

Table 1. Cascading impact on NICU. 
Area of 

incidence 

Basic Risk of 

incidence of fire 

(%) 

Effective risk when 

NICU is adjunct to 

IPD 

Effective Risk of incidence of 

fire when NICU is adjunct to 

Non-Medical 

Effective Risk of incidence of fire 

when NICU is adjunct to IPD and 

non-medical risk areas 

NICU 20% 21.68% 26.32% 28.00% 

 

Eq. 4: Effective risk when ICU is adjunct to IPD = [9.47% + (8.42% of 9.47%)]  

 

Wherein, 

9.47% is the % of total ICU fire cases 8.42% is the % of total IPD fire cases 

 

Eq. 5: Effective Risk of incidence of fire when ICU is adjunct to Non-medical = [9.47% + (33.56 % 

of 9.47%)] 

 

Wherein, 

9.47% is the % of total ICU fire cases 

33.56% is the % of total Non-medical fire cases 
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Eq. 6: Effective Risk of incidence of fire when ICU is adjunct to IPD and Non-medical risk areas = 

[9.47% + (8.42% of 9.47%) + (33.56% of 9.47%)] 

 

Wherein, 

20% is the % of total NICU fire cases 8.42% is the % of total IPD fire cases 

33.56% is the % of total non-medical fire cases 

 

The analysis of data to validate the same is presented in Table 2 

 

Table 2. Cascading impact on ICU 
Area of 

incidence 

Basic Risk of 

incidence of 

fire (%) 

Effective risk when ICU 

is adjunct to IPD 

[9.47%+(8.42% of 

9.47%)] 

Effective Risk of incidence of 

fire when ICU is adjunct to 

Non-Medical [9.47%+(33.56% 

of 9.47%)] 

Effective Risk of incidence of fire 

when ICU is adjunct to IPD and non-

medical risk areas [9.47%+(8.42% 

of 9.47%) +(33.56% of 9.47%)] 

ICU 9.47% 10.27% 12.46% 13.26% 

 

DATA ANALYSIS 

Modeling Probability of Evacuations 

The prediction of likelihood of evacuations based on “Location of Fire Incident” and “Number of 

beds” is attempted. The data was prepared for the analysis and out of 95 cases, 62 cases were considered 

for the analysis. Location of Fire Incident (Non-Medical=0, Medical=1) and Evacuations (Yes=1, 

No=0) were coded into the SPSS data. A binomial logistic regression was then run to determine whether 

the Evacuations could be predicted from Location of Fire Incident and Number of Beds. 

 

Binomial logistic regression estimates the probability of an event (in this case, Evacuations) 

occurring. If the estimated probability of the event occurring is greater than or equal to 0.5 (better than 

even chance), SPSS Statistics classifies the event as occurring (Evacuation-yes). 

 

Table 3. Interpretation of results; binomial logistics regression. 

Classification Tablea 

 

Observed 

Predicted 

 Evacuations Percentage Correct 

 0 1  

Step 1 
Evacuations 

0 1 12 7.1 

 1 2 46 95.8 

 Overall Percentage    75.8 

a. The cut value is .500 

 

Firstly, notice that the Table 3 has a subscript which states, "The cut value is 0.50". This means that 

if the probability of a case being classified into the "yes” category is greater than 0.50, then that 

particular case is classified into the "yes” category. Otherwise, the case is classified as in the "no” 

category. 

 

Table 4. Variables in the Equation. 

  

B S.E. Wald df Sig. Exp(B) 

95% C.I. for EXP(B) 

Lower Upper 

Step 1a Location (1) -.287 .690 .173 1 .678 .751 .194 2.901 

 Beds -.001 .000 4.549 1 0.33 .999 .998 1.000 

 Constant 2.094 .580 13.011 1 .000 8.116   

a. variable(s) entered on step 1: Location, Beds. 
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In Table 4, negative coefficient indicating that non-medical areas are demonstrating a greater 

likelihood of evacuation than the medical areas but that difference is not statistically significant 

 

Table 5. Model Summary. 
Step  -2 Log 

likelihood  

Cox & Snell 

R Square 

Nagelkerke R 

Square 

1 60.868a 0.83 .126 

a. Estimation terminated at iteration number 4 because  

parameters estimates changed by less than .001. 

 

Hosmer and Lemeshow Test 

Step  Chi-square  df Sig. 

1 12.289 8 .139 

 

Modeling Probability of Evacuations 

A logistic regression was performed to ascertain the effects of location of fire and number of beds on 

the likelihood that occupants can able to evacuate or not. The logistic regression model was not 

statistically significant, χ2=12.28, p>.005. The model explained 12.6% (Nagelkerke R2) of the variance 

in evacuations and correctly classified 75.8% of cases. Decreasing number of beds and Non- Medical 

areas was associated with an increased likelihood of evacuations. The logistic regression model was not 

statistically significant, χ2=12.28, p>.005. The model explained 12.6% (Nagelkerke R2) of the variance 

in evacuations and correctly classified 75.8% of cases. Decreasing number of beds and Non-Medical 

areas was associated with an increased likelihood of evacuations. (Table 5) 

 

Therefore, hospitals with less number of beds have more likelihood of evacuations. Further, when 

fire has occurred in Non-Medical Area, more evacuations are likely to be carried out (75% more likely 

to be resorted to as compared to the fires in Medical Areas). 

 

CONCLUSION 

The above findings point to the disturbing fact that healthcare sector is under threat from fire risks 

majorly due to air-conditioning. Some issues identified from cases are; 

• Installing units in the fire egress routes 

• Installation of units in space area more than the capacity, causing it to run continuous as the 

thermostat cut-off temperature in the space may never reach 

• Same space may need more capacity of the AC unit in hot climate or orientation facing solar 

exposure or the unit exposed to direct solar radiation, necessitating expert advise 

• Cleaning schedule of out-door unit to recognize accumulation of dust or other matter over the 

condensing coils and clogging fins thereby stressing unit to overdraw current and heat exchange 

challenge 

• Failure or underperformance of run-capacitor leading to draw higher amperage, stressing 

connecting power chord 

• Capacitors, exposed to temperature closing 65 deg C have significantly high probability of 

performance loss or failure 

• ICU and NICU areas need urgent attention 

• Electrical Equipment is a peculiar problem but needs to be dealt in a manner similar to ACs 

• Non-Medical Areas is a risk which is a general Fire Safety Concern, not peculiar to HealthCare 

Facilities in terms of mitigation 

• Electrical System is a problem prevalent in Private and Public facilities 

 

Bearing in mind the issues, as way forward, healthcare air-conditioning has to be taken up research 

in context of fire and life safety. 
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