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ABSTRACT

There is an increasing focus on measures to enhance patient safety within the
environment of care. Unfortunately, many existing facilities are unable to address this and often
struggle to cope with increasingly stringent standards for patient safety due to the fact that they
are aging buildings. Under the current economic conditions, it is not feasible to contemplate the
replacement of the large number of aging healthcare facilities across the country. A more realistic
option is to retrofit these facilities in such a way that they meet both current requirements and
foreseeable future needs. In doing this, it would be prudent to integrate into the retrofit project
measures to improve the energy efficiency of the facility, as this could result in considerable
savings. Retrofitting a healthcare facility poses considerable challenges, particularly with regard
to maintaining healthcare delivery operations and keeping patients safe.
The aim of this study is to investigate mechanisms for retrofitting healthcare facilities
such that patient safety and energy efficiency are simultaneously enhanced. In order to achieve
this aim and the associated objectives, this research followed a systematic approach to investigate
the issues involved in retrofitting healthcare facilities. An extensive literature review was
conducted to identify the current state of the related research and the knowledge gaps in
achieving the dual objectives of patient safety and energy efficiency in healthcare facilities
retrofit projects. Three case studies were conducted and data collected via interviews, shadowing,
site visits, and cognitive walk-throughs. Direct observation and experience of retrofit projects was
also undertaken to acquire first-hand knowledge of the retrofit process, analyze data, and to
explore possible solutions to the problems associated with current practices.
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Subsequently, an innovative integrated framework, the Patient Saftey and Energie
Efficiency (PATSiE) Framework, was developed to simultaneously enhance patient safety and
energy efficiency. The key features of the PATSiE include a step-by-step procedure for
enhancing patient safety and energy efficiency, and the elimination of rework with a better
understanding of patient safety and energy efficiency integration. A process model that guides
retrofit project teams in adequately considering the critical issues in healthcare facilities retrofit
has also been developed using the IDEF-0 modeling method. This provides a structured overview
of the different stages involved in retrofitting healthcare facilities and improves understanding of
the intricacies associated with integrating patient safety improvements with energy efficiency
enhancements. Evaluation of the PATSiE was conducted through focus groups with the key
stakeholders in the case study healthcare facilities. The feedback from these stakeholders was
generally positive as they considered the PATSiE useful and applicable to retrofit projects in the
healthcare industry.
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Chapter 1
INTRODUCTION

1.1. Background
The built environment significantly impacts the healthcare and health of patients and staff
in the healthcare industry. Healthcare facilities should improve the well-being of patients and
their safety. However, they sometimes cause health problems such as Hospital-Associated
Infections (HAIs). HAIs can be caused by bacteria, viruses, fungi, or parasites. These
micro-organisms may already be present in the patient's body or may come from the environment,
contaminated hospital equipment, healthcare workers, or other patients. HAIs and medical errors
are among the main causes of death in the U.S., killing more people than car accidents, AIDS and
breast cancer (IOM 2001 and Ulrich et al. 2008). Estimates indicate that patients acquiring an
infection in the hospitals stay an average of 20.6 days compared with 4.5 days for other patients,
and their hospital stays cost six times more (Enache-Pommer, 2010).
According to Plunkett Research (2011), the U.S. healthcare market in 2010 consisted of
hospital care (about $788.9 billion), physician and clinical services ($535.8 billion), prescription
drugs ($260.1 billion), nursing home and home health ($226.4 billion), dental care ($107.9
billion) and other items totaling $681.1 billion. Plunkett Research (2011) also noted that
registered hospitals totaled 5,815 properties in 2009, containing 951,045 beds and serving 37.5
million admitted patients during the year 2010.
The U.S. federal government‟s healthcare program for Americans 65 years or older
(Medicare), provided coverage to 46.3 million seniors in 2010 (up from 45.5 million the previous
year). National expenditures on Medicare for fiscal 2010 were projected to be $514.7 billion,
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including about $70 billion in premiums paid by beneficiaries. By 2030, the number of people
covered by Medicare will increase to about 78.0 million due to the massive number of baby
boomers entering retirement age (Plunkett Research, 2011).

1.1.1. Current Healthcare Industry Overview
The current healthcare industry is growing increasingly complex, and providing a safe
healthcare setting has become challenging for many healthcare facility managers. In a hospital
setting, a vast amount of facilities and healthcare information is processed daily to provide
efficient operations. However, most of the facility information is not linked to the healthcare
delivery process. It is often processed manually and is prone to errors. In fact, integration of
facility information with the healthcare delivery process is critical from the patient safety
perspective.
Healthcare delivery in the U.S. is evolving due to considerable social, organizational,
economic, political, and cultural changes. Likewise, due to growing demands and costs, the
healthcare industry is burdened by regulatory pressure more than any other industry (Springer,
2007).

1.1.2. Retrofitting Healthcare Facilities
Retrofitting, refurbishing, renovation, and expansion of the healthcare facilities are
increasing. It should be noted that for renovation and expansion projects, hospitals focus more on
emergency departments, imaging, surgery areas, cancer center, and enhancing infrastructure to
better serve patients and support the use of IT (Carpenter and Hoppszallern, 2010).
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Because hospitals need to operate 24/7/365, retrofitting and renovation of the healthcare
facilities are complicated and often disruptive to both patients, staff, and their daily work
responsibilities (Aiken, 2011). Retrofitting the healthcare facilities require careful attention to
comply with healthcare standards and patient safety requirement, especially when a construction
project takes place within or close to an active facility in a hospital (Sollitt, 2002).

1.1.3. Patient Safety Considerations during the Retrofit Process
Retrofitting and renovation of hospital projects present various challenges for patients
and staff. It needs early input from infection control and safety personnel to ensure patient safety
and avoid care service disruption (AIA, 2001). The healthcare organizations that receive
Medicare fund are obligated by Joint Commission and CMS (Centers for Medicare & Medicaid
Services) to conduct ICRA (Infection Control Risk Assessment) (Bartley, 2007). ICRA is
employed during the retrofit/renovation of hospital buildings to comply with patient safety
requirements. The ICRA provides guidelines for all phases of retrofit/renovation projects to
reduce the risk of HAIs to patients. The HAIs result when fungi or bacteria are dispersed into the
air via dust or water during construction, renovation, or maintenance activities in hospitals.
Nevertheless, the owners are responsible for ICRA performance, the project team (architectures,
mechanical, electrical and structural engineers), contractors, specialty-contractors, project
supervisors, and project managers must adhere to ICRA as well.
AIA guidelines provide useful information related to the healthcare facilities renovation
and mitigation of infection control risk, but it does not address how it needs to be executed
(Bartley, 2007). Bartley (2007) noted that ICRA provides a methodical approach for the process
of controlling the risk of infection in hospitals and can be used as an OSHA‟s complement for
worker safety. The ICRA as described in Chapter 2 (Literature Review) and Appendix A provides
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a comprehensive set of guidelines to control infections and manage the level of complexity of the
projects, but it does not provide any input for sustainable retrofitting.

1.1.4. Energy Efficiency in Healthcare
Naguib (2011) stated that hospitals consume 836 trillion Btu of energy, emit 30 lbs of
carbon dioxide (CO2) per square foot (which is more than 2.5 times the emission of commercial
office buildings) and 7% of total CO2 emissions in the U.S. In addition, Naguib (2011) declared
that HVAC (Heating, Ventilating, and Air Conditioning) and lighting systems consume 45% and
25% of the total amount of energy in hospitals. Hence, mechanical and electrical systems often
need to be redesigned during the retrofitting of the healthcare facilities.

1.1.4.1. Upgrading Mechanical Systems
Upgrading a healthcare facility‟s mechanical systems includes the control system, AHUs
(Air Handling Units), and chillers. According to Tobias (2009), redesigning of the control system
improves the efficiency of the HVAC systems. Tobias (2009) also suggests replacing the AHUs
with temperature-regulated variable-frequency drive (VFD) fans to decrease energy use, increase
indoor temperature comfort, and reduce interior noise. In addition, redesigning chillers to comply
with VFD helps to operate at a reduced speed during off-peak hours and improves energy
efficiency.
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1.1.4.2. Upgrading Electrical Systems
To reduce the use of energy in hospitals‟ lighting system, the lighting usage can be
reduced or deduct its hours of operation by installing daylighting sensors together with dimmable
lighting controls (Tobias, 2009). According to Starfield (2011), installing digital daylighting
control enhances patient satisfaction, and they can dim their lights to a level that is comfortable
and appropriate. Starfield (2011) also stated that this digital system in suitable hospital areas can
reduce energy costs by up to 40% by automatically dimming lights in response to changing
daylight levels coming through windows.
Upgrading the electrical system may include the improvement of new switchgear,
emergency generator, service feeders, and current panels. According to AIA (2006), the
equipment used in the departments of newborn nurseries, pediatric and adolescent, and
psychiatric nursing units are counted as special equipment. It is important to note that upgrading
facilities should be done in phases to eliminate any disruption for working facilities and eliminate
safety hazards for patient and staff.

1.2. Problem Statement
An increasing focus on measures to enhance patient safety within the environment of care
has led many healthcare providers to evaluate the extent to which their facilities address this need.
Unfortunately, many existing facilities due to their age, dated design approaches, technology, and
other requirements are unable to address this and often struggle to cope with increasingly
stringent standards for patient safety. Therefore, adopting new technologies is very demanding
and providing a safe healthcare setting has become increasingly challenging for many healthcare
providers. Retrofitting healthcare facilities is the solution to overcome these challenges and
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provide an opportunity to comply with new standards and regulations. Many healthcare facilities
adopt a range of pragmatic approaches to address these problems, but these short-term, transient
solutions that only result in marginal success. Under the current economic conditions, it is not
feasible to contemplate the replacement of the large number of aging healthcare facilities across
the country as “the average age of a U.S. hospital building is 27 years” (Guenther and Pierce,
2010).
According to Carpenter and Hoppszallern (2010), construction projects in the healthcare
industry grew slightly in 2011, in which 73% of them belong to retrofitting or renovation of
hospital projects while many new projects were postponed or subjected to a review because of
recession and new legislation.
A more realistic option is to retrofit these facilities in such a way that they meet both
current requirements and foreseeable future needs. In doing this, it would be prudent to integrate
into the retrofit project measures to improve the energy efficiency of the facility, as this could
result in considerable savings. Retrofitting a healthcare facility poses considerable challenges,
particularly with regard to maintaining healthcare delivery operations and keeping patients safe
before, during, and after the period of the retrofit project. Specifically, there is no connection
between patient safety and enhancing energy efficiency in retrofitting healthcare facilities
guidelines. The existing guidelines such as ICRA have a comprehensive focus on patient safety
from a renovation perspective, but it has certain limitation and does not cover energy efficiency
improvements in renovation projects. No guidelines or frameworks are currently available on
how to address this problem.
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1.3. Research Aim and Objectives
The aim of this study is to investigate mechanisms for retrofitting healthcare facilities
such that patient safety and energy efficiency are simultaneously enhanced. The specific
objectives include:


To investigate overlaps and information flows between facilities management and the
healthcare delivery process;



To establish requirements for retrofitting healthcare facilities to enhance patient safety
and improve energy efficiency;



To investigate current approaches to healthcare facility retrofits including mechanisms
for ensuring patient safety before, during, and after retrofit works in healthcare facilities;



To characterize the critical energy efficiency opportunities and develop mechanisms and
systems for implementing these;



To identify and model critical patient safety issues that need to be addressed in the
retrofitting healthcare facilities;



To develop and evaluate an integrated framework for planning retrofit works to ensure
patient safety and improve energy efficiency.

1.4. Overview of Research Methodology
This research focused on investigating the critical issues involved in the planning of
healthcare facility retrofitting works with a particular focus on enhancing patient safety and
improving energy efficiency. To address this, the study started with a literature review on the
need for retrofitting healthcare facilities and a review of existing guidelines and standards for
renovation projects in the healthcare industry. Then, empirical data collection was done using
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case studies and semi-structured interviews with healthcare practitioners. Work shadowing,
cognitive walk-through, and site visits were also conducted with key personnel, and content
analysis undertaken on several pertinent documents. The details of the research methods used are
presented in Chapter 3 (Research Methodology).

1.5. Research Scope
This research is concerned with investigating the retrofitting of healthcare facilities with a
particular focus on the dual objectives of improving energy efficiency while simultaneously
ensuring patient safety. The specific focus is on synergies between energy efficiency and patient
safety during the retrofitting of healthcare facilities. Primarily, this study focuses on the life cycle
of renovation projects from the feasibility and planning phase to the post-construction phase to
get a general high level overview of the different stages involved in retrofitting healthcare
facilities. To address this, the value associated with patient safety and energy efficiency was
initially collected from stakeholders in retrofit projects. After that, requirements for healthcare
facilities retrofit, patient safety risks and energy efficiency was developed. Then, attention was
given to the phase of projects that has the highest potential risks for both patients and staff, or
energy efficiency opportunities.

1.6. Outline of Dissertation
This section provides an overview of the structure of the dissertation as a guide for the
readers:
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1.6.1. Chapter 1. Introduction
This introductory chapter provides a general overview of the research. It describes the
background of the healthcare facilities in retrofit projects, as well as problems and research gaps.
Research aim and objectives are identified, and an overview of research methodology explained.

1.6.2. Chapter 2. Healthcare Facilities - Patient Safety and Energy Efficiency Issues
This chapter provides a critical review of the existing literature and related work in
healthcare facilities retrofit projects. It includes a general overview of healthcare concerns in the
U.S. as well as the complexity of the healthcare facilities. This chapter also explains safety issues,
concerns, and dissatisfaction of patients. A broad overview of the needs and challenges of the
retrofit projects is presented with a focus on synergies and common vision of patient safety and
energy efficiency. Research gaps and limitation of previous research are identified in the
literature review as well.

1.6.3. Chapter 3. Research Methodology
This chapter explains a general overview of research methodologies such as qualitative,
quantitative, and integrated research methodology. This chapter also discusses the most proper
method of data collection methodology for this study and details of research steps to develop and
analyze the study‟s findings.
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1.6.4. Chapter 4. Case Studies Description
This chapter discusses the three case studies detailing descriptive narrative, collected
data, research approach, and discussion of the results with implications for the development of the
PATSiE (Patient Safety and Energy Efficiency) Framework.

1.6.6. Chapter 5. The PATSiE Framework
This chapter provides the detailed steps taken to develop the Framework. The
development process of the Framework as well as the rationale behind the sub-process is
explained. It also discusses how the Framework solves the identified problems in literature
reviews and case studies to fill the research gaps.

1.6.7. Chapter 6. The PATSiE Framework Operation and Evaluation
This chapter presents a description of the Framework's operation. It is followed by a
detailed description of the process followed to evaluate the framework, as well as the outcomes of
the evaluation.

1.6.8. Chapter 7. Conclusions and Recommendations
This chapter summarizes the work, discusses the results of this study, and identifies the
conclusions of the research. It also provides recommendations and future research to enable the
extension of the PATSiE Framework developed in the healthcare industry.
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1.6.9. References and Appendices
Following the seven chapters is a list of references and appendices, including the ICRA
guidelines and an example of interview questionnaire that was used for data collection.

Chapter 2

HEALTHCARE FACILITIES - PATIENT SAFETY AND ENERGY
EFFICIENCY ISSUES

2.1. Introduction
In the U.S., the healthcare industry consumes about 17.6 % of the GDP (Gross Domestic
Product) and it is estimated to increase to 19.3% by 2019 (CMS, 2009). New healthcare
construction projects are expected to increase by 35 to 40% in 2011 compared to 2009. According
to Carpenter and Hoppszallern (2011), 73% of hospitals have gone through renovations or
additional construction projects. Thirty percent of them planned to expand or renovate their
facilities while more than 40% of them would begin the expansion of their projects during the
first half of 2011 (Gamble 2011 and Terry 2011). Gamble (2011) noted that 31% of hospitals are
trying to use facilities that are sustainable and environmentally friendly.

2.1.1. General Overview of Healthcare Concerns in the U.S.

The healthcare industry faces several challenges and has become a major concern for the
government and people in the U.S. Plunkett Research (2011) and Springer (2007) articulated
some of the healthcare concerns as follows:
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Healthcare Act: The impact of the Healthcare Act passed in 2010 is not clear. The
changes required of insurance firms and providers will probably have a significant effect
on pharmaceutical companies. Many providers of goods and services will also experience
dramatic changes.



Increased Demand: Demand for healthcare will increase dramatically between
2030-2050 due to population growth, immigration, population shifts, and the increasing
expectations and demands of aging Baby Boomers.



Baby Boomers: The average age of the U.S. citizens will increase as Baby Boomers
turned 65 in 2011. The burden on the healthcare system will rise in the near future. It
should be noted that the number of elderly citizens will grow from 45.4 million in 2009
to 78.0 million in 2030 creating serious problems for the federal government.



Rising Costs: Healthcare costs are growing faster than inflation and healthcare managers
constantly seek to cut costs. As Medicaid‟s cost is growing at a rapid rate, it affects the
budget for education and other essential services. Moreover, due to financial pressures,
the pharmaceutical industry will also face considerable problems.



Healthcare Coverage: Pressure will increase on healthcare employers and providers
regarding the growth of healthcare coverage. They are expected to cover the expenses of
both current employees and retirees.



Lifestyle: In general, people do not pay much attention to their lifestyles. This results in
many diseases (such as obesity) which add to the cost of the healthcare system.



Major Diseases: Heart disease, cancer and stroke are the main causes of death in the U.S.
They account for approximately one-quarter of the total annual healthcare expenditure.



Chronic Diseases: Seventy percent of the healthcare budget is allocated for chronic
diseases while only a limited amount is spent on preventive medicine and healthcare
education.
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Building Boom: Over the next ten years, $200 billion dollars will be spent on hospital
construction.



War for Talent: The healthcare industry faces considerable staffing shortages such as
issues of recruitment, retention, and turnover are serious for healthcare organizations.



Changing Nature of Work: Regulations, technology, and changing work styles influence
the healthcare industry. Healthcare personnel are required to comply with new rules,
regulations, and technologies to provide a healthy environment for their patients.
Taken together, the above conditions represent existing concerns in the healthcare

industry and demonstrate that there are inadequate funds to overcome all the stated problems.

2.1.2. Complexity of Healthcare Industry
The healthcare industry is dealing with a variety of problems because of the drastically
complex and dynamic system (Barach & Johnson, 2006). The complexity of hospitals and
healthcare organizations has an impact on physicians, patients, and all aspects of the system. The
ability to reframe the healthcare industry is the basis for change and broadening of ideas.
According to Plsek (2001), clinical practice, organization, information management, research,
education, and professional development are interdependent and built around multiple
self-adjusting and interacting systems. Implementing the science of complex adaptive systems
provides important concepts and tools for responding to the challenges of complexity in the
healthcare industry in the 21st century (Plsek, 2001),.
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2.2. Current Healthcare Delivery Process
According to Springer (2007), the healthcare environment has several unique
characteristics that make it different from other types of industries such as:


Unique setting; nonstop operation 24/7/365 means shift work and shared workspaces;



Healthcare must serve the entire population;



Regulations and information security requirements impose unique and potentially
conflicting demands on workplaces;



Many healthcare jobs involve multi-tasking with physical activity and highly skilled
knowledge work;



Technology use.
The current healthcare industry is growing increasingly complex and providing a safe

healthcare setting has become challenging for many healthcare facility managers. In a hospital
setting, a vast amount of facilities and healthcare information is processed daily to provide
efficient operations. However, most of the facility information is not linked to the healthcare
delivery process. It is often processed manually and is prone to errors (Hillestad et al., 2005). In
fact, integration of facility information with the healthcare delivery process is critical from the
patient safety perspective. Five to ten percent of patients (more than one million people) admitted
to acute-care hospital and long-term care facilities, develop an HAI annually in the U.S.
(Memarzadeh, 2011). CDC (2012) indicates that 36 percent of these infections could be
prevented by healthcare workers‟ adherence to strict guidelines when caring for patients.
Therefore, healthcare facilities have a critical role in HAIs reduction.
The healthcare environment is different from that in other types of services. It has a direct
impact and relation to the patient safety. “This makes getting it right the first time far more
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important than for the most other service-providing organizations” (Tran, 2006). It caused
healthcare to go under regulatory pressure (Springer, 2007).

2.3. Impact of Facilities Design Regulation on Healthcare Delivery Process
New regulations were passed over 20 years ago to promote standardized buildings.
Among all building types, hospitals and healthcare facilities are one of the most regulated
buildings (Rosenfeld, 2005). Having too many regulations may not be as useful as it is
recommended. As an example, Hurricane Katrina caused considerable damage to hospital
facilities, although they were in compliance with design regulations.
It is forecasted by the U.S. healthcare organizations that hospital construction boom will
reach $200 billion over the next decade and keeping the healthcare facilities up to date in terms of
technology, design, safety, security, and sustainability, by the time they open is very challenging
(Suttell, 2007). According to AIA (2001), it is necessary for healthcare facilities to comply with
the patients, staff, and public requirements. AIA presents a minimum standard to have acceptable
performance such as: (1) exact minimum dimensions or quantities and (2) describes a condition
that is commonly recognized as a practical standard for normal operation.
AIA (2006) states that healthcare facilities‟ design should not be limited to spacing and
operational needs, and it should make provisions for Infection Control (IC) and protection of
patients during any renovations or new construction. AIA (2006) articulates the impact of facility
design to healthcare delivery process as follows:


Disrupting essential services to patients and employees;



Patient placement or relocation;



Placement of effective barriers to protect susceptible patients from airborne
contaminants;
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Sufficient air movement and ventilation need in surgical services, airborne infection
isolation and protective environment rooms, laboratories, local exhaust systems for
hazardous agents, and other special areas;



Determination of additional numbers of airborne infection isolation or protective
environment room requirements.

2.4. Patient Safety
IOM (1999) declared that there are 44,000 to 98,000 deaths due to lack of patient safety
in the U.S. hospitals. IOM (1999) categorized healthcare errors as faulty systems, processes, and
conditions that lead people to make mistakes or failed to prevent them. Since then, challenges
related to patient safety considerations became one of the main priorities for the healthcare
delivery system. Pamela (2008) called patient safety the foundation of high-quality healthcare.
CAP & IOM (2008) address gaps in coverage, the high cost of insurance, and safety/quality are
the main challenges and issues in the healthcare delivery system. Healthcare depends on a highly
trained, balanced, motivated workforce, current and accurate information, and technologies that
enable healthcare professionals to use information in the right place, in the right way, and at the
right time. People, knowledge, and the means for their application are the foundations upon
which an efficient, high-quality healthcare system rests.
Patient safety is a relatively new concept in healthcare. “Healthcare is a decade or more
behind many other high-risk industries in its attention to ensuring basic safety” IOM (1999).
Hospital National Patient Safety Goals (2010) offered six main goals to improve patient safety
compromising: 1) identifying patients correctly, 2) improving staff communication, 3) using
medicines safely, 4) preventing infection, 5) checking patient medicines, and 6) identifying
patient safety risks. It is necessary to focus on accelerating the healthcare facilities‟ providers so
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that they can adopt systems that are likely to reduce errors and improve the overall coordination
of care. EHR (Electronic Health Records) would aid in reducing duplicative or conflicting
treatments and decreasing the likelihood of prescribing incompatible medications, avoiding
adverse drug events, and reducing medication errors (CAP & IOM, 2008).

2.4.1. Patient Dissatisfaction
Healthcare has been always a challenge in the U.S. Both patients and practitioners are not
satisfied with the current trend in the healthcare system. Griffith et al. (2010) noted that the
existing system does not provide proper health services to fulfill patient satisfaction. Research on
more than 12,000 patients/families shows that patients are dissatisfied with the health system due
to (1) incomplete and inappropriate treatment, (2) unclear communication with physicians and
staff, and (3) billing/payment among other reasons (Pichert et al., 1998).

2.4.2. General Patient Safety Context
According to PREMIER (2011), retrofitting healthcare facilities requires a high level of
consideration to provide a safe, caring and healing environment for patients, their family and
staff. PREMIER (2011) also stated that inadequate design or maintenance of healthcare facilities
can cause several problems such as hazards from fires, chemical exposures, or contaminated air,
water or environmental surfaces. Figure 2-1 shows patient safety considerations before, during
and after the retrofit.
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Figure 2-1. Patient safety considerations before, during, and after retrofit (Adapted from AIA
2006 and ICRA 2011)

In addition, to evaluate the risk of retrofit/renovation projects on patient safety, ICRA
(2011) provided some instructions - see Table 2-1:
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Table 2-1. ICRA patient safety considerations for retrofitting healthcare facilities (source: ICRA,
2011)

Steps

Description

Step I

Identify the type of construction activity (A – D)

Step II

Identify patient risk group (Low, Medium, or High)

Step III

Match the construction activity and risk group

Step IV

Identify the level of Infection Control Interventions: I, II, III, IV

Step V

Obtain Infection Control authorized work permit

Further information related to the type of construction activities, risk groups and level of
infection control intervention is included in Appendix A.

2.5. Energy Efficiency
According to the DOE (2009), the annual cost of energy in the healthcare sector exceeds
$5 billion and is equivalent to 836 trillion Btu of primary energy. Healthcare buildings are
responsible for 8% of primary energy consumption among commercial buildings (Figure 2-2).
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Figure 2-2. Commercial primary energy consumption by building type (DOE, 2003)

Existing hospital buildings consume a significant amount of primary energy in the U.S.
Figure 2-3 shows that energy consumption in these hospital buildings is growing dramatically.
Therefore, there is a need to retrofit existing facilities to enhance energy performance of hospital
buildings. At present, hospitals retrofit is the inevitable solution to address new requirements
emanating from the new regulatory standards that require enhanced levels of patient safety and
the need to improve the energy efficiency of healthcare facilities. Recent studies revealed
ingenious new possibilities to reduce energy consumption in the healthcare sector. The DOE is
also trying to promote advanced energy efficiency and renewable technologies in retrofitting
hospital projects. DOE (2009) launched the Hospital Energy Alliance (HEA), as a Net-Zero
Commercial Building Initiative to facilitate the combination of advanced energy efficiency and
renewable technologies in the healthcare sector. HEA was created to increase implementing
high-performance technologies to improve healthcare delivery, cut cost, decline energy usage,
reduce pollution, and share evidence-based strategies and best practices.
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Figure 2-3. The energy use and total square footage between 1999 to 2030 in inpatient medical
facilities (DOE, 2003)

NREL (2010) believes that 50% of energy can be saved in large hospitals across all the
U.S. climate zones through the following key approaches:


Reducing lighting power densities;



Daylighting sensors in applicable perimeter zones;



Installing occupancy sensors in applicable zones;



Using more isolative envelope;



Overhanging on south-facing fenestrations;



Providing a multi-zone variable air volume dedicated outdoor air system with zone-level
water-to-air heat pumps, the heat pumps shared a common condenser loop whose
temperature was maintained through the use of a chiller and boiler;
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Providing high-efficiency chillers, boilers, and water heaters;



Demanding controlled ventilation;



Using more efficient pumps;



Reducing infiltration through tighter envelope construction;



Integrating subsystems to achieve whole-building performance.

2.5.1 Examples of Energy Efficient Hospitals
ASHRAE Technology Award Case Studies are examples of initiatives in the building
industry to promote the design of energy efficient hospitals or renovate the existing hospitals.
These case studies incorporate ASHRAE standards and benefit from the technological
achievements to improve energy efficiency of the buildings and indoor air quality (ASHRAE,
2014).
Abbotsford Regional Hospital & Cancer Centre located in Abbotsford, BC, Canada, with
gross floor area of 664,736 ft2 (61,756 m2) and proposed EUI of 132 kBtu/ft2, Swedish Issaquah
Hospital located in Issaquah, Wash, with gross floor area of 353,000 ft2 (32,795 m2) and proposed
EUI of 150 kBtu/ft2, and Aurora Medical Center Grafton Wisconsin located in Grafton, WI, with
gross floor area of 526,000 (48,867 m2) and proposed EUI of 207 kBtu/ft2 are the awarded
hospitals for new constructions (McClanathan, 2013; Marmion, 2012; Lawless, 2013). These
hospitals have benefited from major renovations in the HVAC components and systems as well as
lighting fixture upgrades to reduce energy consumption of the hospitals dramatically while the
proposed design provides a reasonable payback.
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A medical center with 700,000 ft2 (65,030 m2) located in Columbus, GA, is one of the
awarded case studies for the existing hospitals (Fullerton, 2013). The proposed renovation master
plan has considered 18-phase strategic master plan enacted over a seven-year period, primarily
focused on the renovation of the centralized chilled water and heating water systems. Overall, the
primary focus of these awarded hospitals was an improvement in the energy efficiency of the
hospital not indoor air quality or patients. This indicates opportunities for future case studies and
best design practices to consider energy efficiency and patient safety together.

2.5.2 Building Energy Simulation
Recently building energy simulations are used to assess energy efficiency of the existing
hospitals and identify opportunities to reduce energy consumption of the hospitals (Pagliarini et
al. 2012; Alanqar et al., 2013; Alanqar et al. 2014; Mohammapour et al. 2014). These studies
selected case studies from the healthcare facilities to calibrate the building energy models based
on metered energy consumption (pre-retrofit) and propose recommendations for the hospital
renovation with the use of energy efficiency measures (post-retrofit).
One of the primary setbacks in the use of building energy simulations for the healthcare
buildings is the lack of reliable energy consumption data for all the energy commodities,
including electricity, chilled water, and steam. Most of the hospitals use centralized steam and
chilled water systems, and individual meter for each building does not exist while the electricity
is metered individually for each building (Alanqar et al. 2013). This limitation renders the
calibration process of the building energy models limited to the electricity consumptions.
Therefore, accurate predictions of all the energy commodities require careful consideration.
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Among the reviewed studies using building energy simulations, the key important inputs
for the building energy simulation models are identified as (1) Accurate predictions of setpoints,
setbacks, and internal loads (Alanqar et al. 2013 and 2014), (2) Major renovations in the HVAC
systems such as changing the CAV to VAV (Mohammapour et al. 2014), and (3) Major
renovations in the centralize unit thermal and electricity loads, including using Combined Heat
and Power (CHP) (Pagliarini et al. 2012). These inputs are only a subset of inputs for the energy
models, out of a long list of inputs (Heidarinejad 2014); therefore, further studies are required for
the healthcare facilities to identify key inputs for the energy models and provide a better
assessment of the energy conservation measures.

2.5.3 Combined Heat and Power (CHP)
CHP works as an integrated system, producing heat and electricity at the same time from
a single source of fuel (DOE, 2006). CHP systems are about twice more energy efficient than the
traditional systems (Figure 2-4).

Power Plant

Electricity
CHP

Boiler
45% Efficiency

Heat
80% Efficiency

Figure 2-4. Traditional vs. CHP process flow diagram (source: Shipley et al., 2008)
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According to Shipley et al. (2008), CHP systems are employed in about 3,500 sites in the
U.S. that provide 85 GW energy. CHP systems increase the total system thermodynamic
efficiency, and overall facility reliability while decreasing energy consumption costs, fuel
consumption, electricity demand on constrained utility grid and fully loaded generation
equipment, and total CO2 emissions (Meckler & Hyman, 2010).
It is ideal to install the CHP system in a facility that operates 365 days, 24/7, and has
concurrent electrical and thermal loads, low seasonal variation loads, and high-power reliability
needs (MACEAC, 2011). Hence, CHP can be deployed in a wide variety of facilities, including
industrial (manufacturing operations and refineries), institutional (universities and colleges,
hospitals, and federal facilities), commercial buildings (hotels, airports, large office buildings,
nursing homes), municipal, and large residential building complexes (DOE, 2006).
To have an efficient CHP system, an approximate flat electrical and thermal energy
profile is required. A CHP system also can be designed to meet either thermal or electrical needs,
and the shortage of another one can be supplemented. For example, the hospitals that are located
in cold and humid regions, the CHP systems are designed based on the total thermal load.
Hospitals consume more electricity throughout the daytime. As a result, during the peak hours of
electrical consumption, it is necessary to purchase electricity from the grid. Generally, these
hospitals sign a fixed rate electricity contract to supplement the electricity shortage in the daytime
or generate energy through a small power generator.
CHP systems are not new and have been utilized in different facilities for several years.
According to (MACEAC, 2011), there are some healthcare facilities across the U.S. that
employed CHP to generate their required energy such as Advocate South Suburban Hospital,
Beloit Memorial Hospital, Cooley Dickinson Hospital, Elkhart General Hospital, Jesse Brown
VA Medical Center, Lake Forest Hospital, Little Company of Mary Hospital, Northwest
Community Hospital, and Notre Dame Long Term Care & Assisted Living Centers.
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According to MACEAC (2011), Advocate South Suburban Hospital operates two
separate CHP systems in parallel with the grid with an electric generating capacity of 2.0
megawatts, and eight-year payback on $1.6 million CHP plant. Even though implementing CHP
systems in the hospitals‟ facilities setting have a long history, very limited research exists on the
implementation of CHP technology in the healthcare industry.

2.6. Retrofit in the Healthcare Industry
Retrofit and renovation of existing outdated hospital buildings will assist the healthcare
industry in complying with new technologies. New technologies can be used to upgrade current
AHUs configuration and types, existing paperwork system patient records to an electronic health
record of patients, and current configuration of the lighting and electrical systems.
Research studies show there is a need to upgrade and replace existing installed AHUs
with new AHUs in the hospitals (Carpenter and Hoppszallern, 2010). Furthermore, there are new
HVAC systems that use energy recovery components to reduce energy consumption of HVAC
systems, while the indoor air quality (IAQ) and required airflow to maintain specific rooms
pressurized to remain unchanged (ANSI/ASHRAE STANDARD, 2007). Therefore, there is a
need to take into account employing new HVAC technologies in the retrofitting of healthcare
facilities. In addition, mixing natural ventilation with the mechanical system to have a hybrid
ventilation system will benefit both natural and mechanical ventilation systems.
EMR systems have been utilized for over thirty years, while only 12 percent of hospitals
have an integrated system to fully use the EMR systems (Detlev and Berner, 2007 and Bazuin
2011). Current studies show that among the 598 hospitals surveyed, 26 percent of them were in
the transition from paper records or semi-EMR to fully EMR (Carpenter and Hoppszallern,
2011). Bazuin (2011) believes that the domain of EMRs is one that connects tightly to patient
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care, as such, doctors' notes, diagnostic reports and records of prior hospitalizations. Providing an
infrastructure for employing EMRs and advanced IT is challenging for outdated hospitals and
specifically, the hospitals that are mixed with new facilities (Meyer, 2010). EMR can provide an
overview of patients‟ state and help facilities department and involved parties to figure out how to
maintain the room conditions to fulfill occupant requirements during the retrofit process as such,
indoor air temperature and relative humidity, types HEPA air filter, fraction of return.
Current lighting and electrical systems should be changed to meet new regulations to
save more energy (ANSI/ASHRAE, 2007). For example, the growth in technology use in many
facilities has made the provision for electrical power outlets in many facilities grossly inadequate,
leading to the widespread use of power strips. This poses numerous risks to the safety of patients,
staff and members of the public. Thus, facility management personnel in hospitals are interested
in how to address such problems. In many cases, this will involve an exploration of how best to
rehabilitate their exciting facilities.
According to Hokin (2011), remaining fully functional throughout the retrofitting process
is a difficult task for any type of building but especially for healthcare facilities. Hokin (2011)
also noted that daily operations can be very disruptive to both the staff carrying out treatment and
the patients seeking recovery; therefore, it is essential to have very good communications and
collaboration between all affected parties. According to Aiken (2011), it is also important to
consider the following considerations before, during and after the retrofitting of healthcare
facilities:


Establishing an effective project planning, management, and continuous communication
throughout the project with stakeholders;



Identifying potential areas that could impact each phase;



Building a contingency plan from the initial phase of the retrofitting process;
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Ensuring that other areas of the facility are not unnecessarily affected – for example,
developing alternative access routes at planning stages;



Working closely with all stakeholders to clarify set of objectives for them in advance;



Understanding the legal obligations and the relevant standards.
Previous research showed that retrofitting hospital buildings helps to enhance the

environmental performance of hospital building occupants, improve existing façade such as the
thermal comfort and enhance the daylight control, ensure that inherent qualities of existing
buildings are captured, optimize the performance of existing HVAC systems, enhance the water
efficiency, and improve on-going performance (Hokin 2011).

2.6.1. Need for Retrofitting Healthcare facilities
Recently, the number of hospital renovation projects in the U.S. has been greatly
exceeding the number of new hospital construction projects by approximately 3 to 1 (Carpenter
and Hoppszallern, 2011). The study suggests that 73% of current hospital projects are associated
with renovation or expansion projects, which illustrates a significant transition from new
construction to renovation projects in the healthcare sector. This shift has happened primarily due
to the high cost of new construction associated with hospitals, the economic recession, and new
legislation. The figures below show the current budget for renovation of existing hospitals and
construction of new hospitals (Figure 2-5 and Figure 2-6)
These two figures show that the current dedicated budget for renovation of existing
hospitals and construction of new hospitals are comparable. A sensitivity analysis is done on the
allocated budget in each state of the U.S., and the result of the analysis depicted in Table 2-2. The
states in the U.S. can be categorized into three groups: (1) states that allocated more funding for
new construction of hospitals rather than renovations; (2) states with equal fund allocation to new
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hospital construction and renovations; and (3) states that spend more funding for hospital
renovations than new hospital construction.










$1 billion or greater (CA, NY, TX)
$500 million–$999.99 million (FL, IL, MA, NC, NJ, PA)
$200 million–$499.99 million (CO, GA, ID, IN, KS, MI,
MN, MO, MS, NH, OH, OR, VA, WA)
$100 million–$199.99 million
(CT, IA, KY, LA, MD, ME, NE, OK, SC, TN, WI)
$50 million–$99.99 million
(AL, AZ, DC, ND, WY)
$20 million–$49.99 million
(AK, AR, DE, NM, NV, RI, SD, UT, VT, WV)
$5 million–$19.99 million (HI, MT)
Less than $5 million (none)

Figure 2-5. Dedicated budget for renovation of existing hospitals and outpatient clinics by states
(source: Carpenter and Hoppszallern, 2010)










$1 billion or greater (CA, GA, IL, IN, TX, VA)
$500 million–$999.99 million (AZ, FL, MA, MD, MO,
NC, NJ NV, OH, PA)
$200 million–$499.99 million (AL, CO, KY, MI, MN,
NM, NY, OK, TN, WI, WA)
$100 million–$199.99 million (AK, AR, DE, IA, ID, KS,
LA, MS, OR, SD, UT, WV)
$50 million–$99.99 million (CT, MT, ND, NE, RI, SC)
$20 million–$49.99 million (ME, NH, VT)
$5 million–$19.99 million (WY)

Less than $5 million (DC, HI)

Figure 2-6. Dedicated budget for construction of new hospitals and outpatient clinics by states
(source: Carpenter and Hoppszallern, 2010)

31
Table 2-2. Allocated budget for new construction vs. renovation of existing hospitals
(based on Carpenter and Hoppszallern, 2010

New Construction Projects in Hospitals and Outpatient Clinics (Dollars)

Renovation Projects in Hospitals and Outpatient Clinics (Dollars)

1 billion or
greater

$500
1 billion
millionor
$999.99
greater
million
CA
IL
TX
FL
MA
NC
NJ
PA

$500
million - $999.9
9 million
$200
million - $499.9
9 million

$100
million - $199.9
9 million
$50
million - $99.99
million
$20
million - $49.99
million
$5
million - $19.99
million
Less than $5
million

NY

$200
million$499.99
million
GA
VA
IN
MO
OH

CO
MI
MN
WA
ID
KS
MS
OR

NH

$100
$50
million- million$199.99 $99.99
million million

$20
million$49.99
million

MD

AZ

NV

KY
OK
TN
WI
LA
IA

AL

NM

CT
NE
SC

ND

AK
AR
DE
SD
UT
WV
RI

ME

$5
Less
millionthan $5
$19.99
million
million

MT

VT

WY
DC

HI

Table 2-2. shows that among all states, thirteen of them dedicate more funds to construct
new hospitals than renovate the existing facilities. Fifteen states spend about the same amount of
money for both renovation of existing facilities and construction of new hospitals. There are
twenty-three states that spend more money to renovate their facilities instead of construction of
new hospitals. Hospitals retrofit range from changing a window to upgrading the mechanical
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system. Hospitals are providing care 24/7 for the patient while serving visitors, students and staff.
In this context, hospitals are different from other types of commercial buildings. There is limited
or no guidance is currently available to characterize activities related to retrofitting hospitals.

2.6.2. Challenges in Hospital Retrofits
Healthcare facilities retrofit is very challenging due to the patient safety requirement.
Patients are very vulnerable to those infections, which may be spread by construction activities.
According to ICRA (2011), diagnostic equipment sensitive to vibration and moisture in 24/7
hospital, ongoing patient procedures and hospital schedules, and active HVAC utility systems are
critical and cannot be easily shut down. In addition, based on ICRA (2011), retrofit and
renovation projects in healthcare facilities can cause several problems such as:


The airborne dust or water containing infectious organisms are dispersed into the air and
patients with poor immune systems can become infected;



Dust, dirt and mold can contain bacteria and fungal spores that are harmful to susceptible
people;



Air flow from the work site into patient-care areas can disperse dust and organisms to
patients;



Poor ventilation/filtering of air can affect indoor air quality of patient rooms;



Dirt on workers, contaminated carts, materials can cause diseases such as aspergillosis;



Organisms such as legionnaires reside in the water of cooling towers and spread by the
air-conditioning system itself.



People inevitably inhale legionnaires into their respiratory tract.



The risk of exposure to legionnaires' disease increases when high concentrations of the
organism grow in water systems.
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2.7. Patient Safety and Energy Efficiency in Retrofit Healthcare Facilities

Energy efficiency in general receives attention in all sectors as well as healthcare industry
due to increasing energy demand, cost of energy, carbon footprint, and energy dependency of
countries. The importance of the energy efficiency in healthcare facilities has been discussed in
the section 2.5 (Energy Efficiency).
Traditionally, standards similar to ASHRAE and research similar to that of the DOE, has
been focused solely on energy efficiency without considering patient safety. Energy efficiency
plays an important role in current and future healthcare facilities, and the main purpose of the
healthcare facilities is to ensure the safety of patients.
The proposed approach in this study tends to determine and highlight the existing
potential synergy and common vision of the patient safety and energy efficiency in healthcare
facilities retrofit projects. This approach carried out based on three hospital case studies.
Some of the interaction between patient safety and energy efficiency that can be
explored in healthcare retrofit is summarized in Table 2-3. Most of the reviewed studies in Table
2-3 considered the patient safety or energy efficiency individually without consideration of the
other aspect. This study aims to include both patient safety and energy efficiency together in the
analyzes for the three hospital case studies to address the existing knowledge gap.
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Table 2-3. Interaction between patient safety and energy efficiency in healthcare retrofit
Items

Patient Safety

Energy Efficiency

- Efficacy of UVGI lamps are directly related
- Reduce risk of patient contamination through
microorganism inactivation (First et al. 1999)

- Control the dispersion of airborne
microorganisms (Heidarinejad, 2011)

- Reduce the cross contamination between the
patients (Memarzadeh, 2011)

UVGI

- Need careful consideration in the installation
and maintenance of UVGI lamps, especially for
the upper-room UVGI lamps (Heidarinejad,
2011)

- Upper-room UVGI lamps can be used in public
areas such as waiting rooms (First et al. 1999)

to energy consumption of lamps (First et al.
1999)

- Number of lamps and position of lamps
affect the inactivation process of
microorganisms and energy use of lamps
(Heidarinejad and Srebric 2013)

- Performance of HVAC systems changes the
efficacy of UVGI lamps (Noakes et al., 2006)

- Upper-room UVGI lamps has to consume
less energy since there is risk of overexposure
to patients (First et al. 1999)

- Induct UVGI lamps can utilize more energy
since there is no risk of overexposure
(Kowalski, 2006)

- Operate under negative pressure (~100Pa) and - Consume more energy since HVAC

HVAC

100% exhaust air (Beggs et al. 2008)

systems are often designed to operate under

- Often increasing outside airflow may reduce

100% outdoor air (Beggs et al. 2008)

the infectious particle level (Memarzadeh, 2011) - More energy is needed to increase the
outside airflow rate (McNeil, 2013)

- Use of the filters such as electrostatic filters

- Some of filters need energy for operating

and biotical filters to prevent entering spores to

more efficiently (Memarzadeh, 2011)

hospital buildings (Memarzadeh, 2011)

- Periodic surface sampling of HVAC

- ASHRAE Standard 52.2 provides suggestions

systems is necessary to maintain patient

for Min Efficiency Reporting Value (MERV)

safety and energy efficiency (Kowalski,

Filtration rating system for filters to ensure certain indoor

2006)

particle concentrations (ASHRAE 52.2)

- Optimization methodology between HVAC

- Filters are effective in terms of patient safety

system, hospital building design, and filters

when they are used in combination with tightly

should be used to reduce the energy use while

sealed, higher air change rates, and negative

the filters work properly (Kowalski et. al

room pressurization (Memarzadeh, 2011).

1999)
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2.8. Limitations of Previous Research
The current healthcare industry in the U.S. faces more challenges than ever (Plunkett,
2011). Section 2.1.1 discussed a general overview of healthcare concerns and consequences of the
recent healthcare act, baby boomer, increasing demand and further contexts in the U.S. From a
sustainable point of view complying with healthcare needs within the existing facilities reduce the
need for the construction of new healthcare facilities
“The rate of obsolescence of healthcare facilities is rapidly increasing” (Carthey et al.,
2010). It is important to note that currently 73% of hospitals have gone through renovations or
additional construction in the U.S. (Carpenter and Hoppszallern, 2010). There are also significant
opportunities to reduce the potential HAIs occurrence through the healthcare facilities retrofit. A
practical retrofit uses a proactive management of healthcare facilities. This is particularly through
retrofits where there is major opportunity to significantly enhancing the existing ageing
infrastructure to reduce patient safety events and enhancing energy efficiency. Even though
healthcare facilities retrofit is inevitable, there is limited research or no guidance is currently
available for the healthcare industry stakeholders on how best to go through retrofit to adhere to
current and future needs.
Providing guidance for hospital retrofits requires a literature review of existing research
studies to determine the knowledge gap. Among previous studies, including ICRA (2011),
Stuttell (2007), Carpenter and Hoppszallern (2010), and ANSI/ASHRAE (2007), patient safety
and energy efficiency in retrofitting healthcare facilities are considered as two main objectives
that have direct and indirect benefits to patients and the healthcare industry. However, the
interactions between these two have not been seriously addressed to realize the full benefits. For
example, for energy savings, sustainable practices in healthcare facilities have been generating
global interest over the past few years; however, these sustainable practices are limited to the
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construction of new hospitals (Tobias, 2009). On the other hand, AIA (2006) and ICRA (2011)
developed a patient safety guideline before, during, and after retrofitting of hospital buildings.
However, none of these studies adequately explored the implications of addressing these two
issues together. No process model exists for the retrofitting of healthcare facilities, which
provides step-by-step guidance on how to renovate an old hospital building to be energy efficient
as well as to comply with patient safety requirements and standards.
In addition to the decision to retrofit an existing hospital, it is essential to provide a
practical rationale for pursuing the retrofit to be energy efficient and safe for patients, and
describe how decisions to pursue retrofit to evolve into an inclusive policy. Hence, having a plan
and managing the detailed elements of healthcare facilities retrofit projects is required. No
established interaction among stakeholders of retrofitting hospital projects exists between
mechanical, electrical, structural, architectural engineers, operation and maintenance personnel,
facilities management, infection control, and safety departments.

Chapter 3
RESEARCH METHODOLOGY
“If we knew what we were doing it wouldn't be research”.
Albert Einstein (1879-1955)

3.1. Overview of Research Methodologies
Merriam-Webster (2014) defines methodology as:


A body of methods, rules, and postulates employed by a discipline: a particular procedure
or set of procedures,



The analysis of the principles or procedures of inquiry in a particular field.
Methodology is comprised of various categories, and the following sections provide an

overview of the research methodologies such as quantitative research, qualitative research, mixed
research, characteristics of qualitative, quantitative and mixed research, and triangulation.

3.1.1. Quantitative Research
Quantitative research is based on the systematic empirical investigation. Numbers,
statistical and mathematical methods are intended to develop numerical measurement to a
particular phenomenon in quantitative research (Thomas, 2010). Creswell (2009) claims that if
the research approaches relate to (1) the identification of factors that influence an outcome, (2)
the utility of an intervention, (3) understanding the best predictors of outcomes, the quantitative is
the best research method. Quantitative research “abstracts from a particular instance to seek
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general description or to test a causal hypothesis, it seeks measurement and analysis that are
easily replicable by other researchers” Thomas (2010). Gay (1996) divides the quantitative
research approach to four categories: (1) descriptive, (2) correlational, (3) cause-comparative, (4)
experimental. Descriptive research involves collecting data through observation and behavior of
the subject to test a hypothesis. Correlational research attempts to determine the extent of an
existing relationship between two or more quantifiable variables. Causal-comparative research
establishes the cause-effect relationship, compares the relationship. Experimental research
determines the cause-effect relationship and does the comparison. Neuman (2011) has presented
the quantitative research steps in a chart shown in Figure 3-1.

1. Select Topic
7. Inform Others

2. Focus Question

THEORY
6. Interpret Data

5. Analyze Data

3. Design Study

4. Collect Data

Figure 3-1. Steps in the quantitative research process (source: Neuman, 2011)
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3.1.2. Qualitative Research
Qualitative research is a method of research that is used in many different areas such as
social science, marketing, business, and healthcare. According to Marshall & Rossman (1999),
qualitative research is descriptive and explanatory in nature and detailed data collection for this
method is done through observation, shadowing, field notes, in depth structured and unstructured
interview, focus groups, and analysis of documents and materials. Qualitative research
investigates answer for questions such as what, why and how instead of how much and how many
and it “is primarily concerned with meaning rather than measuring” (Keegan 2009). Fielding
(2000) pointed out that the application of qualitative research, known as a method of inquiry in its
own, is increasing in applied science and evaluation research. It has been adopted by many social
scientists and market investigators for acquiring relevant data in various studies (Neuman 2011,
Keegan, 2009). Hoepfl (1997) described qualitative research as follows:
1. Qualitative research uses the natural setting as the source of data. The researcher attempts
to observe, describe, and interpret settings as they are.
2. The researcher acts as the “human instrument” of data collection.
3. Qualitative researchers predominantly use inductive data analysis.
4. Qualitative research reports are descriptive, incorporating expressive language and the
presence of voice in the text.
5. Qualitative research has an interpretive character, aimed at discovering the meaning
events have for the individuals who experience them and the interpretations of those
meanings by the researcher.
6. Qualitative researchers pay attention to the idiosyncratic as well as the pervasive, seeking
the uniqueness of each case.
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7. Qualitative research has an emergent design, and researchers focus on this emerging
process as well as the outcomes or product of the research.
8. Qualitative research is judged using special criteria for trustworthiness.
Qualitative research can be used in different approaches in data collection. Johnson and
Christensen (2007) categorized qualitative research into four groups: phenomenology,
ethnography, case study, and grounded theory. The descriptions of the qualitative research
categories are explained as follows:

3.1.2.1. Phenomenology
The descriptive study of how individuals experience a phenomenon is phenomenology
(Johnson and Christensen, 2007). The basic purpose of this method to identify what all of the
individuals have in common and reduce the experiences of individuals with a phenomenon to a
descriptive universal experience (Creswell, 2012).

3.1.2.2. Ethnography
Ethnography is a descriptive study of a human society for a long period of time to
observe deeply within their community and generally is a field work (Fellows and Liu, 2008;
Fetterman, 2010). The data could be collected through different sources such as observation, field
notes, questionnaire, and interviews.
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3.1.2.3. Case study
In the social sciences, case study research is used to provide an in-depth understanding of
a phenomenon in an empirical study, the detailed account and analysis of one or more cases
(Fellows and Liu, 2008 and Yin, 2003). Case study as a research strategy use combination of
different data collection techniques includes interview, questionnaire, and cognitive
walk-through.
Case studies are conducted in this study in a form of qualitative descriptive research to
look deeply at and provide a comprehensive understanding of healthcare retrofit circumstances.
Flexibility is one of the main advantages of the case study research. There is an opportunity to
select multiple cases that bring the most benefit to the research. Rigorous investigation into case
studies can open an unexpected path in the research area that provides unforeseen information
related to the healthcare retrofit. This includes the tacit and explicit knowledge that is embedded
in healthcare retrofit procedure. Tacit knowledge is characterized by personal experience and is
held by an individual. The knowledge during the life cycle of retrofitting projects can be retrieved
by the researcher to contribute achieving the research objectives.

3.1.2.4. Grounded theory
Grounded theory is the development of inductive, bottom-up theory that is grounded directly in
the empirical data (Johnson and Christensen, 2007). In the grounded research methodology,
researchers collect data in the first step rather than start with a hypothesis. The data for the
grounded theory can be collected through different sources (Glaser and Strauss, 1967). Likewise,
Neuman (2011) comprises seven steps in the qualitative research process (Figure 3-2).
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1. Acknowledge
Social Self
7. Inform Others

2. Adopt Perpective

THEORY
6. Interpret Data

3. Design Study

5. Analyze

4. Collect Data

.
Figure 3-2. Steps in the qualitative research process (source: Neuman, 2011)

3.1.3. Mixed Research
Tchoumba (2009) and Johnson and Onwuegbuzie (2004) defined mixed research as a
combination of qualitative and quantitative research techniques, methods, approaches, concepts,
or language into a single study. In particular, mixed method is divided into two categories, (1)
sequential mixed method and (2) concurrent mixed method. Mixed method is used if a researcher
uses qualitative and quantitative in different phases of a research. For example, quantitative
research can be implemented in one phase of the study as an experimental work, and then a
researcher might conduct qualitative research in another phase as an interview study with the
participants to provide an understanding of a participant‟s point of view of the research‟s result
(Johnson and Christensen, 2007).
On the other hand, in concurrent mixed method, qualitative and quantitative methods are
used “in an integrated manner” Tchoumba (2009). As an example of this type of mixed method
research, a survey will be conducted through a questionnaire which consists of qualitative and
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quantitative factors, or the qualitative data will be collected while a researcher quantifies the data.
(Johnson and Christensen, 2007).
Johnson and Onwuegbuzie (2004) describe the mixed methods as “an expansive and
creative form, not a limiting form of research”. It is ideal to apply mixed research methods and
get the advantages of both qualitative and quantitative methods simultaneously and minimize the
disadvantages of both even though mixing approaches is more time consuming (Neuman, 2011,
Johnson & Onwuegbuzie, 2004) suggested employing eight steps in the mixed research process
(Figure 3-3).

1. Determine Research
Question
2. Determine
Appropriation of
Hybrid Research

8. Draw Conclusions
and Write Final Report

7. Legitimate Data

3. Select Mixed
Method or Mixed
Research Design

THEORY

6. Interpret Data

4. Collect Data
5. Analyze

Figure 3-3. Steps in the mixed research process (adapted from: Johnson & Onwuegbuzie, 2004)

3.1.4. Characteristics of Qualitative, Quantitative, and Mixed Research
Qualitative, quantitative, and mixed research can be differentiated based on several key
characteristics as shown by Neuman (2011), Johnson & Christensen (2007) and Creswell (2009)
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in Table 3-1. These differences relate to the different approaches that each research method
follows to reach its specific goals.
Table 3-1. Qualitative research versus quantitative research (adapted from Neuman 2011,
Johnson & Christensen 2007, and Creswell 2009)

Quantitative Research

Mixed Research

Qualitative Research

Objective

Objective and Subjective

Subjective

Focus on variable

Mixture of variables and

Focus on interactive process,

interactive process

events, words, categories

Reliability and Authenticity

Authenticity the key factor

Reliability the key factor

are the key factors
Separate theory and data

Mixture focus

Theory and data fused

Independent of context

Multiple forms

Situationally constrained

Many cases, subjects

Cover few cases and many

Few cases, subjects

cases
Statistical analysis

Qualitative and quantitative

Thematic and paternal analysis

analysis
Researcher detached

Researcher involved and

Researcher involved

detached depends on different
phases of research
Deductive

Deductive and Inductive

Inductive

Description, explanation, and

Multiple objectives

Description, exploration, and

prediction

discovery

Study behavior under

Study behavior in more than

Study behavior in natural

controlled environments

one context

conditions
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3.1.5. Content Analysis
Content analysis is a research technique and method for summarizing and analyzing
manifest or latent content of a narrative, interview, observation, communication, and further
contexts (Graneheim & Lundman, 2004). Content analysis allows researchers to go through a
large amount of data in an organized manner (Stemler, 2001). Neuendorf (2002) breaks down
content analysis as a summary, analysis of communication based on scientific manner comprising
attention to objectivity, inter-subjectivity, a priori design, reliability, validity, generalisability,
replicability, and hypothesis testing.

3.1.6. Triangulation
Duffy (1987) defines triangulation as a research technique that employs multiple
methods, theoretical perspectives, data, or investigators in the study. Triangulation is used to get
the benefits of the effectiveness of multiple strategies, rather than a single technique (Thurmond,
2001). Duffy (1987) categorized the triangulation in four different groups and explained them as
follows:
1. Theoretical triangulation facilitates the use of multiple frames of reference or
perspectives in the analysis of the same set of data in a study;
2. Investigator triangulation intends to use different observers, coders, interviewers, and/or
analysts in the same study;
3. Data triangulation collects several different observations through the utilization of cross
verification of sampling techniques to increase the credibility of the result;
4. Methodological triangulation is employing two or more methods of data collection in a
particular study.
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3.2. Adopted Research Methods and Justification
The ultimate goal of this research is to improve understanding of how healthcare facility
retrofits can be effectively undertaken to satisfy the dual requirements of enhanced patient safety
and improved energy efficiency. The research steps being followed include: literature review,
case studies, interviews with domain experts, content analysis of documents and materials
collected data from healthcare facilities and clinical personnel, and cognitive walk-throughs of
healthcare facilities. The research process followed is illustrated in the overview of research
design (Figure 3-4) and research steps in detail (Figure 3-5).
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Perceived Problems

Identifying problems related
to healthcare facilities

Literature Review

Identifying current state of
research area and knowledge
gap related to healthcare
facilities retrofit/renovation

Integrating patient safety
and energy efficiency
Interviews

Empirical Study
and Data Collection

Direct observation and
experience of retrofit work to
acquire knowledge of
retrofitting

Data Analysis

The collected data are analyzed
and transformed with the aim
of establishing a concrete
conclusion

Solution
Formulation

Suggest possible remedies to
improve current issues in
retrofitting healthcare facilities
to enhance patient safety and
energy efficiency

Evaluation/
Validation

Write-Up the
Dissertation

Implement domain expert
points of view into the
suggested solutions, and
validate the findings to comply
with the healthcare facilities
requirements

Write down all of the findings,
conclusions, and future
recommendations

Figure 3-4. Overview of research design flow chart

Shadowing
Observation
Cognitive walk-through
Triangulation
Content analysis

Requirements
Framework
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Initial walk-through

Previously funded
AHRQ project

Perceived Problems
Initial interviews
Literature Review

Patient Safety

Identify research problem
and knowledge gap

Energy Efficiency

Site accessibility
Size of hospital

Ongoing retrofit projects

Case study selection

Previous collaboration

Case Study 1

Case Study 2

Case Study 3

Field notes
Structured
Interviews
Unstructured
Shadowing

Data collection

Semi-structured

Observation

Content analysis
Data analysis
Triangulation

Focus group
Cognitive walk-through

Research outcomes

Investigate overlaps and information flows between FM and healthcare delivery process
Requirements for retrofitting healthcare facilities
Detailed description of current approaches to healthcare facilities retroti
Characterize the critical energy efficiency opportunities
Identify and model critical patient safety issues
Develop an integrated Framework for the planning of retrofitting works
Figure 3-5. Details of research step

Chapter 4
CASE STUDIES

4.1. Introduction
The literature review in Chapter 2 disclosed several opportunities to retrofit healthcare
facilities to significantly enhance both patient safety and energy efficiency. The research gaps
were recognized and in order to extend from the theory point of view to practice, three healthcare
facilities were selected as the case studies. Consequently, two projects in Case Study 1 and Case
Study 2 and one in Case Study 3 were conducted to understand the real problems in real time with
regard to patient safety and energy efficiency in the healthcare facilities retrofit project.
The findings of each case study presented in two main methods, descriptive narrative
reports from a thick description of case studies and cross-case analysis. According to Greets
(1973) thick description of presenting a descriptive report can be used to interpret the findings
while the cross-case analysis was conducted to discover the underlying theme, similarities, and
associations of the case studies (Donaldson and Mohr, 2000).

4.1.1. Case Study Selection
This research is exploratory in nature, and a case study approach has been identified as
the main research strategy. Project selection was tremendously important and to select the case
studies the following criteria were used:


Current renovation/retrofit projects;
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Appreciation of energy efficiency implementation by the Facilities Management
Department;



Interest in embedding energy efficiency principles;



Availability of data;



Accessibility of hospitals;



Rapport with the key participants involved in the retrofit projects.

In order to describe and discuss the case studies, certain key units of analysis were used that is
shown in Figure 4-1.
SME
Large Construction
Multi Firms
–Nation
Firm
Related

Business Case
Procurement Method
Contractor

Experience
Size
Scope
Cost

Stakeholders
Project Specifications
Plan

Existing

Objectives

General Information

Patient
Safety

Technical Details

Energy
Efficiency

Energy Efficiency
Measures
Patient Safety
Issues

Proposed

Technical Issues
ECMs
Mechanical System
Electrical System

Selection Criteria
Alternative Options

Structural System

Benchmark

Building Envelopes

Patient Safety Considerations

Challenges & Issues
Current & Future Strategies
Future Plan
General Policy
Standards
Patient Safety
Issues

Interaction between
Patient Safety Issues &
Energy Efficiency
Measures

Case Study Retrofit
Projects

Before Retrofit
During Retrofit
After Retrofit
ICRA
Dust
Noise

Vibration
Fume

Units of Analysis

Sub-Units of Analysis for the Case Studies

Figure 4-1. Breakdown of key units of analysis
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There are several ongoing construction projects in these hospitals, including expansion
and redesigning, renovation, refurbishment, and retrofitting of their existing facilities. Moreover,
these hospitals were selected to enable a detailed review of current retrofit approaches in the
healthcare industry, with particular attention being paid to provisions for patient safety and
energy efficiency. It provides an opportunity to discern the similarities and differences in their
work practices. Qualitative data, including the current status of patient safety, energy efficiency,
and environmental concerns were obtained through the case studies.

4.1.2. Data Collection Methods
To collect data in the case studies, a series of meetings, phone calls, emails, and
face-to-face interviews were planned with key personnel. The key personnel such as the head of
the Facilities Department, Infection Control Director, Project Managers, Project Supervisors and
Project Team were identified based on their roles and responsibilities in each case study hospital.
Most of the data was collected through the aforementioned methods. Specific questions were
asked to understand the roles and responsibilities of key personnel. These interviews helped to
collect the necessary information to describe, categorize and facilitate workflow of the different
parties involved in retrofitting healthcare facilities. It is important to note that the organizational
structure is different from one case to another. Therefore, the composition of the project teams
was dissimilar. The key personnel were selected for interviews are shown in Figure 4-2 and the
main methods of data collection are articulated as follows:
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Case Studies

Case Study 1

Case Study 2

Case Study 3

Plant Operations
Director

Head of Facilities
Department

Director of Project
Development

Facilities Assistant
Director

Chief Engineer

Facilities Planning
& Construction
Associate Director

Project Manager
(LEED Analyst)

Building System
Analyst

Project Manager
(Contractor‟s
Instructor)

Safety Director

CM‟s Vice
President

Vice President of
Facilities and Plant
Operations
Head of Safety
Coordination
Environment of
Care Director
Security Director

Infection Control
Coordinator

Project managers

CM‟s Project
Managers

Project managers

Contractor‟s
Project Manager

Architects

Contractor‟s
Project Engineers

Contractor‟s
Project Engineers

Figure 4-2. Selected interviewees

4.1.2.1. Visits and Meetings at Hospitals
In each hospital, the initial contact was made through email to explain the research
objectives and expected outcomes. The email was followed by a phone call to arrange a meeting
with the management-level staff or a department head. The initial two to three meetings with
management staff helped to identify the stakeholders and principal contacts, and the ongoing

53
retrofitting activities. In the initial meetings, the researcher described the research topic through a
short presentation and explained how the stakeholders‟ inputs would be beneficial to the research.
Visiting hospitals were crucial in the data collection process. Observations and field notes were
used during data collection on visits to ongoing projects.

4.1.2.2. Face-to-Face Interviews
The face-to-face interviews with the key personnel at hospitals were based on open-ended
questions (i.e. semi-structured) designed for each group/department. Open-ended questions
helped stakeholders to explain their thoughts and opinions on aspects of the research and to
answer questions related to their work processes, roles and responsibilities, and interactions with
other departments. A copy of the questionnaire can be found in Appendix B.
Interviewees were asked to explain their role in the facilities retrofitting process. Their
opinions and explanations were important to gain an understanding of the whole retrofitting
process. These interviews took 30 to 60 minutes. The face-to-face interviews enabled the
researcher to adapt the questions as necessary, clarify issues and ensure that the responses were
correctly understood. The role, number of participants and a number of face-to-face interviews
for each case study is shown in Table 4-1, Table 4-2, and Table 4-3.

Table 4-1. Interview participants in Case Study 1
Case Study 1
Role of Interviewees
Plant Operations Director
Vice President of Facilities and
Plant Operations
Head of Safety Coordination
Environment of Care Director

Number of
Participants
1

Number of
Face-to-Face Interviews

1

3

1
1

1
1

2
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Case Study 1
Role of Interviewees
Security Director
Project Manager
Contractor‟s Project Manager
Contractor‟s Project Engineer

Number of
Participants
1
1
1
3

Number of
Face-to-Face Interviews
1
2
1
3

Table 4-2. Interview participants in Case Study 2
Case Study 2
Role of Interviewees
Head of Facilities Department
Facilities Assistant Director
Facilities Planning &
Construction Associate Director
Building System Analyst
Safety Director
Infection Control Coordinator
Project Manager
Architect
Contractor‟s Project Engineer

Number of
Participants
1
1

Number of
Face-to-Face Interviews
1
4

1

4

1
1
1
3
3
3

3
3
4
3
1
1

Table 4-3. Interview participants in Case Study 3
Case Study 3

Role of Interviewees
Director of Project
Development
Chief Engineer
Project Manager
Project Manager (LEED
Analyst)
Project Manager (Contractor‟s
Instructor
CM‟s Vice president
CM‟s Project Manager

Number of
Participants

Number of
Face-to-Face Interviews

1

1

1
1

2
2

1

2

1

1

1
2

1
5
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4.1.2.3. Phone Interviews
The phone interviews were used where face-to-face interviews were difficult to arrange,
inconvenient or unnecessary. They were particularly useful for obtaining further information or
for follow-up interviews with the participants in the retrofitting projects to collect data on specific
issues. Table 4-4 shows the role and number of participants in phone interviews.

Table 4-4. Phone interview participants in Case Study 1 and Case Study 2
Case Study 1

Case Study 2

Role of
Interviewees

Number of
Phone
Interviews

Role of
Interviewees

Number of
Phone
Interviews

Plant Operations
Director

2

Head of Facilities
Department

1

Vice President of
Facilities and Plant
Operations

1

Facilities Assistant
Director

3

Project manager

1

Facilities Planning
& Construction
Associate Director

2

Contractor‟s
Project Engineer

2

Infection Control
Coordinator

2

-

Project manager

2

-

4.1.2.4. Shadowing
Work shadowing was conducted to increase understanding of the current practice of the
healthcare facilities retrofit in two case studies. Work shadowing provided an opportunity to
study the role and responsibilities of the different groups involved in the retrofit projects while
witnessing the workplace environment through observation of the construction activities. The
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Facilities Department in both Case Studies was shadowed to find out the interaction between
different departments during the retrofit projects. It helped to know the different methods of
communication between various groups involved in construction projects such as the Facilities
Department, Infection Control, clinical and non-clinical staff, and patients. Capturing the
information related to the retrofit projects gave a realistic hands-on work experience to learn
about patient safety issues and precaution methods during the retrofit projects.

4.1.2.5. Cognitive Walk-Throughs
Cognitive walk-throughs with the domain expert helped to collect information with
regard to the process of healthcare facilities retrofit projects. It was done by going through a set of
tasks with the Building System Analyst in Case Study 2 to learn about the current practice of the
healthcare facilities retrofit projects. The Building System Analyst was responsible for auditing
and evaluating of potential Energy Conservation Measures (ECMs) based on the healthcare
requirements and patients and staff needs. Cognitive walk-throughs with the Building System
Analyst was beneficial in learning the energy auditing process, ECMs, and related patient safety
issues during implementation of ECMs.

4.1.2.6. Site Visits
Construction site visits were undertaken to become familiar with the construction site and
observing real time retrofitting projects. Even though there visiting the sites could be
unpredictable, these helped to study the sequence of construction projects and workers' activities.
Visiting the construction sites in different phases of construction projects was important for
recognizing the different stages of patient safety requirements and ECMs. Site visits also helped
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to capture patient safety issues during the retrofit projects in real time. The number of the
construction site visits for each case study can be seen in Table 4-5.

Table 4-5. Interview participants in Case Study 2

Case Study

Project

Number of
Visits

Project 1A

3

Project 1B

3

Project 2A

3

Project 2B

2

Project 3A

5

Case Study 1

Case Study 2

Case Study 3

4.1.2.7. Focus Groups
Following the above data collection activities, the collected data was discussed via focus
group meetings with key stakeholders to discuss the result of the case studies to acquire feedback
from the professionals involved with the healthcare facilities retrofit. The details of the evaluation
procedure and focus groups discussion is described in Chapter 6.

As described in sections 4.1.2.1 to 4.1.2.6 the main data collection was through visits and
meetings at hospitals, face-to-face interviews, phone interviews, shadowing, cognitive
walk-throughs, and site visits. Associated significance for each method of data collection is
summarized in Table 4-6.
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Table 4-6. The different methods of data collection
Methods of Data
Collection
Visits and
Meetings at
Hospitals

Significance
- Learned about the healthcare facilities
- Identified stakeholders and principal contacts
- Recognized the ongoing retrofitting projects
- Provided answers to the open-ended questions
- Identified the main criteria of retrofitting in healthcare facilities
- Recognized main challenges in the retrofit projects
- Approach of the Facilities Group to identify, assess, prioritize and
manage problems related to retrofit projects
- Highlighted major sources of safety risks during the retrofit projects
- Distinguished unforeseen circumstances during retrofit projects
- Identified proportion of the retrofit projects that is targeted at
improving energy efficiency

Face-to-face
Interviews

- Recognized characterization of energy efficiency opportunities in the
retrofit projects
- Helped to understand future plan for enhancing energy efficiency
- Identified guidelines/standards related to patient safety in the
healthcare retrofit projects
- Recognized most common patient/staff safety problems that need to
be dealt with in retrofit projects
- Identified potential hazardous situations and pre-caution methods
during facilities retrofit projects
- Recognized interaction between patient safety and ECMs
- Identified situations where patient safety requirements were in direct
conflict with energy efficiency
- Conducted follow up questions

Phone interviews

Cognitive
walk- throughs
with domain
experts

- Collected the required data where face-to-face interviews were
difficult to arrange, inconvenient or unnecessary.
- Obtained information on specific issues
- Helped to be part of retrofit process
- Obtained information related to ECMs implementation
- Observed the real time construction activities

Shadowing

- Captured patient safety issues
- Helped to learn organization approach in retrofit projects
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Methods of Data
Collection

Significance
- Be familiar closely with real projects
- Gained an understanding of the whole retrofitting process

Site visits

- Be part of real time construction activities and capture patient safety
issues in different phases of construction projects
- Observed implementation of Energy Efficiency Measures in the Case
Studies
- Sharing ideas

Focus groups

- Learning different approaches
- Finding out the opinion of the Facilities Department related to the
research outcome

During data collection, documents relevant to the retrofit projects were collected and
used. Table 4-7 shows the various types of documents collected and analyzed. The table also
provides collected information from each document and significance to their collection and
analysis with respect to patient safety and energy efficiency requirements in the retrofit projects.

Table 4-7. The different types of collected documents

Type of documents
Drawings:





Site layout plan
Floor plans
Mechanical and
electrical drawings
Construction phases

Collected information
- Sequence of retrofit
projects in different
phases
- Border of construction
activities with the
occupied areas
- Location of adjacent
departments to the
construction project

Significance
- Provided technical information
related to the construction
project
- Identified related patient safety
issue and ECMs in different
phases of the retrofit projects
- Relation between construction
sites and patient care areas
- Provided required information
related to current mechanical
and electrical systems
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Type of documents

Infection Control Risk:
 ICRA Permit

Collected information
- Identify the type of
construction activity
- Identify patient risk group
(Low, Medium or High)
- Identify the level of
Infection Control
Interventions

Significance
- Understand the level of
precaution
- Patient safety considerations

4.2. Preliminary Study
A pilot study for integrating facility information with healthcare information to improve
patient safety was undertaken through the previously funded AHRQ (The Agency for Healthcare
Research and Quality) project. Overlaps and information flows between facilities management
and the healthcare delivery process was investigated. Based on the information obtained and the
identification of typical facility failures, use cases were developed to determine synergies
between FM and the healthcare delivery process, and to assess the potential for improvements
from a patient safety perspective. The use case diagrams were developed for both planned and
unplanned safety events.

4.2.1. Planned Event: Compliance with Power Strip
The interactions of the various actors involved in the planned event, compliance with
power strips, is shown in Figure 4-3 use case diagram. As it can be seen in the diagram, different
groups were involved in the process of complying with power strips protector regulations and
several planning coordinations were required.
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Figure 4-3. Compliance with power strips use case diagram (source: Mohammadpoour et al.,
2012)

4.2.2. Unplanned Event: Sewer Backup
The unplanned event included a sewer main resulted from disposable wipes and other
non-flushable materials in the sanitary sewer system. The materials caused a complete blockage
of the sewer line. The use case diagram that is shown in Figure 4-4 demonstrate the interactions
of many groups that were involved.
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Figure 4-4. Sewer backup use case diagram(source: Mohammadpoour et al., 2012)

4.3. Case Study 1
Case Study 1 is a forty-year-old acute-care facility with more than 250 beds. The
healthcare facility has gradually grown since that time, and more than $200 million were invested
in construction projects, including the construction of new buildings as well as the retrofitting of
existing facilities. There are currently a number of facilities under construction to provide
services due to the increasing demand for new technologies such as a modulated linear
accelerator, and to comply with new standards and regulations. For example, some of the
facilities that were built based on the previous standards faced losing their license due to the new
regulations related to the size of the patient‟s rooms.
It is important to note that Case Study 1 has undergone several incremental construction
projects. The existing infrastructure was not compatible with the expansion of existing buildings
and new construction projects. As a result, new HVAC, electrical and piping systems were
replaced or added for each new addition. The efficient expansion of the healthcare facilities in
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Case Study 1 were required to be accomplished through establishing a long term facility plan,
otherwise additional modifications would be costly.

4.3.1. Retrofit Approach/Requirements
The organizational approach to construction projects in Case Study 1 starts with the
Facilities Department. The Facilities Department sends out a letter to all the departments each fall
and asks for a list of projects that they need to have. Each department provides a list of desired
projects and sends it back to the Facilities Department. The Facilities Department collects the list
of potential projects and meets with the architects and engineers to develop an estimate of the cost
of each project. Meanwhile, the Facilities Department meets with the head of each department to
learn more about the available area they have and want to retrofit, expand, or rebuild, and then
assign a budget number to each project.
It is the responsibility of each department to meet with the budget committee to sell their
requested projects and convince the committee. Final decisions are made by the budget
committee, which includes several members of the administrative team. The time a project is
requested and defined, and availability of budget established, a review of the strategic plan,
including the master facilities plan is conducted to see if the requested project is aligned with
strategic initiatives. If alignment is recognized, then a proposal is developed for the project and
presentations for the funding, and approval is provided throughout different board level
committees and eventually the entire board. Afterwards, as the program needs are defined,
professional design is conducted by the Facilities and Plant Operations Department with a
multidisciplinary team to design the projects. The Facilities Department contracts with architects
and engineers for each project and extends the contract with some of the known architects and
engineers because of their familiarity with the healthcare facilities‟ infrastructure, and the
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different systems such as mechanical and electrical systems. It is very important for engineers to
be familiar with the existing facilities while architects should have a good understanding of the
whole project and be able to assemble a team with the required skills and experience to deliver an
innovative design solution that meets the client‟s goal and vision of the project.
For small projects, the Facilities Department chooses the contractor from a list of
contractors they have worked with before. Meanwhile, the Facilities Department submits the
project drawings to the local code office to ensure everything (such as handicapped accessibility)
is the code compliant. Depending on the nature of the job, the Facilities Department might need
to submit the document to the Department of Health for verification of their requirements. The
workflow process for the healthcare facilities construction projects in Case Study 1 is shown in
Figure 4-5 and followed by a detailed description of each project in Case Study 1.

4.3.2. Project 1A (Cancer Center) Overview
The Cancer Center construction project was a three-year construction project. It included
the addition of 28,000 sf. as well as the renovation of the existing facilities. The layout of Project
1A is shown in Figure 4-6 and included the following:

- Two-story addition to the north side of the existing building;
- One-story addition above the existing building;
- Renovation of the ground floor of the existing building;
- Two-story addition to the east side of the existing building.
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Figure 4-6. Layout of the expansion and renovation of Project 1A

4.3.2.1. Business Case
The increased demand for higher-quality cancer treatment, and patient satisfaction were
the main concerns in the retrofitting and expansion of the Cancer Center. Improvement in the
cancer treatment facilities advances the clinical outcome and provides a better opportunity for
patients. Patients can go under treatment in a hospital close to their hometown without the need to
travel to other cancer treatment centers.
Promoting best practice and sophisticated cancer treatment were the key successes of
Project 1A. Providing high-technology equipment with a higher standard of care enables the
healthcare provider to attract more patients to the Cancer Center and enhances the profitability of
the hospital. Financial considerations and investment in the Cancer Center helped to keep it
updated and functional.
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4.3.2.2. Procurement Method
Guaranteed Maximum Price (GMP) was used as the procurement method in this project.
The contractor was compensated for the actual cost of the project, plus a fixed price payment
provision. The owner would have the benefit of paying for the invoiced work up to a
pre-established price. The owner of the project had the experience of conducting several
construction projects, and played an active part in the development of the project so that it could
be finished within budget.

4.3.2.3. Contractor
The Construction Company was a family company founded eighty years ago. One of the
specialties of the contractor is the construction of healthcare facilities. The contractor had
collaborated previously with the Case Study 1 hospital on the construction of some of their
projects. Hence, the construction company was familiar with the existing infrastructure.

4.3.2.4. Construction Phases
To maintain and facilitate the ongoing activities related to the Cancer Center, the
construction project was performed in several phases as follows:

4.3.2.4.1. Phase One: Cancer Center Additions
Phase one of Project 1A included the construction of new additions while the existing
Cancer Center remains operational. The Cancer Center additions included approximately 7,700
sf. on ground floor, 17,000 sf. on the first floor and 4,500 sf. on second floor, including a
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penthouse and stairs. The CT (Computed Tomography) scan room was situated adjacent to the
construction of the new addition to the east. To keep the CT scan room operational during the
construction activities, it was relocated to one of the doctor‟s offices, and the doctor‟s office
moved to one of the other existing offices (Figure 4-7). The relocation of the CT scan room and
doctor‟s office helped to reduce the impact of construction activities on the daily activities of
patients and staff.

Figure 4-7. CT Scan Room and doctor‟s office relocation in the phase one

4.3.2.4.2. Phases Two to Seven: Ground Floor Renovation/Demolition
In the first phase of the Project 1A, the construction of the new addition to the north side
of the existing building was finished, and the building occupied. Afterwards, demolition and
renovation of existing facility on the ground floor was started (Figure 4-8).
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(Y)
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(X)

Under
Construction
(Z)

Figure 4-8. Layout of phases two to seven of Project 1A (renovation/demolition of ground floor)
Almost all the existing Cancer Center departments were transferred to the new addition
(Y), except for the Linear Accelerator Room and Control Room that continued their daily
operation in the existing building (X). The designers retained the Linear Accelerator Room and
Control Room in the same configuration (Figure 4-9).

Control Room

Figure 4-9. Ongoing renovation adjacent to Control Room

To provide access to the Linear Accelerator and Control Room for patients and staff, a
tunnel was built. The tunnel was eight ft. wide and lower than ceiling height with the ICRA
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barrier. The ICRA barrier prevented construction activities airborne pollutant exposure to the care
area. The tunnel installation took place at night that patients and staff were not in the care area.
New columns and footings were installed in the existing building (X). Existing load
bearing masonry was replaced with a steel structure, footings and new interior structures were
installed. The ceiling was replaced while the concrete roof and joist structure remained in their
place. To be able to follow the sequence of steel erection and meanwhile maintain access to the
Linear Accelerator room, it was necessary to move the tunnel to different locations. Therefore,
the renovation of the existing floor (X) was done in several phases to provide a safe environment
for patient and staff to be able to have access to the Linear Accelerator Room. Figure 4-10 to
Figure 4-15 show the different locations of ICRA barrier in phases two to seven.

Figure 4-10. Layout of phases two and patient accessibility to the Linear Accelerator room
through ICRA tunnel
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Figure 4-11. Layout of phase three and ICRA tunnel relocation

Figure 4-12. Layout of phase four and ICRA tunnel relocation
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Figure 4-13. Layout of phase five and ICRA tunnel relocation

Figure 4-14. Layout of phase six and ICRA tunnel relocation
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In the last phase (Figure 4-15) while the project reached its final configuration, the new
constructed corridor was used as the ICRA tunnel (as shown in Figure 4-16).

Figure 4-15. Layout of last phase

ICRA
Barrier

a) Newly constructed corridor is used as an
ICRA tunnel

b) Exterior doors and openings to the
corridor closed to create an ICRA barrier

Figure 4-16. Patient accessibility to Linear Accelerator room through a new constructed corridor
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4.3.2.5. Patient Safety-Assessment of ICRA Compliance
To ensure patient safety during the construction project, the Facilities and Infection
Control Departments collaboratively developed an ICRA plan during the planning phase of each
project. The contractor, specialty contractors, project manager, project engineers, workers,
carpenters, plumbers, superintendent and the Facilities and Infection Control Department were
required to follow the ICRA plan throughout the construction of Project 1A. The law mandated to
implement ICRA since 2001. It is important to note that, before starting each phase of the project,
an ICRA permit needed to be acquired via the ICRA process. The detail of the ICRA process in
the different phases of Project 1A is explained as follows:

4.3.2.5.1. Footing/Foundation Installation
The first phase of Project 1A was footings/foundation installation for the new additions,
classified as Class I of ICRA precaution measures (Figure 4-17). The steps that are taken to
determine the level of precautions can be seen in Appendix A. An ICRA permit is required when
the class of precautions is III or IV. This phase of the project was classified as Class I due to the
low interaction of construction activities with patients and staff. As a result, an ICRA permit was
not required. The need for an ICRA permit was determined as follows:
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Case Study 1, Project 1A

Types of
Construction
Activities

Take place outside of
the existing Cancer
Center

Inspection and noninvasive activities

Type A

Low Risk

Level of
Infection Control
Interventions

Installing footing and
foundation

Patient Risk
Group

Footing/Foundation Installation

ICRA Permit

Class I

ICRA permit is not
required

Figure 4-17. Determination of class of precautions for footing/foundation installation

4.3.2.5.2. New Additions
The construction of the new additions was classified as Class II (Figure 4-18) and as a
result the ICRA permit was not required.
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Case Study 1, Project 1A
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Construction
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Take place adjacent to
the existing Cancer
Center

Activities that generates moderate
to high level of dust, requires more
than 8 hours to complete

Type A

Low Risk

Level of
Infection Control
Interventions

Construction of
cancer center
additions

Patient Risk
Group

New Additions

ICRA Permit

Class II

ICRA permit is not
required

Figure 4-18. Class of precautions for construction of new additions for Project 1A
4.3.2.5.3. Ground Floor Demolition/Renovation
The ICRA classification level for ground floor renovation/demolition was Type D (major
demolition and construction projects). The construction project had a lateral impact on the
oncology department. Therefore, there was the highest level of risk to patients (Figure 4-19). As
such, an ICRA permit was required.
To comply with the ICRA requirements the following precautions/measures were
required during the construction of Project 1A.
1. Holes, pipes and conduit penetrations in work area were sealed;
2. Anteroom for staging of equipment & donning of coveralls constructed;
3. Workers required to wear coveralls in the work area. Upon completion of major dust
generating activities, coverall requirement was removed;
4. The coveralls were removed from the work zone before entering the anteroom;
5. Any residual dust left on workers needed to be removed by vacuum;
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6. Shoe covers were needed to be worn by workers and removed in the anteroom when
exiting the area;
7. All renovation, construction, maintenance & tool carts leaving Project 1A were
required to be covered & the wheels wiped down with a bleach solution;
8. Use Environmental Health Service (EHS) or a contract cleaner to vacuum or damp
mop the area outside the work zone and adjacent areas.
Case Study 1, Project 1A

Types of
Construction
Activities

Oncology

Major demolition and
construction projects

Level of
Infection Control
Interventions

Ground floor
renovation/demolition

Patient Risk
Group

Ground Floor Renovation/demolition

Type D

Highest Risk

ICRA Permit

Class IV

ICRA permit is
required

Figure 4-19. Class of precautions for phase two of the Cancer Center construction project

4.3.2.6. Patient Safety Issues
There were several patient safety issues that need to be considered in retrofit projects.
These are discussed below with regard to their impact on Project 1A:
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4.3.2.6.1. Vibration
Vibration was one of the main issues in constructing the footings and foundations in
Project 1A. To control the vibration, a seismograph was used to measure both ground and
airborne vibration caused by footing and foundation installation. Ground vibration is recorded in
millimeters per second while airborne vibration is measured in decibels (dB). The device was
installed around the existing linear accelerator to monitor the vibration. The linear accelerator is a
device that uses external beam radiation treatments for patients diagnosed with cancer
(Figure 4-20).

Figure 4-20. Linear accelerator device (outside of the building)

In this case, a millimeter of movement of the sub-base of the slab was measured to avoid
any disruption to patient treatment. The device would send out a message automatically if there
was any vibration. The meter needed to be turned off during the work of the Environmental
Services Dept‟s floor cleaning equipment due to its sensitivity to some types of vibration. The
patient safety issues and proposed mitigation plan related to the vibration in Project 1A is
presented in Table 4-8. This table includes the following:


Demolition, period of construction activities, stationary equipment, operation of heavy
construction equipment, concurrent construction activities and construction equipment
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that result from such construction activities, and equipment were recognized as the
sources of the vibration;


Patient Impacts;



An overview of mitigating actions/control measures that could prevent the identified
issues.

Table 4-8. Patient safety issues and proposed mitigation actions related to the vibration

Construction
Induced
Problem

Source

Patient Impacts

Construction
activities:
 Demolition
 Period of
construction
activities
Construction
equipment:
Vibration

 Stationary
equipment
 Operation of
heavy
construction
equipment
 Concurrent
construction
activity and
construction
equipment

 Patient
complaints
 Increase
anxiety
 Patient
dissatisfaction
 Patient
discomfort
 Cause
nervousness
 Patient Stress
 Blood pressure

Mitigating Actions/Control
Measures
 Phase the sequence of
demolishing
 Select demolition methods
not involving vibration
 Quieter demolition methods
 Shorten the period of
work/vibration activity
 Seismograph

 Specify the level of vibration
related to each equipment
 Avoid night time activity
 Determine vibration levels
of construction equipment
 Reroute equipment
 Plan sequence of the
activities
 Seismograph

4.3.2.6.2. Noise
Noise pollution in the part two of phase one was one of the main issues that could
adversely affect the occupied existing Cancer Center. Patient‟s exposure to noise could cause
many problems such as patient and staff complaints, anxiety, frustration, nervousness, and
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increased stress. For example, patients might not be heard or heard correctly when they talk to the
caregivers. It would create an unsafe healthcare environment for patients or cause sleeping
disorders. Patients need to rest in a quiet environment without any disruption while they recover
from a major surgery. Certain rules and regulations are needed to avoid the negative impact of
noise on patients. In this phase, the CT room and doctor's office were relocated in the existing
building to mitigate the noise problem. Sometimes, construction activities needed to be stopped
based on patient and staff request. It was also required to reroute patients, visitors and the staff
entrance, which needed a coordination with healthcare providers.
The new addition to the north side some of the existing underground footings needed to
be demolished. Jack hammers and electric saws were used to demolish the existing concrete
footings. These instruments caused noise and vibration, which were problematic for patients and
the Linear Accelerator device. There were many complaints due to these noises necessitating the
contractor to stop the work frequently to satisfy the patients and staff.
According to OSHA (Occupational Safety and Health Administration), construction noise
should generally not go higher than 85 dB, while the construction noise cannot go above 70 dB in
healthcare facilities because people will not be able to hear each other. In general, construction
work in the healthcare facilities follows the American National Standards Institute (ANSI)
standard to get the baseline information, even though OSHA has its own noise standard; if the
noise goes higher than 70 dB patients are not able to hear the conversation of nurses and
physicians. To prevent noise exposure to patients, it was required to build a wall between the
construction site and occupied space in this project. After installing isolation, additional GYP
(gypsum) board walls were fastened to the studs. The GYP board walls were used for sound
isolation. Ease of installation (quickly cover large areas), lightweight (easy to handle) and
durability were also advantages of those walls. Not only, it helped to mitigate noise, but it was
also beneficial for infection control (prevented airborne dust dispersing from the construction site
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to the care area). Patient safety issues and proposed mitigation actions related to the noise in
Project 1A is presented in Table 4-9, which includes the following items:


Sources of noise associated with construction activities, construction equipment, and
people involved in the construction activities;



Patient impacts



An overview of mitigating actions/control measures that could prevent the issues (e.g.
based on reduce work period, use of sound barriers, alternative construction method,
lower setting of equipment, use the quieter model, reroute mobile equipment, use a
quieter model, muffling devices, authorized work hour).
Table 4-9. Patient safety issues and proposed mitigating actions related to the noise
Construction
Induced
Problem

Noise

Source

Patient Impacts

Noise related to
construction activities
 Duration of activities
 Types of activities
 Method of

construction





Noise related to

construction equipment

 Stationary

equipment

 Mobile equipment
 Concurrent use of
construction
equipment

Noise related to people
involved in construction
activities
 Noisy environment

Mitigating Actions/Control
Measures

 Noise measurement
 Identify and mitigate noise level
related to the construction
activities
 Identify and alternate the noisy
construction method
 Reduce work period
 Develop work plan
Complaints
 Use of sound barriers
Anxiety
 Temporary walls
Frustration
 Alternative construction method
Increase stress
 Lower setting of equipment
Tinnitus
 Use a quieter model
Exhaustion

Reroutes
mobile equipment
Distress

Proper
maintenance
of equipment
Delay treatment

Install
damping
material
Dissatisfaction

Using
muffling
devices
Headache
 Quantitative assessment
 Erecting noise barriers
 Develop a noise mitigation
procedure for measuring the
noise related to construction
equipment
 Authorized work hour
 Noise control plan
 Make a smart notification system
to keep the environment quiet
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4.3.2.6.3. Coordination
Coordination was one of the main issues in this project. After the completion of phase
one of Project 1A in which the new addition to the north side of the existing building was
finished, the Cancer Center started its daily operations in the new building. The Linear
Accelerator device and Control Room remained in their old locations. Patients and staff that
needed to access to these facilities required several coordinations (as explained in section
4.3.2.4). Patient safety issues and proposed mitigating actions related to the coordination was
based on the various issues identified in Project 1A. The issues that identified have been
summarized in Table 4-10 which includes the following:


Delay due to lack of information, change of work sequence, and inadequate planning
were identified as issues related to coordination that affect healthcare delivery;



Patient Impacts;



An overview of mitigating actions/control measures that could prevent the issues based
on real-time information, pre-construction coordination, and plan prior to start of a
project.

Table 4-10. Patient safety issues and proposed mitigating actions related to the coordination
Construction
Induced
Problem

Coordination

Source

Patient Impacts

Mitigating
Actions/Control
Measures

Delay
 Lack of information
 Change of work
sequence
 Insufficient
planning

 Complaints
 Lost the chance to get to
the appointment
 Dissatisfaction
 Patient and staff
confusion
 Error

 Real time
information
 Pre-construction
coordination
 Plan prior to start
of a project
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4.3.3. Project 1B (Emergency Department) Overview
The Emergency Department project included renovation of the existing Emergency
Department and construction of a new addition. The layout of the Project 1B is illustrated in
Figure 4-21 included the following:
- One-story addition to the south side of the existing building;
- Demolition and renovation of the existing building;
- Ambulance entrance;
- New heli-pad.
The construction project included more than 29,000 sf. of new addition as well as 14,500
sf. renovation of the existing Emergency Department.

New Addition
Demolition of
Existing
Building
Renovation of
Existing Building

Figure 4-21. Layout of the expansion, demolition and renovation of Project 1B

84
4.3.3.1. Business Case
More than 50,000 patients visit the Emergency Department annually. In the Emergency
Department, the traditional process of admitting patients and providing care for them was slow.
The process included triage, patient registration, patient information sharing, waiting in line, and
many delays. The Emergency Department design was improved to increase the patient flow and
healthcare efficiency. The Emergency Department, with its new configuration provided a
friendly, flexible spaces and welcoming environment for patients, their families, and staff.
In the construction of Project 1B, the waiting area was improved to increase satisfaction
of patients and their family. Centralized stations with open architecture design were used to
streamline the flow of patients and operational process and to increase flexibility of spaces and
staff. The number of private rooms also increased, and these were equipped with computer
workstations.

4.3.3.2. Procurement Method
The procurement method in this project was GMP. In GMP the maximum cost of a
project is fixed and the risk is transferred to the contractor. Even though the contractor is
responsible for completing the project based on the maximum price, the extra cost of the project
can be covered through allowances and contingencies. In Project 1B, the selected contractor was
familiar with the infrastructure of Case Study 1 and had worked on some other projects in the
healthcare facilities. Therefore, GMP was a good choice as the contract type. The experience in
the same healthcare facility was an advantage for the contractor to be able to finish the project
within budget and on time.
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4.3.3.3. Contractor
The contractor in Project 1B was the same as in Project 1A. According to the Facilities
Department, the contractor performed good quality work and maintained a good relationship with
the owner, and all the other departments were able to function completely and provide care with
full capacity for the patients.

4.3.3.4. Construction Phases
The construction phases in Project 1B were divided into two phases as described in the
following sections:

4.3.3.4.1. Phase One: Emergency Department Addition
Phase one of Project 1B included construction of the new addition (about 26,000 sf.) to
the south of the existing Emergency Department. A new parking lot was constructed to the north
side of the Project 1B, before starting the construction project. The new addition was constructed
in the previous parking lot. The previous parking lot moved to a new location. In addition,
ambulance parking and the helipad needed to move to a temporary location away from the
construction activities before the construction project. Layout of phase one of Project 1B is
shown in Figure 4-22.
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Figure 4-22. Layout of phase one of Project 1B
4.3.3.4.2. Phase Two: Renovation of Existing Emergency Department
Phase two included complete demolition of the north side, as well as renovation of the
south side of the existing Emergency Department (Figure 4-23). Demolition of the existing
building included removal of columns and footings, ceiling, mechanical, electrical, and plumbing
systems, lighting fixture, alarm system, sprinkler heads, interior partitions, exterior walls, metal
stairs, finishing flooring, and doors.
The demolished area of the existing Emergency Department was replaced with a new
structure, and a new penthouse was built. Mechanical, electrical and underground plumbing
systems were all rebuilt. Demolition of the existing MEP systems was one of the most
challenging activities in the second phase of Project 1B. It required several preparations as well as
coordination between different departments to keep the MEP systems functioning in the occupied
area. The openings of the constructed new addition were covered with the ICRA barriers to
prevent construction dust and derbies from dispersing to the Emergency Department. Figure 4-24
shows the layout of the ICRA barriers. At the end of the second phase, the ICRA barriers were
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removed, and the new addition was connected to the stair wall of the existing building, and the
two parts joined.

Figure 4-23. Layout of phase two of Project 1B (demolition and renovation)
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Figure 4-24. Layout of ICRA barriers in phase two

4.3.3.5. Patient Safety-Assessment of ICRA Compliance
The ICRA process in different phases of Project 1B is elaborated in detail as follows:

4.3.3.5.1. Footing/Foundation Installation
As stated previously, the construction of the new addition required to obtain an ICRA
permit. The first step was the installation of footings and foundation for the new addition. The
level of precautions as it can be seen in
Figure 4-25 was determined as follows:
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Case Study 1, Project 1B

Types of
Construction
Activities

Office Area

Inspection and noninvasive activities

Type A

Low Risk

Level of
Infection Control
Interventions

Exterior footings/
foundation

Patient Risk
Group

Footing/Foundation Installation

ICRA Permit

Class I

ICRA permit is not
required

Figure 4-25. Determination of class of precautions for footing/foundation installation

4.3.3.5.2. Emergency Department Demolition/Renovation
ICRA classification level type for Emergency Department renovation/demolition is Type
D, Major demolition and construction projects. The construction project has an impact on
ongoing activities in Emergency Department. Therefore, there is the highest level of risk to the
patient (Figure 4-26).
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Case Study 1, Project 1B

Types of
Construction
Activities

Emergency
Department

Major demolition and
construction projects

Level of
Infection Control
Interventions

Ground floor
renovation/demolition

Patient Risk
Group

Emergency Department Demolition/Renovation

Type D

Highest Risk

ICRA Permit

Class IV

ICRA permit is
required

Figure 4-26. Determination of class of precautions for phase two of Emergency Department

4.3.3.6. Patient Safety Issues
The patient safety issues related to Project 1B included noise and coordination. The
issues are discussed as follows:

4.3.3.6.1. Noise
Noise was one of the main concerns related to patient safety in Project 1B. The
construction project during the two phases had a direct impact on ongoing activities in the
Emergency Department. As the Emergency Department is open 24/7, construction activities
could not be done at night rather than during the daytime to prevent patients from noise exposure.
To protect patient and staff from the noise exposure, some additional insulation was installed in
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the wall cavity in the border of the occupied area and construction activities (see Figure 4-27).
The installation was a regular insulation that could absorb noise reverberation.

Figure 4-27. Installed isolation to minimize noise

Patient safety issues and proposed mitigating actions related to the noise in Project 1B is
articulated in Table 4-11. This table includes the followings:


Sources of noise associated with construction activities, equipment, people and helicopter
movement;



Patient impacts;



An overview of mitigating actions/control measures that could prevent the issues.

Table 4-11. Patient safety issues and proposed mitigating actions related to the noise
Construction
Induced
Problem

Noise

Source

Noise related to
construction activities
 Duration of
activities
 Types of
activities
 Method of
construction

Mitigating Actions/Control
Measures

Patient Impacts












Complaint
Anxiety
Frustration
Dissatisfaction

Reduce work period
Develop work plan
Use of sound barriers
Temporary walls
Alternative construction method
Noise measurement
Identify and mitigate noise level
related to the construction
activities
 Identify and alternate the noisy
construction method
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Construction
Induced
Problem

Source

Noise related to
construction
equipment
 Stationary
equipment
 Mobile
equipment
 Concurrent use of
construction
equipment
Noise related to people
involved in
construction activities
 Noisy
environment
Noise Related to
Helicopter
 Disrupt patients
and staff as well
as construction
activities

Mitigating Actions/Control
Measures

Patient Impacts
 Headache
 Distress
 Delay
treatment
 Exhaustion
 Tinnitus












Lower setting of equipment
Use quieter model
Install damping material
Reroute mobile equipment
Good maintenance
Install damping material
Muffling devices
Quantitative assessment
Erecting barriers
Develop a noise mitigation
procedure for measuring the
noise related to construction
equipment

 Authorized work hour
 Noise control plan
 Make a smart notification system
to keep the environment quiet

Provide real time information
Coordination with the involved parties
in advance

4.3.3.6.2. Coordination
To construct the new addition to the Emergency Department the parking lot required
relocation. This required advanced coordination with staff, patients and their families to inform
them of the new entrance and the parking lot location. To address this, the hospital contacted
patients and their families and updated them with the current location of parking areas and the
Emergency Department entrance. Several signs were installed in different places to help patients
find the new car park location.
The temporary helipad used during the construction of Project 1B, was located on top of
the penthouse (Figure 4-28). In emergency situations, a helicopter is used to bring patients in.
When the helicopter flew around the care areas (such as the Heart Operation Room and Cat Lab
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in the Emergency Department), it caused noise and disrupted the routine activities of the
healthcare providers. The affected departments needed to be updated with the helicopter schedule
to be prepared for the increased noise factor. Important to note that because of the unscheduled
nature of emergencies, it was not easy to keep them updated. The helicopter also had an impact
on the steel erection schedule during the construction of Project 1B. During the helicopter‟s
departure and landing, steel erection needed to be stopped to prevent any accidents. Effective
coordination was needed to control and manage the steel erection.

Figure 4-28. Penthouse and helipad

Further explanation of the coordination issues in Project 1B related to patient safety
issues and proposed mitigating actions are encapsulated in Table 4-12. It shows the following:


Parking location, Emergency Department entrance, and helicopter departure and landing
were identified as the sources of patient safety issues for the coordination;



Patient Impacts;



Mitigating actions/control measures that could prevent the coordination issues.
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Table 4-12. Patient safety issues and proposed mitigating actions related to the coordination
Construction
Induced
Problem

Source

Patient Impacts

Parking
 Lack of
information
Entrance
 Lack of
information
Coordination

Helicopter
 Change of
work
sequence

Mitigating Actions/Control Measures

 Provide real time information
 Plan prior to start of project

 Change of schedule
 Lost the chance to
get to the
appointment
 Dissatisfaction
 Patient and staff
misinterpretation
 Error

 Update patient and staff in
advance
 Provide real time information
 Plan appropriately

 Coordinate with the construction
company in advance and provide
real time information
 Provide real time information for
the department that can be
disrupted by helicopter movement
 Inform disrupted group in advance

4.3.4. Energy Efficiency in Projects 1A and 1B
In both Project 1A and Project 1B in Case Study 1, there was no long-term plan to reach
a specific level of energy savings. The healthcare providers in Case 1 believed that they could not
be more energy efficient because of the healthcare facilities requirements. The energy
conservation codes can be implemented in the hallway and waiting room areas prior to the patient
room and care areas. Patient care areas need several considerations and are required to follow the
healthcare facilities standards. Project 1A and Project 1B were constructed at about the same time
and accordingly had the same energy efficiency measures. The following measures associated
with the energy efficiency were implemented:
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4.3.4.1. Building Automation System
A Building Automation System (BAS) was used in Case Study 1 to monitor and control
mechanical and electrical systems. It was used to update the existing control systems and employ
new technologies. In fact, BAS works as a control system that is computerized and consists of an
intelligent network of electronic devices. BAS helped to keep the building environment in the
specified condition and ensured the operational performance of the mechanical and electrical
systems. In case of failure and error in any of the automated devices such as Chillers, Boilers, Air
Handling Units (AHUs), Roof-top Units (RTUs), Fan Coil Units (FCUs), Heat Pump Units
(HPUs), and Variable Air Volume boxes (VAVs), the BAS sends an alarm to the Facilities
Department personnel. The Facilities Department has access to the BAS management system that
has information on the hospital floor plan, space plan reports, room locator, disaster plan, fire
extinguisher, life safety plans, HVAC, electrical system, plumbing system, medical gas plans, and
fire suppression site plan. As a result, the Facilities Department has control over some of the
energy consumption. It also enables the Facilities Department to recognize the source of any
potential problem and take immediate action to solve it.

4.3.4.2. New HVAC Systems
New HVAC systems were installed in both projects. The performance of the new HVAC
systems was improved in both projects, 1A and 1B, by employing new technologies. The HVAC
systems are one of the biggest energy consumers in healthcare facilities. In Case Study 1, the
system was designed and installed based on the Guidelines for Design and Construction of
Healthcare Facilities (2012). Improving HVAC control systems could potentially produce
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significant savings. The implemented measures related to the HVAC system in Case Study 1
included:


VAV air-handling units with air economizers: The supply air temperature of VAV
systems is constant and the air flow rate must vary to meet the rising and falling heat
gains or losses within the thermal zone served;



Pre-heat coils: In the air conditioning system, a coil is used to preheat air, which is below
freezing to a temperature somewhat above freezing, in advance of other processing;



Cooling coils: This is used to lower the temperature of the surrounding areas;



MERV 8 pre-filters: It is used to improve indoor air quality. MERV 8 is designed to
provide medium efficiency filtration and control contaminants such as Legionella and
dust;



MERV final filters: Designed to capture the greater percentage of particles on each pass
(more than 95% of particles);



Ultraviolet light air sterilizer: Ultraviolet light systems offer a natural approach to killing
airborne germs, viruses, odors, and preventing allergies without toxic chemicals;



Steam humidifiers: These are located downstream of the final filters to control relative
humidity. The proper steam humidification increases the patient comfort and helps to
improve efficiency.

4.3.4.3. Lighting
Electric lighting is one of the major energy consumers in healthcare facilities. Enormous
energy saving is possible by using energy efficient lighting equipment and effective design.
Moreover, lighting design affects visual performance by maintaining appropriate illumination. In
Case Study 1, by installing new lighting technology, there was a shift from fluorescent lamps to
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LED fixtures. This reduced the amount of electricity and the cost related to energy consumption.
There was a trade-off in using new lighting technology, even though sometimes the specific
requirements in the healthcare environment do not allow for the use of energy efficient lighting
systems in some places such as the Operating Rooms.

4.3.4.4. Electricity Distribution
Saving energy in healthcare facilities can have a significant environmental impact. By
reducing the energy consumption both environmental impact and cost will be addressed. In Case
Study 1, to reduce the cost of energy, the electricity distribution outside of the building converted
to 12,000 volt system, and it helped the healthcare provider to purchase electricity with a 30%
cost reduction from the utility company. This conversion had less than five-year return on
investment and average life expectancy for any of the equipment that were not less than twenty
five-year-old.

4.3.5. Enhancing Energy Efficiency and Patient Safety
Vibration was one of the main problems in Project 1A. The Linear Accelerator device
was sensitive to vibration, and needed to be turned off during vibration. New HVAC systems in
both retrofit projects included VAV, pre-heat coils, MERV 8 pre-filters, ultraviolet light air
sterilizer, and steam humidification. The energy load related to the HVAC increased during the
retrofit projects due to an increase in people traffic. In addition, in some of HVAC zones where
the new entrance doors were located in the prevailing wind direction, the air infiltration rate from
the opening increased. This increase in the infiltration rate ultimately increased the total and
HVAC energy use in the healthcare facilities. In both projects, the new additions were
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constructed next to the existing facilities. In the new buildings, the building perimeter per
building area ratio decreased. Therefore, there were fewer opportunities for natural daylighting.
The new buildings ultimately have a higher lighting EUI (Energy Utilization index (EUI) =
Energy/Area) as compared to the old buildings.
The tunnel that was constructed in the retrofit project in Project 1A (to provide
accessibility to the Linear Accelerator device for patients and staff), needed to be heated and
cooled to maintain a standard IAQ and temperature. The patients who needed to go through the
ICRA tunnel were those diagnosed with cancer and needed an exceptional level of care. It needed
part load which was not an efficient method. Coordinating all of the ongoing activities could
increase energy consumption. The construction of phase two of Project 1A was done mainly at
nights, and providing an adequate lighting system for the construction activities increased energy
consumption. Due to the condition of the work that needed to be done at nights, it was difficult
for the construction workers to pay attention to energy efficiency at night.
Coordination related to the change in parking lot location was one of the main issues in
Project 1B. The new parking could have used Photovoltaic (PV) panels, which generate electrical
power by converting solar radiation into direct current electricity using semiconductors that
exhibit the photovoltaic effect. Photovoltaic power generation employs solar panels composed of
a number of solar cells containing a photovoltaic material. Employing PV panels, Project 1A
could have provided patients an environment in which the temperature was not very different
from that inside the building. It could be used as a method of renewable-energy production. As it
can be concluded from Case Study 1, all the implemented ECMs save energy and influence
patient well-being during the lifetime of the healthcare facilities. Nevertheless, some of the
patient safety issues during the retrofit projects are not related to the embedded ECMs.
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4.4. Case Study 2
Case Study 2 is a fifty-year-old academic medical center with approximately 500 beds
and consisting of several health centers providing a wide range of services. The facilities provide
a combination of patient care, research, teaching, and community activities. The academic
medical center is growing gradually, and several additions and retrofitting projects are going on
to be able to comply with the demand of the community, patients, and their family. In this case
study, more than 200 construction projects ranging from small renovations to a large-scale
construction of new buildings are simultaneously in progress.

4.4.1. Retrofitting Approach/Requirements
Case Study 2 involves several construction projects to meet patients and community
needs. Some of the existing programs have been in the same space for a long time, thus requiring
upgrading and improvement to their existing facilities in order to enhance the operational features
of the existing buildings. In a large academic medical center like Case Study 2, relocation of
spaces and/or growth within a certain specialty as well as realignments of services are other
reasons for the retrofit.
The retrofit projects in this case study represent a wide range, including static and
functional upgrades to save energy. Static and functional upgrades include a space usage,
mechanical, electrical, and plumbing systems, fire alarm, fire protection, special need, or special
equipment improvements. Saving energy requires updating or renewing the existing equipment or
retrofit buildings. It is important to note that, regulatory issues are one of the other reasons for the
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retrofit projects that are driven by the Joint Commission (JC), Department of Health, Centers for
Medicare & Medicaid Services, and new requirements related to infection control issues.
Once, there is a request related to a new program or the construction of a new building,
the associated department needs to submit a business plan to the Facilities Department. If the
request relates to a retrofit project, or upgrading of equipment, it needs to be supported with a
reasonable purpose in order to be accepted. For example, the submission of a request to purchase
the newest MRI Scan Technology by the radiology department benefits the overall picture of the
healthcare facilities.
As explained above, many reasons are required as to know when, where, and why the
retrofit is needed. The Facilities Department is responsible for the budget preparation for the
departments that request capital funding, while some of the construction projects are based on
departmental funds that are carried on by the departments.
The preliminary budget estimation is undertaken according to the existing historical
information (cost per square ft.) associated with the similar previous construction projects such as
a high level clinical or medical offices.
In general, the number of project requests exceeds the available funding. Therefore, the
requests to be reviewed, evaluated, and prioritized according to the healthcare needs by a
committee called the Leadership Group. In Case Study 2, the committee was comprised of the
Chief Financial Officer, Chief Executive Officer, Senior Administrator of the department that
submitted the request, physicians, some of the senior officers, and staff. If the budget for a project
was not initially accepted, it may follow up in subsequent meetings. In the follow-up meetings,
the committee looks for a way to reduce the cost of the requested project. As the fiscal year is in
July every year, the departments develop their business plan and preliminary estimation and
submit their request to the Leadership Committee a few months in advance.
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After project approval, the request for proposal (RFP) is sent to the Design and
Engineering Group Firm. The Facilities Department has a list of professional designers who are
familiar with healthcare facilities‟ standards and undertook the essential training. In fact, the RFP
is sent to those qualified designers.
The design undergoes peer review and will be finalized, approved and signed off when
all the involved groups are in agreement. Once the design has been finalized, the project will be
advertised for bid with its terms and conditions, design parameters and drawings through the
Purchasing Department. Depending on the types of the projects, general, mechanical, and
electrical contractors are invited to attend the bid. In Case Study 2, a minimum of three bids is
required for each project. There is a list of qualified contractors who are American Safety and
Health Institute (ASHI) certified. The contractors are selected from the list. The workflow
process for the healthcare facilities construction projects is shown in Figure 4-29 and followed by
a detailed description of each project in Case Study 2.

4.4.2. Project 2A (Radiology Shell Space Fit-Out) Overview

The Radiology shell space fit-out project consists of renovation of about 9,500 sf. of the
hospital ground floor shell space. Construction of the shell space will take place in the next
several years in five different phases (Figure 4-30).
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Figure 4-29. Workflow process of retrofit projects of Case Study 2
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Figure 4-30.Layout of five phases of Project 2A

4.4.2.1. Business Case
The Radiology Department is one of the main sources of revenue in the healthcare
facilities. Improving the current situation of the Radiology Department was essential for Case
Study 2 to be able to comply with the demand of patients and their families as well as the
community. In this project the new MRI, imaging, control, and equipment rooms were needed to
enhance patients and physician satisfaction, improve timeline procedure, and availability of MIR,
CT, and reporting system. The Radiology Department is one of the essential components of the
steady revenue foundation in Case Study 2.
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4.4.2.2. Procurement Method
The cost of phase one of Project 1B was less than $500,000,00, thus the Purchasing
Department was responsible for the construction contract. The Purchasing Department issued a
Purchase Order to the selected contractor in a bid process. The purchase order included the cost
of all labor, materials, equipment, as well as supervising all of the items stated in the bid.

4.4.2.3. Contractor
The contractor came from a construction company that formed fifteen years ago. The
contractor has completed more than 1,000 healthcare facilities projects, office buildings, and
industrial buildings. Case Study 2 had previous work experience with the contractor, and as a
result the construction company was familiar with the healthcare facilities infrastructure proving
that was beneficial for both. It provided an opportunity for the Facilities Department to test out
the contractor with a variety of skills and experience. Secondly, the contractor acquired the ability
to develop a better insight into the healthcare facilities‟ culture, work process, and regulation.
Consequently, the contractor and the Facilities Department could collaborate very well during the
construction of Project 2A.

4.4.2.4. Construction Phases
Radiology shell space fit-out was determined to be completed in five phases, as follows:
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4.4.2.4.1. Phase One: Relocation of MRI#2
Phase one of Project 2A included the fit out of about 1,500 sf. of new shell space. This
project included construction of support rooms to provide new MRI, imaging room, equipment
room and control room (Figure 4-31 and Figure 4-32). The cost of the first phase was
approximately $1,000 K and was designed by qualified designers who were familiar with the
newest technology, standards, regulations, and requirements of the MRI.

Figure 4-31. Layout of phase I of Project 2A

Figure 4-32. Phase I: relocation of MRI#2
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4.4.2.4.2. Phase Two: Construction of New Biopsy/CT Suite
In the second phase of Project 2A a new Biopsy/CT suite of about 4,400 sf. will be
constructed in the shell space that cost more than $1,000 K (Figure 4-33). It includes a new CT
room, patient holding area for eight to ten patients, pathology lab space, nurses‟ station, patient
toilet, soiled holding, clean supply, and general support for the program. Phase two is still in RFP
stage. The RFP seeks to find a combination of a sophisticated design and latest technology that
comply with the healthcare regulation and requirements.

Figure 4-33. The shell space for construction of a new Biopsy/CT Suite

4.4.2.4.3. Phase Three: CT shell spaces #1 and #2
Phase three includes construction of new shell spaces for relocation of existing CT Suites.
The Radiology Department is requesting the project, according to the patients and community
demand to enhance the quality of services and employing the latest technology. The cost of the
construction project of phase three is in preliminary estimation stage. After project funding
approval by the Leadership Committee, the project will go through RFP, construction documents,
bid, project award and construction.
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4.4.2.4.4. Phases Four and Five
The usage of allocated areas for phase four and five, will be identified in the future.

4.4.2.5. Patient Safety-Assessment of ICRA Compliance
To be able to obtain the ICRA permit and comply with patient safety requirements the
following precautions were required to be implemented during the construction of Project 2B:


Rooms needed to be constructed of hard walls (drywall) with full-size doors with metal
frames;



The contractor was responsible for recording negative air pressure every day in the
negative pressure log prior to start of work;



Contractors had to wear shoe covers when exiting the job site and entering the hospital
space;



All renovation, construction, maintenance and tool carts leaving the construction area had
to be covered and the wheels wiped down with a bleach solution;



All materials/debris/trash needed to be removed from the job site with tightly covered
carts. The carts must be dirt/dust free to transport material outside of the work area.
ICRA classification level type for Radiology Shell Space Fit-Out was Type D, major

demolition and construction projects. The major demolition and construction projects might have
an impact on ongoing activities in the healthcare facilities (Figure 4-34).
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Case Study 2, Project 2A

Types of
Construction
Activities

Project takes place
under the Healing
Garden

Major demolition and
construction projects

Type D

Low
Low Risk
Risk

Level of
Infection Control
Interventions

Radiology shell space
fit-out

Patient Risk
Group

Radiology Shell Space Fit-Out

ICRA Permit

Class III/IV

ICRA permit is
required

Figure 4-34. Determination of class of precautions for Project 2A

4.4.2.6. Patient Safety Issues
Project 2A was constructed underground of the existing healthcare facilities where it had
a green roof on its roof (Figure 4-35). Interestingly, during the construction project of phase one
of Project 2A there was not any problem related to the patient safety.

Figure 4-35. The green roof of shell space fit out
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4.4.3. Project 2B (Allergy Clinic Relocation) Overview

Project 2B was constructed in an Outpatient Clinic that was a shared area between two
departments. In the past, Anesthesia-Pre-Op and Pediatric Infusion Center used to share the
Outpatient Clinic. The Anesthesia-Pre-Op was located on the north side while the Pediatric
Infusion Center was on the south side of the Outpatient Clinic. The Pediatric Infusion Center was
moved temporarily to the second floor of the Cancer Research Center building, and in the future,
will be permanently relocated to the Children Hospital. The south side of the Outpatient Clinic
was retrofitted, and the Allergy Department permanently moved there (Figure 4-36). The layout
of Outpatient Clinic is shown in Figure 4-37.

AnesthesiaPreOp

Allergy Clinic
Pediatric Infusion
Center

Figure 4-36. Allergy Clinic retrofit

Cancer
Research
Center
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Figure 4-37. Layout of the Outpatient Clinic

4.4.3.1. Business Case
The Allergy Clinic requested the Facilities Department to enhance their facility to
improve the quality of care as well as patient satisfaction. To address this, it was decided to
retrofit one part of the Outpatient Clinic and allocate the renovated area to the Allergy Clinic. The
new facility provides the state-of-the-art facilities to be able to comply with the healthcare
requirements.

4.4.3.2. Procurement Method
As the construction cost of Project 2B was less than $500,000.00, the contract was based
on the purchase order and under the responsibility of the Purchase Department. Approximately,
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ten contractors were invited to participate and four of them bid on Project 2B. The contractor was
responsible to provide all labors, materials, equipment, and supervise all the items in the bid. The
total cost of the project, including construction works and furniture in addition to the other costs
exceeded $900,000.00.

4.4.3.3. Contractor
The selected contractor for Project 2B was same as the contractor in Project 2A. As it is
explained in section 4.4.2.3, the contractor had previous work experience with Case Study 2 and
as a result the construction company was familiar with the healthcare facility infrastructure.

4.4.3.4. Construction Phases
The sequence of Project 2B included removal of existing equipment as well as minor
demolition and reconstruction that were completed in two phases as follows:

4.4.3.4.1. Phase One: Removal and Demolition
Prior to phase one of Project 2B, ICRA precaution measures needed to be implemented
and coordinated with all of the involved departments such as Anesthesia-Pre-Op and the Pediatric
Infusion Center. Patients or their family needed to be updated with the new location of Pediatric
Infusion Center and signs installed to guide visitors. The equipment removal and demolition of
floor finishing, coat rod and shelf patch wall, and counter top patch wall were done in phase one.
The removal and demolition plan of phase one of Project 2A is shown in Figure 4-38.
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Figure 4-38. Removal and demolition plan of phase one of Project 2A

4.4.3.4.2. Phase Two: Reconstruction
Phase two included reconstruction of the new counter guard, new corner guard, wood
chair rail, and enhancing the existing mechanical system. The reconstruction plan of phase two of
Project 2A is shown in Figure 4-39.

Figure 4-39. Layout of Project 2B

113
4.4.3.5. Patient Safety-Assessment of ICRA Compliance
To provide a safe environment for patients and staff during the construction projects, an
Infection Control representative, and the contractor and architect had a meeting to discuss ICRA
and provided a plan to determine the location of the ICRA barriers (Figure 4-40), anteroom and
worker entrance (Figure 4-41).

Figure 4-40. ICRA barrier

Figure 4-41. Anteroom and workers‟ entrance
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To obtain a work permit, paperwork needed to be sent to the Infection Control
Department. The permit was mandatory and needed to be acquired before starting the
construction work and required to be displayed in the entrance of the construction project
(Figure 4-42).

Figure 4-42. Work permit
ICRA classification level type for Allergy Clinic Relocation was Type D, major
demolition and construction projects. The Project 2B was built in a share Outpatient Clinic with
Anesthesia-Pre-Op. Consequently, it had a direct impact on Anesthesia-Pre-Op Department‟s
daily activities. Class of precautions for Allergy Clinic Relocation was determined as below
(Figure 4-43).
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Case Study 2, Project 2B

Types of
Construction
Activities

Outpatient Clinic

Major demolition and
construction projects

Level of
Infection Control
Interventions

Allergy Clinic
Relocaiton

Patient Risk
Group

Allergy Clinic Relocation

Type D

Medium
Medium Risk
Risk

ICRA Permit

Class IV

ICRA permit is
required

Figure 4-43. Determination of class of precautions for relocating Allergy Clinic

4.4.3.6. Patient Safety Issues
Noise and dust were recognized as patient safety issues during construction of Project 2B
that are explained as follows:

4.4.3.6.1. Noise
One of the main issues related to patient safety in this project was noise. The construction
activities occurred close to the Anesthesia-Pre-Op department. In some areas, the border of
Anesthesia-Pre-Op and construction project was only an ICRA Barrier (Figure 4-44).
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Figure 4-44. ICRA barrier
As a result, any noisy construction activities could be heard in Anesthesia-Pre-Op. The
construction project needed to be stopped several times due to the disruption to patients,
physicians, and staff. In these situations, the construction workers were notified by the
Anesthesia-Pre-Op‟s staff to stop the source of noise. Some of the construction activities were
done during the second shift or at night to minimize patient disruption. For example, MEP
Hangers-Punch was used in this project to punch hangers needed for installing the MEP system
(Figure 4-45). This equipment was very noisy and could be disruptive to patients and staff if used
during the daytime.

Figure 4-45. Hangers-punch
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Further explanation of the noise issues in Project 2B is articulated in Table 4-13. It shows
the following:


Construction activities, equipment and people involved in construction activities were
recognized as the source of noise in Project 2B;



Patient Impacts;



Mitigating actions/control measures that could prevent the noise issues.

Table 4-13. Patient safety issues and proposed mitigating actions related to the noise
Construction
Induced
Problem

Source







Noise related to
construction activities
 Duration of
activities
 Types of activities
Method of construction

Noise
Noise related to
construction
equipment
 Hangers-Punch

Noise related to people
involved in
construction activities
 Noisy
environment

Mitigating Actions/Control
Measures

Patient Impacts






Complaint
Anxiety
Frustration
Dissatisfaction
 Distress
 Exhaustion

Reduce work period
Develop work plan
Use of sound barriers
Temporary walls
Alternative construction
method
 Noise measurement
 Identify and mitigates noise
level related to the
construction activities
Identify and alternate the noisy
construction method
 Erecting noise barriers
 Develop a noise mitigation
procedure for measuring the
noise related to construction
equipment
 Authorized work hours such
as second or night shift for
construction work
 Make a smart notification
system to keep the
environment quiet
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4.4.3.6.2. Dust
Dust was another concern related to patient safety in Project 2B. The construction project
was next to Anesthesia-Pre-Op. It is important to note that Anesthesia-Pre-Op continued its daily
operation while the construction project was going on in the adjacent area. Special attention was
required to prevent dust from dispersing into the Anesthesia-Pre-Op. To address this, the
construction area required to be under negative air pressure and a chart recorder used to monitor
air pressure 24/7 (Figure 4-46 and Figure 4-47).
All the monitored information related to negative air pressure was documented and kept
for records. Facilities Department, Infection Control, and Contractor personnel that visited the
Project 2B, monitored negative air pressure to make sure the system of negative air pressure was
functioning properly. Mainly, the contractor was responsible for providing negative air pressure.
In Project 2B, the negative air machines produced 2000 CFM on high setting. A High-Efficiency
Particulate Air (HEPA) filter was used in the negative air machines. Filters to be qualified as a
HEPA, are needed to remove 99.97% of all particles greater than 0.3 micrometers from the air
that passes through the negative air machines.

Figure 4-46. Negative air machines in Project 2B
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ICRA
Permit

Figure 4-47. Chart recorder and ICRA permit on the construction entrance door of Project 2B

As the construction project was next to Anesthesia-Pre-Op, it required a lot of
out-of-hour services or in the second shift to prevent patient and staff disruption. Positive air
pressure was used in Anesthesia-Pre-Op to keep the environment free of dust (Figure 4-48).

Figure 4-48. Positive air pressure in Anesthesia-Pre-Op

The patient safety issues and proposed mitigation plan related to the dust in Project 2B is
presented in Table 4-14 and includes the following:


Source of dust in project 2B included construction and people‟ activities and
contaminated carts;



Patient Impacts;



An overview of mitigating actions/control measures that could prevent the identified
issues related to dust.
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Table 4-14. Patient safety issues and proposed mitigating actions related to the dust
Construction
Induced
Problem

Source

Dust related to
construction activities
 Demolition
 Construction
material

Dust

Patient Impacts

 Aspergillus
 Respiratory
diseases
 Sinus and
brain
infections
 Infection in
other parts of
the body: eye,
liver, bone,
heart, lung

Dust related to people
activities
 Workers and staff
movement from
the construction
site to the care
area
 Contaminated
carts,

Mitigating Actions/Control Measures

 Phase the sequence of
demolishing
 Control dust generation level
(low, medium, high) by using
adequate methods
 Installing Barrier
 Stop air flow from construction
site to care areas
 Provide negative air pressure
inside of the work area
 Monitore negative pressure with
an alarmed device
 Provide positive air pressure
inside of care area close to the
construction area
 Filter air constantly

 Specify traffic of patients and
staff
 Clean work areas routinely
 Educate workers, staff, patients

 Cover carts and wipe wheels with
a bleach solution

4.4.4. Energy Efficiency in Projects 2A and 2B
In Case Study 2, the Facilities Department was interested in the most energy efficient
methods for retrofit and new construction projects. In spite of the concern of the Facilities
Department regarding saving energy, the guidelines, standards, and requirements of healthcare
facilities were needed to be considered during the design and construction of the projects. For
instance, the healthcare facilities lighting and air change requirements needed to comply with the
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Safety and Infection Control Departments, and the healthcare facilities standards were not the
most energy efficient methods.
Return on investment was one of the main criteria for the Facilities Department to invest
in energy efficient equipment. In general, the Facilities Department invested in the energy
efficient equipment with a return on investment in three years or less. In case that range of return
on investment was increased to five to ten years, the Facilities Department evaluated the
equipment and gave the responsibility to the accountant to decide according to the healthcare
facilities priorities for budget allocation. The following measures associated with the energy
efficiency were implemented in Projects 2A and 2B.

4.4.4.1. Variable Air Volume (VAV)
In Project 2A there was no existing HVAC system serving the space. Therefore, the VAV
operating system was installed while in Project 2B the existing HVAC system upgraded to VAV.
The VAV control system provides adequate ventilation for occupied areas while avoiding
over-ventilation. The VAV boxes (Figure 4-49) were used to optimize the amount of supplied air
between minimum and maximum of Project 2A and 2B ventilation requirement.

Figure 4-49. Bottom view of typical VAV box
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4.4.4.2. CSA Heat Wheel Replacement
A heat recovery wheel system that reclaims a portion of the energy from the exhaust air
and returns it to the incoming outdoor air stream was installed (Figure 4-50).

Figure 4-50. Heat recovery wheel

4.4.4.3. Lighting Upgrade
Lighting was upgraded in retrofit projects of Case Study 2. The upgrades replaced
existing lighting ballasts, lamps and some fixtures with new higher efficiency components,
resulting in energy savings without the need to reduce lighting levels. An example of one of the
upgrades is shown in Figure 4-51 to Figure 4-54.

Figure 4-51. Original T12 fixture opened
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Figure 4-52. Original ballast and wiring exposed

Figure 4-53. New ballast installed and wired

Figure 4-54. Upgraded fixture
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4.4.5. Enhancing Energy Efficiency and Patient Safety
Interestingly, there were no patient safety issues in Project 2A because of the location of
the construction project. The project was part of a shell space with a green roof. As a result, the
project was completed on time and without any patient safety issues during the construction of
the project. Because the project was in a healthcare facility, acquiring IRCA permit was necessary
to be able to start construction activities.
Project 2B and Anesthesia-Pre-Op are located in the same building while
Anesthesia-Pre-Op was on its daily schedule. Therefore, Project 2B was very disruptive for
patients and staff of Anesthesia-Pre-Op. Noise and dust were recognized as the main source of
patient safety issues during construction of Project 2B. Two negative air machines were running
continuously to prevent dust dispersing to the adjacent area of the construction project and to be
able to comply with IAQ requirement in the healthcare facilities.
ICRA barriers were the only border between patients, staff, visitors and patients' families
in Anesthesia-Pre-Op and construction project. The barriers were not noise resistant, and people
in Anesthesia-Pre-Op could suffer from noise. Therefore, to be able to provide a safe environment
for patients, the majority of the construction activities were done in the second shifts or at nights,
which caused more energy usage during the construction project.
In project 2B, HVAC systems were upgraded and the VAV operating system was
installed. The new technology delivers the required amount of conditioned air for the Allergy
Clinic that enhanced IAQ. VAV system can be programmed to be able to comply with different
environmental conditions. Interestingly, the upgraded components in HVAC systems are under
warranty and can be replaced or repaired in case of any dissatisfaction of maintenance people.
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4.5. Case Study 3
Case Study 3 is an acute-care facility composed of an academic medical center, school of
medicine, community and specialty hospitals. The healthcare facility has about 2,300 licensed
beds, receives more than 115,000 inpatient and outpatient visits annually, and provides a full
range of health services. Case Study 3 is a building complex in which each wing was constructed
in different time. The south wing is the oldest building that constructed more than eighty years
ago. It has experienced several construction projects and continuous renovations, expansions, and
additions for constant development of the healthcare facility. Case Study 3 looks at opportunities
for improvement, innovation, and enhancing the quality of the care in their retrofit projects.

4.5.1. Retrofitting Approach/Requirements

Major retrofit projects in Case Study 3 start with a strategic plan or business case. The
business cases are based on user needs, available budget, and existing spaces. Expansion of a
clinical area, the addition of a new department, new research, or a new technology are some
reasons for the retrofit projects. The Planning Department and Facilities Department collaborate
to decide on retrofit projects and participate in the meetings with users, higher management level,
CEO, and the Finance Department to decide on the feasibility of the retrofit projects in each fiscal
year. Many factors play into the final decision, and it is a back and forth process to determine
available budget, user needs, best practices in the other healthcare facilities, end-user demands,
how to relocate an existing department or office to provide free space for construction projects.
For example, NICU (Neonatal Intensive Care Unit) was considered for half of the current
allocated floor, and in the meeting with users (physicians and staff), it was realized that the
allotted half size of the floor was not enough to meet users (patients)‟ demand. As a result, it was
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decided to retrofit all the currently allocated space, and the project was delayed starting.
Additional time was needed to build some offices and make more spaces available before
relocating the existing departments and offices.
The project managers are required to estimate the initial budget based on the square
footage cost of a similar project, historical data, and duration of the project from design to
construction, internal and external cost, and previous experience. Sometimes, the estimation is
given to an outside cost estimator to estimate the cost of a project based on defined scope and
location of the project in the healthcare facilities. As it is stated in Section 4.6. Case Study 3, each
wing was constructed in a different time and depending on the location of the projects, there
might be infrastructure or asbestos abatement issues. It is important to know the condition of an
existing floor for a retrofit project for estimating and planning purpose. To acquire this
information and know what to expect, healthcare facilities‟ Chief Engineer who is familiar with
the infrastructure provides input or an outside consultant is hired to evaluate the existing
conditions. Subsequently, the estimation will be done and after the budget approval, an
architectural company will be selected to design the project and provide the drawings and
estimate the cost. Then, the facilities department works with the finance department to release the
funding. Meanwhile, the RFP is sent to the construction management companies and one of them
will be selected based on the suggested price, healthcare work experience, and familiarity with
the Case Study 3. The selected construction management company invites specialty contractors to
bid for the retrofit project and work on the GMP to present it to the Facilities Department. The
GMP is based on the final estimate and specialty contractor‟s suggested price. After GMP
approval by the facilities department, the specialty contractors will be awarded through the
construction management company and begin the retrofit project according to the starting date in
the contract. The workflow process for the retrofit projects in Case Study 3 is shown in
Figure 4-55 and followed by a detailed description of NICU project in Case Study 3.
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Figure 4-55. Workflow process of retrofit projects of Case Study 3
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4.5.2. Project 3A (NICU) Overview
Project 3A is NICU (Neonatal Intensive Care Unit) replacement that covers a total area of
38,000 sf. and cost approximately13 million dollars. The duration of the construction project is
nine months, and it is located on the fourth floor of one of the existing facilities. The layout of the
construction projects is illustrated in Figure 4-56.

Rehabilitaiton
Department

Figure 4-56. Layout of Project 3A

4.5.2.1. Business Case
Currently, there is more emphasis on family, level of comfort and moving from
semi-private to private room. The experience of being in the hospital becomes more satisfactory
when mother and baby are in the same room. This contributes to the welfare and health of the
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newborn baby. Research also shows that in a single room, babies make more progress. In
addition, other hospitals are moving to a private room for NICU department, and looking at the
other hospitals‟ current practices, learning from their experience. To be competitive, these new
practices need to be implemented.

4.5.2.2. Procurement Method
The Construction Management Company had an in-house estimating team that worked
on Project 3A to calculate the cost of the project. In fact, estimation was done to have a
benchmark during the bidding process. Several specialty contractors were invited to bid for
twelve bid packages. The specialty contractors were selected based on their bid price, post bid
interview performance and previous work experience in active healthcare projects. Subsequently,
GMP was provided and sent to the owner for approval. GMP was approved, and twelve
contractors were awarded to work on Project 3A.

4.5.2.3. Contractor
A construction management company was hired to manage the project in Project 3A. The
company was founded 90 years ago to provide general contracting services. The company has
been providing construction management services in addition to the general contracting services
for more than forty years. The company has been providing services for schools, universities, and
nonprofit organization as well as healthcare providers and hospitals. The company‟s construction
management services for healthcare facilities began more than thirty years ago. The construction
company had previous work experience with the owner. The construction project was located
within walking distance from the construction company and as a result the project team consisting
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of project executive, senior project manager, project delivery specialist, pre-construction
manager, estimator, assistant project manager, project superintendent, safety manager and field
accountant were in the same area. There was no need to bring a project team from other branches
of the Construction Management Company to the location of Project 3A.
The Construction Management Company bid on the project and hired 12 specialty
contractors, including Infection Control Risk Assessment, Selective Demolition, Architectural
Woodwork, General Trades, Drywall and Acoustical Ceilings, Aluminum Windows and Glazing,
Flooring, Painting and Wall Covering, Conveying Equipment, Fire Suppression, Plumbing and
Mechanical, and Low Voltage Electrical. Before the bid, there was a pre-bid meeting to explain
the complexity of the project, several phases of the construction project and the impact on the 3 rd
and 5th floors, followed by a visit to the mock-up of the project. After the bid, there was an
individual post-bid interview meeting with each category of specialty contractors (tow to four)
were selected from each of the twelve categories base on their suggested price). During the
post-bid interview meeting, their related work experience, past experience with the owner, and
unclear items in their bid were reviewed. In addition, the specialty contractors got an opportunity
to ask their questions and concerns related to the project.

4.5.2.4. Construction Phases
Project 3A was the replacement of the 4th floor of the north wing of the existing
healthcare facility to build a new 52 private bed NICU. Fourth floor of the north wing was
occupied with different departments and offices. To start the construction project, the existing
offices and departments on the 4th floor were required to relocate. The relocation of existing
facilities was not an easy procedure and needed coordination with the other departments to find
out about the availability and possibility of using their spaces.
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The north wing was required to be evacuated prior to start of Project 3A because of
asbestos abatement. As the building was constructed several years ago, asbestos was used for
insulation and needed to be removed safely during the demolition. Asbestos removal was not the
only means of asbestos abatement. Asbestos and asbestos-bearing materials were needed to be
removed to protect hospital occupants from being exposed to the fibers of asbestos.
Material and construction personnel were not permitted to use the hospital elevators. The
rear staircase was assigned to the construction personnel, and a hoist was installed in the back of
building for material and personnel movement, as shown in the site logistics plan (Figure 4-57).
Project 3A construction activities impacted the 3rd and 5th floors. For example, all
demolition and disposal of sanitary, vent and storm water pipe for the 4th floor risers‟ replacement
required demolition of the 3rd floor above the ceiling and 5th floor under slab replacement. To
minimize the impact of construction activities on the 3rd and 5th floors, Project 3A was divided
into several phases.

Figure 4-57. Construction site logistics plan
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4.5.2.4.1. Phase One to Seventeenth
Third floor consists of the Department of Medicine, Hemodialysis, Nephrology,
Endocrine, E P Lab, G I Endoscopy, and E P Office, whereas fifth floor covers patient rooms,
Pediatric Oncology, and Offices. The stated departments were needed to perform their daily
schedule during the nine-month duration of Project 3A. To reduce the impact of construction
activities on the daily schedule of 3rd and 5th floors, construction project was divided into
seventeen phases. An investigation was performed prior to phasing the construction activities to
clarify 3rd and 5th floor conditions, including type of departments, working hours, type of
construction works (new, demolition, new/demolition), accessibly to piping systems (basic,
moderate, difficult), type of ceiling (ACT, GYP), risers, mechanical, electrical, and HVAC
systems.
All the specialty contractors were organized to work together to minimize the duration of
the construction project and disruption to other departments on the 3rd and 5th floors to be able to
finish Project 3A on time. It was important to work on each part of the 3 rd, 4th, and 5th floor at the
same time because of the connection between some of the systems on all three floors. For
example, an old riser on 4th floor needed to be removed, and a new one installed; the riser on the
3rd and 5th floor needed to be replaced as well. Thus, to prevent any duplication of work in an
area, teamwork, coordination and following the schedule were the main factors. Working on any
of the departments or offices needed coordination with the facilities department, physicians, staff,
patients, IC Department, and schedule for the outage. Outages were scheduled where there was
the potential of disrupting supply air, exhaust fan, heating water, chilled water, domestic water,
medical gas, sprinkler, glycol, sanitary, and storm water connection to risers and floor insulation.
There was a weekly meeting with the owners from operation and maintenance departments to
review and approve outages ten days in advance. The contractors were not permitted to shut

133
down, or turn-off any utilities. The Facilities Department was assigned a representative to shut
down or turn off any of the utilities based on the outage schedule.
Combination of removal of existing and installation of new windows needed to be
coordinated with the demolition specialty contractors. The demolition specialty contractor was
responsible for providing OHSA safety rails for fall protection purpose to appropriately secure
openings and installing temporary weather protection to prevent wind, rain, or snow penetration
into the building.
Specialty contractors were required to provide all labors and materials to be able to meet
the schedule of Project 3A. To avoid any waiting time for the material arrival to the construction
site, the specialty contractors required early shipment of materials and stored them in advance. It
was requested by the owner and was agreed to compensate for the extra cost for storing material.

4.5.2.5. Patient Safety-Assessment of ICRA Compliance
The construction activities were divided into seventeen phases to minimize disruption to
the other departments. An ICRA permit was required for all the seventeen phases of the
construction project. All the specialty contractors were required to participate in a mandatory
training to get the security badges before moving to the job site. They needed to comply with
Infection Control requirements, Interim Life Safety Measures, and all the rules and regulations
defined by the Facilities Department. The daily report and weekly tool box talks to be submitted
by the specialty contractors to the Construction Management Company.
Some of the departments that providing patient procedures such as the hemodialysis
department were working six days a week and the specialty contractors had to perform all the
work on off hours and Sundays. Occasionally, those departments had extended daytime work as
well. The specialty contractors were obliged to schedule off-hours and weekends work and obtain

134
the work permit from the Facilities Department in addition to the Construction Management
Company. Prior to the start of all work shifts (day, night and weekend), ICRA barriers were
installed and maintained during work hours. At the end of each shift, the construction area was
cleaned, and ICRA barriers were removed. A two-hour lag between finishing the construction
work shift and the department starting time work was necessary to be able to clean and remove
ICRA barriers. Determination of class of precautions for seventeen phases is illustrated in
Table 4-15.

Table 4-15. Determination of class of precautions for Project 3A

Phase
no.

Department

Description

ICRA

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17

Department of Medicine
Department of Medicine
Department of Medicine
Hemodialysis
Hemodialysis
Hemodialysis
Department of Medicine
GI Endoscopy
EP Lab
GI Endoscopy
EP Lab & GI Endoscopy
EP Lab
EP Lab
Endocrine
Nephrology
GI Endoscopy/ Nephrology
Nephrology

New
Demolition
Demolition/New
Demolition/New
Demolition/New
Demolition/New
Demolition/New
Demolition/New
New
Demolition/New
Demolition/New
Demolition/New
Demolition/New
Demolition/New
New
Demolition/New
Demolition/New

II
II
II
II/III
III
III
II
II
II
III
III
IV
IV
II
II
II
II
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4.5.2.6. Patient Safety Issues
The specialty contractors were required to notify their supervisors and the owner of any
potential patient safety issues that might occur in the construction site. The following issues were
identified as the main sources of patient safety issues during the construction of Project 3A:

4.5.2.6.1. Noise and Vibration
Noise and vibration are two sources of patient safety issues in Project 3A. As it is stated
in section 4.5.2.4., the construction activities on the 4th floor had an impact on the 3rd and 5th
floors. Noise related to construction activities, and equipment could be disrupting to patients and
staff. Hence, specialty contractors were needed to use equipment and tools that minimize noise
and vibration (Table 4-16). Noisy equipment and activities needed to be performed during
off-hours. It was the specialty contractor‟s responsibility to anticipate an interruption of services,
temporary relocations, area closures, and extra cost.
Table 4-16. Patient safety issues and proposed mitigation actions related to the noise & vibration
Construction
Induced
Problem

Source

Construction
equipment
 Core drills

Noise &
Vibration

People involved in
construction activities
 Noisy
environment

Patient Impacts






Complaint
Anxiety
Frustration
Dissatisfaction
 Distress

Mitigating Actions/Control
Measures

 Recommended coring
equipment
 Authorized work hours such
as second or night shift for
construction work
 Make a smart notification
system to keep the
environment quiet
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4.5.2.6.2. Coordination
Coordination among specialty contractors as well as coordination with the owner and
different departments in the healthcare facility was very important for the safety and well-being
of patients, visitors and staff. Lack of coordination could increase the cost and duration of the
retrofit project. As Project 3A was involved with 3rd and 5th floor activities, coordination was very
important so that these two floors could maintain their daily activities.
To minimize outages and disruption periods to other departments, specialty contractors
were required to provide all labor, early shipment of the required materials and temporary
services prior to outages to be able to finish the scheduled work during the allocated time and
prevent work repetition. The specialty contractors were required to submit the outage request ten
days in advance before the outage. The patient safety issues and proposed mitigation plan related
to the coordination in Project 3A is presented in Table 4-17.
Table 4-17. Patient safety issues and proposed mitigation actions related to the coordination

Construction
Induced
Problem

Coordination

Source
Construction activities:
 Demolition
 Change of work
sequence
 Inadequate planning
 Insufficient
communication
 Duration of
activities
Outage:
 Mechanical systems
 Electrical Systems
 Fire suppression

systems
 Fire watch

Patient Impacts

 Complaints
 Lost the chance to get to
the appointment
 Dissatisfaction
 Patient and staff
confusion
 Error

 Medical gas
 Medical ventilator
 Air flow monitor

Mitigating
Actions/Control
Measures

 Pre-construction
coordination
 Provide Real time
information
 Plan ahead of
project
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4.5.2.6.3. Asbestos
Project 3A was located on the north wing of the hospital that was constructed more than
fifty years ago. Some of the materials that were used including spray on fire proofing patches,
pipe insulations, fire stops on the walls (red sealant), and duct insulations contained asbestos.
Demolition, including removing of CMU walls, GWB partitions from floor to deck, CMU and
GWB column covers, doors, interior windows, frames, case work and fire extinguisher cabinets,
MEP systems, duct work, baseboard heaters, plumbing fixtures, and lighting fixtures throughout
Project 3A, required asbestos removal. Asbestos removal could cause it to be air-born, and
air-borne asbestos fiber could be inhaled into the lungs and penetrate into lung tissue.(Table 4-18)
Construction workers, patients and their visitors, physicians, and staff could be exposed to
asbestos as well. The asbestos abatement procedure was required to be done by a specialty
contractor and air-born dust was needed to be prevented from dispersing into the atmosphere.
Demolition and asbestos removal was performed before other activities to prevent any problem.
Table 4-18. Patient safety issues and proposed mitigation actions related to the asbestos
Construction
Induced
Problem

Asbestos

Source

Patient Impacts

Duct insulation:
 White seam sealant
 Yellow seam sealant
Fireproofing:
 Spray on fireproofing
 Asbestosis
 Spray on fire proofing patches
 Lung cancer
Pipe:
 Mesothelioma
 White mud insulation on
vertical pipe
 Elbow sealant connection
Wall:
 Fire stops on walls

Mitigating Actions/Control
Measures

 Visual inspection before any
action
 Bulk sampling and lab
analysis
 Demolition be done in one
phase
 Isolate area during the
asbestos abatement
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4.5.2.6.4. Dust
Project 3A was close to patient care units and setting up the ICRA barriers were
mandated. A designated professional from the Infection Control Department collaborated with the
project manager and an outside consultant to decide on the method of space isolation and
prevention of dust migration. All the penetrations such as the connection of the wall to the ceiling
that were not sealed properly, needed to be closed prior to demolition, to prevent dust dispersion.
Negative air machines were used and monitored from outside of the construction site. Patient
safety issues and proposed mitigating actions related to the dust in Project 3A is articulated in
Table 4-19.

Table 4-19. Patient safety issues and proposed mitigating actions related to the dust
Construction
Induced
Problem

Source

Dust related to
construction activities
 Demolition
 Construction
material
Dust

Dust related to people
activities
 Workers and staff
movement from
the construction
site to the care
area

Patient Impacts

 Aspergillus
 Respiratory
diseases
 Sinus and
brain
infections
 Infection in
other parts of
the body: eye,
liver, bone,
heart, lung

Mitigating Actions/Control Measures
 Control dust generation level
(low, medium, high) by using
adequate methods
 Installing Barrier
 Stop air flow from construction
site to care areas
 Provide negative air pressure
inside of the work area
 Monitor negative pressure with an
alarmed device
 Provide positive air pressure
inside of care area close to the
construction area
 Filter air constantly
 Specify traffic of patients and
staff
 Clean work areas routinely
 Educate workers, staff, patients
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4.5.3. Energy Efficiency in Project 3A
In Case Study 3, cost of energy is approximately $26 per minute. The Facilities
Department pursues an energy consumption program to implement ECMs such as changing light
bulbs, installing LED fixtures, controlling temperature, hand dryers, operating rainwater recovery
systems, mounting solar farm, and using heat recovery chillers. In addition, all the construction
projects, including new buildings and retrofit projects are LEED certified. LEED is used as a
method to implement sustainable practice and reduce energy consumption. The following
measures were used in Project 3A:

4.5.3.1. Automated Logic
Automated Logic is the building automation system that was used in Case Study 3. It
provides building management solutions to enhance energy efficiency as well as occupant
comfort. It was used to control and monitor healthcare facility‟s heating, air conditioning and
lighting systems. Automated Logic is used to be able to schedule mechanical and electrical
systems according to the requirement of each department in Case Study 3. The system makes a
notification alarm in the event of equipment malfunction or failures.

4.5.3.2. Water Use Reduction
Project 3A was targeted to reduce water consumption by twenty percent from the
building‟s water consumption baseline. To achieve the targeted water use reduction, fixtures with
a lower flush and flow rate needed to be installed.
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4.5.3.3. Lighting
Premature birth has an impact on a baby‟s circadian rhythm development. Circadian
rhythm is an endogenous and biological process of the 24-hour period of a day. Although,
circadian rhythm is originating from within, it is affected by environmental conditions. To
enhance a baby‟s interactions with the environment, the lighting systems were designed to
resemble the 24-hour period of a day based on the circadian rhythm.
Lighting systems were planned to reduce energy consumption by more than ten percent
in Project 3A. Space-by-space method was used to recognize the opportunities for implementing
ECMs, and T5 fixtures were planned to be replaced with LEDs to improve lighting performance.
The lightning switch in the patient‟s room had several buttons such as nurse, family, all on, and
all off to separately control different receivers (Figure 4-58).

Figure 4-58. Lighting switch in Project 3A

Lights are controlled by two different controls, normal and emergency (fifty percent
each) to provide enough illumination in case of an emergency if a baby needs to go under a
treatment procedure. The controls were installed in the patient rooms under the wall, and for
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maintenance and repair purposes, the room will be closed, and the problem will be fixed without
any disruption to other areas.

4.5.3.4. Indoor Air Quality (IAQ)
The IAQ management plan was implemented during the construction and pre-occupancy
phases of Project 3A. A retired abatement contractor who is working with different hospitals as a
consultant was responsible for IAQ during construction of Project 3A. The consultant determined
how many negative air machines were required in each project according to the location, size, and
type of a construction project. The consultant performed an IAQ investigation with a baseline
reading prior to the construction phase of the project and measured the particle concentrations. A
weekly reading was done during the construction phase to maintain the air quality level in
collaboration with the Infection Control Department in order to recognize any changes in the
particle concentrations. In the event of any changes in an IAQ testing report, the reasons for the
variation were identified.

4.5.3.5. Outdoor Air Quality
Carbon Dioxide (CO2) sensors and controls were installed between three to six ft. from
each other to monitor outside air ventilation systems and alarm when the level of CO2 be different
by ten percent or more from the design values.
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4.5.3.6. HVAC and Thermal Comfort
Thermal comfort controls were provided for HVAC and mechanical systems in all the
patient rooms, shared multi-occupant spaces, and minimum of fifty percent of the remaining
space of Project 3A. Thermal comfort verification was required for Project 3A. To be able to
verify the occupant‟s thermal comfort level, a survey will be done within six to eighteen months
of post occupancy. In case of more than twenty percent dissatisfaction, corrective action is
required to be taken to provide thermal comfort for occupants.
A separate set point group was provided for mechanical systems that allow adjustment of
zone set point separately in any locations in Project 3A. The zone set point shall automatically
decrease when it is selected for lower power consumption. It enables occupants to adjust the zone
temperature heating and cooling set point. It helps to keep all the controls in the same department
to be able to adjust or repair without disrupting other departments and have a better maintenance.

4.5.3.7. Increased Ventilation
The outdoor air ventilation rate was increased to a minimum thirty percent in all the
occupied areas and patient rooms. Increasing ventilation and using more outside air, increases
energy consumption while improving IAQ has a direct impact on safety and well-being of
patients in Project 3A.

4.5.3.8. Electricity
In Project 3A, a minimum of fifty percent of electricity was planned to be provided
through green energy for two years. The healthcare facility planned to contract with a company
that provides electricity from a renewable-energy source.
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In addition, energy consumption is in high demand during the summer and the Energy
Company that provides electricity for Case Study 3, contacts the Facilities Department and
requests to decrease energy usage from the grid. To comply with the request of the Energy
Company, Case Study 3 gets their electrical cells out of the grid and runs generators to provide
electricity during the summer and the Energy Company sends a check for the provided support.
The support from Case Study 3 and other organization enable the Energy Company to sell more
energy to customers in residential areas. This method of energy consumption is cost-effective and
benefits financially Case Study 3 while it does not save energy.

4.5.4. Enhancing Energy Efficiency and Patient Safety
Project 3A is planned to be a LEED Silver certified. Therefore, an early understanding of
interactions between technical systems and patients was important. All the construction team
(owner‟s project managers, biomedical engineers, Construction Management Company‟s project
manager, and architects) and end-users (physicians, nurses, Infection Control representative)
participated in the mock-up review to provide their input to figure out the best configuration for
the patient room, number of monitors, location of equipment, electrical switches, air circulation
systems, lighting systems, type of sink and nurses‟ stations. It was not easy to have technical
personnel and end-users in the mockup project at a same time to get their feedback because of
their busy schedule, and it needed coordination with physicians, architects, an outside consultant,
and MEP designer.
To have an integrated decision throughout the design and construction process
engagement of all the key project members are necessary. As the procurement method of Project
3A was design-bid-build, the input from end-users and Construction Management Company were
not implemented during the design phase, and it caused lots of review and redesign.

Chapter 5
THE PATSiE FRAMEWORK

5.1. Introduction
The results of the literature review (presented in Chapter 2) and case studies (described in
Chapter 4), highlighted the importance of integrating patient safety and energy efficiency in the
retrofitting of healthcare facilities. In order to facilitate this integration (PATSiE) Framework has
been developed. This chapter provides the detailed steps taken to develop the Framework. The
PATSiE Framework described the requirements for the retrofitting of healthcare facilities and
well-being and safety of patients who are the main goals of healthcare facilities during the life
cycle of the retrofit projects. Consequently, patient safety (PS) counts as a primary requirement,
and energy efficiency (EE) as a secondary requirement. The requirements are different before,
during, and after the retrofit projects. The PATSiE Framework is intended to be used to determine
how PS and EE can reinforce each other and to identify potential conflicts.
It is important to note that the emphasis on PS and EE needs to be addressed during
feasibility and design phases to be able to investigate potential PS issues and prevention methods
as well as to evaluate ECMs (Energy Conservation Measures) to be able to select and implement
them. The PATSiE Framework was developed to address the highlighted issues from the
literature review and case studies. PS and EE are the basis of the PATSiE Framework
development. The focus is on the connection between healthcare facilities, PS, and EE that is
shown in Figure 5-1.
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Figure 5-1. Basis of the PATSiE Framework development

5.2. Aim and Objectives of the PATSiE Framework
The development of the PATSiE Framework was one of the objectives of this study. The
aim of the PATSiE Framework is to provide an integrated approach to simultaneously ensure PS
and EE in the healthcare retrofit projects. The specific objectives of PATSiE are as follows:


To define a structured approach that enables healthcare providers to define their roles and
responsibilities as well as those of other stakeholders with respect to PS and EE;



To identify and track the requirements for PS and EE in all phases of the healthcare
facilities retrofit;



To enable healthcare facility managers to better understand PS and EE issues related to
retrofiting projects in all phases of the construction projects;



To enable decision-makers to make the proper decision in selecting ECMs and to meet
PS requirements;
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To enhance opportunities for the mutual improvement of PS and EE in healthcare
facilities retrofit. This can be achieved by improving information flow.

5.3. Development and Considerations of the PATSiE Framework
The PATSiE Framework provides a structured process for healthcare facilities retrofit
projects to ensure PS and EE throughout the life cycle of construction projects. To develop the
Framework several steps were taken and guided by different factors, these include:


Identified research gaps and problems from the literature review;



The expected research contributions (section 7.4) that can be used to bridge research gaps
and solve the problems;



The implications of the framework derived from the case studies results and analysis.
In order to develop the PATSiE Framework, it was necessary to establish what is needed

to be considered during the retrofit projects. Accordingly, the considerations broken down into
five segments included approach, practice, requirements, infrastructure, and integration that were
taken into account to be able to integrate PS and EE (Figure 5-2). The first consideration deals
with the healthcare industry vision and how the healthcare providers embrace changes in the
retrofit projects. The second consideration provides an overview on how the retrofit projects are
practiced and the third presents the requirements and what is needed to be addressed in the retrofit
projects. The fourth consideration deals with the existing infrastructure and how the existing
facilities can be fed into the retrofit project. The last consideration deals with how to integrate PS
& EE.
The literature review and the case studies show that various methods, documents, and
guidelines are used to address PS or EE separately in the healthcare facilities retrofit projects. It
was prudent to provide a systematic guidance to be able to enhance PS and EE. To address it,
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IDEF-0 functional modeling method was used to develop the PATSiE Framework to present
decisions, actions, and activities during the healthcare facilities retrofit projects. The IDEF-0
model displays inputs (entering arrows from the left), controls (entering arrows from the top),
mechanisms (entering arrows from the bottom), and outputs (exiting arrows from the right) for
each activity. The PATSiE Framework is discussed in details in the next section.

5.4. PATSiE Framework
The top-level IDEF-0 diagram of the PATSiE Framework includes an activity, Enhance
PS & EE in Healthcare Facilities Retrofit Project that is illustrated in Figure 5-3. The activity
transforms the inputs, including project stakeholders and project documents to a list of mutually
beneficial ECMs /patient-friendly ECMs. Retrofit project context, and healthcare facilities
regulations are used as controls and retrofit project resources (available human resources and
skills, available budget, material, equipment, and existing infrastructure), Role Definition
Template (RDT), Issues Identification Questionnaire (I²Q), control measures, historical energy
data, and interaction matrix as mechanisms.
The top-level IDEF-0 diagram has been broken down into five processes. The processes are
developed according to the PS needs and ECMs to address the issues related to the healthcare
facilities retrofit. To achieve the objectives of the framework, it is important to note that the
framework needs to be implemented from the earliest stage of the retrofit projects. However, the
PATSiE framework covers the life cycle of healthcare facilities retrofit from the feasibility study,
design, pre-construction, and construction, to the operation and maintenance phase to be able to
correspond to the standard breakdown of the construction process.
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Figure 5-3: The top-level IDEF-0 diagram for the PATSiE Framework

The main processes of the PATSiE Framework, including Define Stakeholders’ Roles
and Responsibilities, Identify and Track Requirements, Determine PS Issues, ECMs Selection,
and Identify Opportunities for the Mutual Improvement of PS & EE are shown in the IDEF-0
diagram in Figure 5-4. These main processes are broken down further and explained in the
following sections:

5.4.1. Define Stakeholders’ Roles and Responsibilities
The first process of PATSiE Framework is Define Stakeholders’ Roles and
Responsibilities. It is broken down into three sub-processes (Figure 5-5) including, Define Project
Details, Identify Required Skills, and Determine Stakeholders as described below:
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Figure 5-5: Define stakeholders‟ roles and responsibilities

5.4.1.1. Define Project Details
The inputs for this activity are project‟ stakeholders as well as personnel chart and project
documents. The controls for this sub-process include the retrofit project context and healthcare
facility regulations. The key output of this sub-process is the details of the retrofit project with
regard to PS & EE. The mechanisms for this activity are role definition template (RDT) and
retrofit project resources. The retrofit project resources are limited in construction projects.
Therefore, resources such as available human resources and skills, available budget, material,
equipment, and existing infrastructure are used as the mechanisms for this activity. RDT can be
developed based on a list of project stakeholders, and personnel chart of each retrofit project. An
example of the RDT is shown in Table 5-1.
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Table 5-1. Role Definition Template (RDT)
Title

Role

Infection Control

To ensure patient safety before, during and
after retrofit project

Responsibilities
- Provide training for contractors
- Supervise ICRA implementation
- Approve contractors‟ activities related to ICRA implementation
- Involved in the design process to ensure the design comply with the infection control
requirements
Title
Role
Facilities management

Managing retrofit project from feasibility study
to operation and maintenance

Responsibilities
- Provide input during the feasibility study
- Decide on how executable a retrofit project is
- Select architects, designer and contractors through bid process or hiring a CM
- Collaborate with IC to ensure patient safety
- Monitor and supervise progress of contractors
- Decide on the proportion of energy saving
- Participate in selecting the ECMs
- Ensure patient safety
Title
Role
Physicians and nurses

Providing care for patients and input for other
stakeholders

Responsibilities
Provide input during the design and construction
Title
Role
Adjacent departments
Responsibilities

Providing care for patients

Collaborate with contractors and Facilities Department to ensure patient safety
Title

Role

Energy managers
Responsibilities

Saving energy

- Provide input and be involved in all phases of the retrofit projects
- Recognize potential ECMs
- Estimate cost of ECMs
- Estimate the payback time
- Being updated with the newest technology
- Collaborate with other stakeholders and provide them with the advantaged of ECMs
implementation
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Title

Role

Contractor
Responsibilities

Constructing retrofit project

- Comply with infection control requirements
- Construction of the project, according the design and plan
- Collaborate with the Facilities Department
Title
Role
Architect and designer
Responsibilities

Design project

- Develop design and plan
- Implement feedback from physicians and nurses during the design process
- Collaborate with contractors to ensure the constructibility of the design
- Comply with the healthcare requirements
- Design based on the healthcare facilities‟ goal

5.4.1.2. Identify Required Skills
It is important to push boundaries, enhance current practice, and implement new
techniques and technology to mutually enhance patient safety and energy efficiency and be
competitive in the healthcare industry. To address this, it is necessary to identify required skills
based on the need of each retrofit project.
This sub-process deals with identifying required skills based on the output of Define
Project Details (previous sub-process). Details of the retrofit project can be extracted and fed into
this activity. The controls for this activity are: retrofit project context and healthcare facility
regulations. The mechanisms for this activity are role definition template (RDT) and retrofit
project resources (available human resources and skills, available budget, material, equipment,
and existing infrastructure).
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5.4.1.3. Determine Stakeholders
The inputs for this sub-process are project‟s details related to PS and EE and identified
required skills. The key output is a list of stakeholders‟ roles and responsibilities. It is important
to have input from the stakeholders at the earliest phase of a retrofit project to eliminate rework,
changes, and duplication of any construction activities. For example, input from the physicians,
nurses, and contractors during the design phase helps the architects to design according to the real
needs of the end-users, and the design will be more practicable and constructible.
The delay in providing input from other stakeholders cause re-design and re-construction
that affect the cost and schedule of the project. Stakeholders vary from one project to another,
depending on the personnel chart, organization configuration, the nature of the project, and
end-users. In general, stakeholders include patients, Infection Control Department, Facilities
Department, Safety Department, Security Department, physicians and nurses, adjacent
departments, contractors, architects and designers. It is important to recognize all the stakeholders
and initiatives during the life cycle of a retrofit project.

5.4.2. Identify and Track Requirements
The second process of the PATSiE Framework is Identify and Track Requirements. This
process is also broken down into three sub-processes, including Identify Requirements of Each
Phase, Prioritize Requirements, and Analyze the Requirements that illustrated in Figure 5-6 and
explained in the following sections:
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Figure 5-6: Identify and track requirements

5.4.2.1. Identify and Track Requirements of Each Phase
Several stakeholders are involved in each phase of a retrofit project, and because of the
difficulty of managing PS & EE requirements; the best solution is to identify the requirements of
each phase of a construction project at the earliest stage to ensure that PS requirements are fully
addressed.
The input for this activity is a list of stakeholders‟ roles and responsibilities. In fact,
based on their roles and responsibilities the stakeholders are able to identify the requirements of
each phase of a retrofit project taking into consideration: the end-users, the department where the
retrofit project is taking place, adjacent departments, and the goals of the retrofit project.
Architects design the project based on the required standards for the specific retrofit projects, as
each department has specific requirements based on the end-user needs and the department‟s
goals for saving energy. The Infection Control Department plays a major role in patient safety
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requirements while the Facilities Department, project managers, project engineers, and
contractors focus on transforming patients and end-user needs, expectations, and constraints into
the design and construction process to support end-users throughout the life cycle of the
retrofitted building. The mechanism for this activity is I²Q which helps key stakeholders to be
able to identify and track requirements throughout the life cycle of a retrofit project. An example
of I²Q is shown in Table 5-2. List of Requirements (LORs) is the output of this sub-process.
Table 5-2. Issues Identification Questionnaire (I²Q)
General Information
What are the main criteria in retrofitting a healthcare facility in terms of:
Undertaking it, deciding on scope, and design
What are the required skills in the retrofit project?
What is the current practice?
How the current practice can be improved?
What are the required skills in the new practice?
How the required skills in the new practice will be provided?
Patient Safety Issues
What are the critical issues related to patient safety?
What are the major sources of safety risks during the retrofit project?
What are the mitigation plans to reduce patient safety issues?
What solutions are adopted to avoid or reduce patient safety problems in the retrofit project?
Energy Efficiency
What proportion of the retrofit project is targeted at improving energy efficiency?
How are energy efficiency opportunities characterized in the retrofit project?
What are the problems related to implementing energy efficiency measures in the retrofit
project?
Is there any information available on the amount of energy which is saved or would be saved
What are the measures in relation to energy saving?
Concluding Questions
What are the lessons learned in the retrofit project?
Are there any additional comments or suggestions?
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5.4.2.2. Prioritize Requirements
The prioritization of requirements is based on the LORs (output of the previous
sub-process) that is fed into this sub-process. The requirements can be divided into two groups,
primary requirements and secondary requirements. Based on the three case studies that are
discussed in sections 4.3 to 4.5, primary requirements are associated with PS, and secondary
requirements are related to ECMs.

5.4.2.3. Analyze Requirements
The requirements are categorized according to PS needs and ECMs in the previous
sub-process, then the requirements are analyzed. In fact, this sub-process deals with analyzing
requirements to ensure how the requirements in a retrofit project can be achieved.

5.4.3. Determine PS Issues
The third process of the PATSiE Framework is Determine PS Issues. This process is divided into
two sub-processes including Identify Issues and Classify and Analyze Issues, which are shown in
Figure 5-7 and discussed in the following sections:
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Figure 5-7: Determine PS issues

5.4.3.1. Identify Issues
This sub-process deals with identifying issues in the retrofit projects with regard to PS.
Analyzed requirements provide input for this sub-process, which is controlled by retrofitting
project context and healthcare facilities regulations. I²Q is used as a mechanism for this activity to
identify issues related to PS according to analyzed requirements.

5.4.3.2. Classify and Analyze Issues
To classify and analyze PS issues I²Q and control measures such as ICRA and ISLM are
used as mechanisms to identify a list of PS issues and actions to reduce occurrence of failure. The
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issues can be classified into two different groups: inherent and potential. Inherent issues are
related to the type of a retrofit project and include the issues such as dust and noise that need to be
addressed and managed as early as possible. Potential issues are the issues that might occur
during the retrofit project such as an electrical system breakdown. I²Q is used to classify the
issues. The output of this activity is List of Issues (LOIs) and actions to reduce the occurrence of
failures.

5.4.4. ECMs Selections
ECMs Selections is the fourth process of the PATSiE Framework. This process is
decomposed into four sub-processes, including Determine Goal of Retrofit Project for Saving
Energy, Define ECMs, Calculate Payback, and Select ECMs. These sub-processes are illustrated
in Figure 5-8 and articulated as follows:
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6.4.4.1. Determine Goal of Retrofit Project for Saving Energy
The existing infrastructure and functionality of each retrofit project is different. In
general, the existing buildings are outdated and needed to be updated in the retrofit projects. This
sub-process determines the goal of the retrofit project for saving energy. The inputs for this
activity are a list of stakeholders‟ roles and responsibilities, LOI & actions to reduce the
occurrence of failure, and analyzed requirements. Based on the list of stakeholders‟ roles and
responsibilities it can be determined who is involved in this sub-process to provide input for
energy saving. LOI & actions to reduce the occurrence of failure helps to recognize PS and EE
issues and determine the goal of retrofit project for energy saving in a way that prevent issues.
Analyzed requirements also provide input to set the goal align with the PS and EE requirements.

6.4.4.2. Define ECMs
This activity deals with defining ECMs based on the output of the previous sub-process
Defining ECMs related to a retrofit project is important for the healthcare provider to be able to
recognize the potential ECMs in each specific retrofit project. The mechanisms for this activity
are retrofit project resources and historical energy data. Depending on the available resources
such as available budget and skills and existing infrastructure the ECMs are defined.

6.4.4.3. Calculate Payback
Potential ECMs are considered as the input for this sub-process. Payback period and cost
of potential ECMs can be calculated. In this activity, retrofit project resources and historical
energy data are used as mechanisms.
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6.4.4.4. Select ECMs
Both payback period and the cost of implementing ECMs are the main inputs for
selecting ECMs. Retrofit project resources and historical energy data are used as mechanisms for
this sub-process and list of ECMs is the output of this activity.

5.4.5. Identify Opportunities for Mutual Improvement of PS & EE
The most important process of the PATSiE Framework is the integration of PS & EE.
The lack of integration between PS and EE needs to be addressed in the healthcare facilities
retrofit. The improvement of the integration of PS and EE is discussed as the last process of the
PATSiE Framework. From the case studies (Chapter 4), several reasons were revealed as
contributing factors for the lack of integration. These include the complexity of healthcare
construction projects, lack of collaboration between stakeholders, and inadequate methods of
communication during retrofit project phases.
In order to integrate PS & EE in retrofit projects successfully, the key stakeholders need
to work collaboratively. Effective communication needs to be an integral part of retrofit projects.
Identify Opportunities for the Mutual Improvement of PS & EE is decomposed into three
sub-processes, including: Identify Mutual PS & EE Opportunities, Classify Mutual Opportunities,
and Evaluate Mutual Opportunities. These sub-processes are illustrated in Figure 5-9 and
articulated as follows:

162

List of Stakeholders‟
Roles and
Responsibilities
Selected ECMs
Actions to Reduce
Occurrence of Failure
Analyzed
Requirements

Retrofit
Project
Context

Healthcare
Facilities
Regulations

Identify and Classify
PS & EE Interactions

Identified &
Classified
PS & EE

Evaluate PS & EE
Interactions

List of Mutually
Beneficial ECMs /
Patient-Friendly
ECMs

Interaction
Matrix

Figure 5-9: Identify opportunities for mutual improvement of PS & EE

5.4.5.1. Identify and Classify PS & EE Interactions
This sub-process deals with identifying and classifying PS & EE Interactions. The inputs
for this activity are a list of analyzed requirements, ECMs, and a list of issues (LOIs) and actions
to reduce the occurrence of failure. Based on the inputs from the previous process, interactions
between PS and EE can be identified and classified. PS & EE interaction can be classified into
three groups, including reinforcing, neutrals and conflicting. Interaction Matrix is the mechanism
for this sub-process.

5.4.5.2. Evaluate Mutual PS & EE Interactions
Identified and classified PS & EE interactions are the input for this sub-process.
Identified and classified PS & EE are evaluated to provide a list of mutually beneficial ECMs
/patient-friendly ECMs. It is important to note that based on the case studies (Chapter 4), PS
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always proceeds EE. The mechanism for this activity is Interaction Matrix. An example of
Interaction Matrix is shown in Table 5-3.
Table 5-3. Interaction Matrix

Energy Efficiency Mechanical systems
Measures
- IAQ
Patient Safety
- HVAC
Issues
Before retrofit
- ICRA
- ISLM
During retrofit
- Noise
- Vibration
- Duct
- Odor
- Coordination
After retrofit
- Patient Comfort

Electrical systems
- Lighting

Automated
systems

A summary of PATSiE objectives and implementation tools for each process is
summarized in Table 5-4.
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Table 5-4. Implementation tools

PATSiE Process

PATSiE Objectives

How framework achieved the
objective

Tools

- Determine the healthcare approach in
Define

To define a structured approach that enables

Stakeholder‟s

healthcare providers to define stakeholders as

Roles and

well as their roles and responsibilities with

Responsibilities

respect to patient safety and energy efficiency

retrofit projects

- Role

- Determine required skills and

Definition

competencies

Template (RDT)

- Recognize stakeholders

- Retrofit Project

- Associate required activities with

Resources

stakeholders
- Identify the requirements of PS and
EE in each phase of a retrofit project;
- Prioritize the requirements of each
To identify and track the requirements for
Identify and Track

patient safety and energy efficiency of retrofit

Requirements

projects in all phases of healthcare facilities
retrofit

phase;

Issues

- Analyze the requirements;

Identification

- Develop issues identification

Questionnaire

questionnaire and distribute among all
of the stakeholders to be able to
identify issues involved in the retrofit
projects.

(I²Q)
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PATSiE Process

PATSiE Objectives
To enable healthcare facility managers
understand current practice of healthcare

Determine PS &

retrofit projects to be able to address patient

EE Issues

safety and energy efficiency issues related to
retrofit projects in all phases of the
construction projects;

How framework achieved the
objective
- Identify issues
- Describe „as is‟ situation
- Recognize problems associated with
the issues
- Propose mitigating actions

Tools

Control
Measures
(ICRA and
ISLM)

- Determine goal of retrofit project for

ECMs Selection

To enable decision makers to make the best

saving energy

Historical

decision in selecting ECMs and to meet

- Define ECMs

Energy Data

patient safety requirements;

- Calculate Payback

²

- Select ECMs
Identify

To enhance opportunities for the mutual

- Identify mutual PS & EE

Opportunities for

improvement of patient safety and energy

opportunities

Mutual

efficiency in healthcare facilities retrofit. This

- Classify mutual PS & EE

Improvement of

can be achieved by improving information

opportunities

PS & EE

flow.

- Mutual PS & EE opportunities

Interaction
Matrix
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The applicability of the PATSiE Framework was evaluated through focus groups as
discussed in Chapter 7.

5.5. PATSiE Framework Recommendations
The goal of PATSiE Framework was to identify the opportunities to integrate patient
safety and energy efficiency in healthcare facilities retrofit projects. The Framework sought to
develop a generic means of mutual improvement of patient safety and energy efficiency. Often,
the construction industry is a fragmented work environment, and the retrofit projects that take
place in the healthcare facilities not only follow the fragmented nature of construction projects,
but also are 24/7 and dealing with patients and their families and need to comply with patient
safety requirements. As a result, healthcare facilities construction projects are more critical than
the other construction projects. It is important to note that even though the existing patient
standards such as ICRA, ISLM, and AIA focus on safety and well-being of patients, there are still
many risks that exist for patients.
For example, ICRA divides construction activities into four categories: inspection,
small-scale and short duration, work with moderate to high level of dust, and major demolition
and construction projects. ICRA focuses on the following:
-

Minimizing and controlling dust related to construction activities;

-

Preventing contamination of MEP systems;

-

Monitoring air pressure;

-

Determining the location and types of barriers;

-

Establishing how to cover all construction openings.

ICRA is one of the most recognized and documented processes to minimize infection related to
construction activities. From the three case studies, it was established that the main patient safety
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issues related to construction activities were noise, vibration, dust, and odor. ICRA mainly
focuses on infection related to dust and solely concentrates on infection control risk assessment
and does not address issues caused by noise and vibration.
The Advanced Energy Retrofit Guide explains how to start a retrofit project for a
healthcare facility. The Guide focused on capital investment of energy retrofit and stated that
financial return can reduce the cost of hospital or medical services. It also stated that some
benefits are “hard to quantify” and “often omitted from financial analysis” and suggested
consideration of those benefits in a business case of each retrofit project. It is important to note
that the Guide did not comment on the payback time for each investment. Payback time varies for
each investment in the energy retrofit projects and even though renewing the existing equipment
and facilities enhances quality of the care. It might not be beneficial for healthcare providers to do
it. Consequently, based on the identified issues in integrating PS and EE process out of literature
review and case studies, inefficiencies and ineffectiveness were identified.
Firstly, for patient safety, the healthcare facilities are responsible for implementing
patient safety measures such as ICRA and ISLM, and the project team (architectural, mechanical,
electrical, and structural engineers), contractors, specialty contractors, project supervisors, and
project managers are required to adhere to PS measures. Even though implementing PS measures
is necessary to be done in a collaborative and distributed work environment, there is not a real
time communication system to update all the stakeholders about PS conditions. Sometimes
methods of communication can cause delays and affect progress and schedule of a retrofit project.
Secondly, the healthcare facilities retrofit projects are very dynamic in nature, and each
project is different from one to another. However, the process of documentation was manual and
involved several paper works that can cause ineffectiveness and inefficiency that is prone to
errors.
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As discussed previously, the PATSiE Framework‟s aim was to provide an integrated
approach to simultaneously ensure patient safety and energy efficiency in healthcare retrofit
projects. The existing standards and guidelines focus solely on patient safety or energy efficiency.
In contrast, PATSiE (as a composite framework) covers both patient safety and energy efficiency.
The comparison between different standards and the PATSiE Framework is summarized in
Table 5-5 in order to know where the integration of PS and EE is needed to be improved.
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Table 5-5. Recommendations of different standards and PATSiE Framework for PS/EE integration

Requirements for PS/EE
Integration

ICRA

ISLM

Classification of
building type:

Before
retrofit
Patient
Safety

During
retrofit

Coordination
Dust
Noise
Vibration
Odor

-Inspection and
non-invasive activities
-Small scale, short
duration activities
which create minimal
dust and have a low
risk for water
aerosolization
-Work that generates a
moderate to high level
of dust or a moderate to
high risk for water
aerosolization
-Major demolition and
major construction
projects

-Prevent airborne dust
from dispersing into
the atmosphere
(barriers or control

-

-Free and
unobstructed
exits
-Free and

AIA
-Number, location, and type
of airborne infection
isolation and protective
environment rooms
-Location of special
ventilation and filtration
such as emergency
department waiting and
intake areas
-Air handling and ventilation
needs in surgical services,
airborne infection isolation
and protective environment
rooms, laboratories, local
exhaust systems for
hazardous agents, and other
special areas.
-Water systems to limit
Legionella and other
waterborne opportunistic
pathogens
-Finishes and surfaces.
-Impact of disrupting
essential services to patients
and employees
-Determination of the

Advanced Energy
Retrofit Guide

PATSiE
Framework

-

-Consider the
resources
-Review
project
documents
-Project
participants
-Healthcare
facilities
regulation
related to PS
-Determine
potential PS
issues
-Analysis
issues
-Suggest
preventative
method

-

-Analysis
issues
-Preventive
actions
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Requirements for PS/EE
Integration

Coordination
Dust
Noise
Vibration
Odor

ICRA

ISLM

AIA

cube)
-Water mist work
surfaces to control dust
while cutting.
-Seal unused doors
-Block off and seal air
vents.
-Keeping doors and
windows closed except
during ingress/egress.
-Place adhesive mat at
the entrance and exit of
the work area as
necessary.
-Cover transport
receptacles or carts.
-Contain construction
waste before transport
in tightly covered
containers.
-Use designated
removal route/elevators
for removal of debris.
-Wet mop and/or
vacuum with HEPA
filtered at the end of
work shift
-Isolate HVAC system
in work area
-Designate entry and

unobstructed
access to
emergency
services
-Fire alarm,
detection, and
suppression
systems are
needed to be in
order. Any
impaired system
is needed to be
fixed or replaced
with a
temporary
system.
-Using
smoke-tight and
non-combustible
temporary
construction
partitions
-Availability of
firefighting
equipment and
trained staff
-Prohibit
smoking
throughout and
close to the

specific hazards and
protection levels for each
-Location of patients by
susceptibility to infection
and definition of risks for
each
-Impact of potential outages
or emergencies and
protection of patients during
planned or unplanned
outages, movement of
debris, traffic flow, clean up,
and testing and certification
-Assessment of external and
internal construction
activities.
-Location of known hazards

Advanced Energy
Retrofit Guide

PATSiE
Framework
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Requirements for PS/EE
Integration

After
retrofit

Patient well
being

ICRA

ISLM

exit traffic pattern
-Maintain negative
pressure with HEPA
equipped negative air
machines.
-Monitor air pressure &
documented at least
daily.
-Remove barriers
carefully

construction
area
-Enforce
debris-removal
practices
-Surveillance of
ground safety,
such as pits,
storage,
equipment, and
excavation

Assign a professional
Cleaning Company
(CC) who can
demonstrate
competence and
experience cleaning in
a. healthcare facilities

-

AIA

-

-Provide a two-step

Advanced Energy
Retrofit Guide

PATSiE
Framework

LED lamps provide
better visibility than
incandescent and
improve patient
safety

Maintains
patient safety

cleaning process:
-Pre barrier
removal cleaning
-Post barrier
removal cleaning:

EE

Before
retrofit

Decided on
ECMs
Coordination

-Well-defined goals -Define the
-

-

-

and a carefully
constructed scope
-Benchmarking
-Walk-throughs

goal of the
retrofit project
for saving
energy
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Requirements for PS/EE
Integration

During
retrofit
After
retrofit

Step by Step
guideline

ECMS
implementati
on

ICRA

ISLM

AIA

Advanced Energy
Retrofit Guide

PATSiE
Framework

audit
Conduct an energy
review
-Identify sources of
financing
-Implement energy
management
-Measure project
results
-Review for
continuous
improvement

-Define ECMs
-Calculate
payback
-Select ECMs

-

-

-

-

Implement
ECMs

-

-

-

-

Maintenance

-

-Integration
and
communication
to exchange
information
-Provide a
step-by-step
procedure for
enhancing PS
& EE

-

-

-

Chapter 6
THE PATSiE FRAMEWORK OPERATION AND EVALUATION

6.1. Introduction
This chapter presents in detail the operation and evaluation of the PATSiE Framework.
This chapter at first presents a description of the Framework's operation and secondly provides
the details of the evaluation process. The evaluation was undertaken through focus groups to
show its ability to be implemented in the retrofit projects and is expected to contribute towards
the enhancement of patient safety and energy efficiency. The description of how the PATSiE
Framework achieves its objectives is discussed below:

Objective 1: To define a structured approach that enables healthcare providers to define
stakeholders as well as their roles and responsibilities with respect to patient safety and energy
efficiency:
This objective was achieved with a review of the personnel chart of the departments that
were involved in the retrofit projects. The review was able to recognize the healthcare facilities‟
current practice and required roles and responsibilities in the retrofit projects. Three case studies
were conducted to reveal the required skills concerning integrating PS and EE in the retrofit
projects. This study adopted an in-depth analysis with focus on the required skills in the case
studies. This included observation of five retrofit projects to understand how PS and EE can be
integrated into the retrofit projects.
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Objective 2: To identify and track the requirements for patient safety and energy
efficiency of retrofit projects in all phases of healthcare facilities retrofit:
The review of retrofit projects identified that requirements for PS and EE are two
different processes. As a result, different sets of requirements existed and were managed by
various departments. It was revealed that different departments in different locations manage
most of their requirements manually and there is not a central platform to share the information in
a real time. Consequently, based on the identified issues, an approach was defined to enhance the
requirements as follows:


Identify the requirements of PS and EE in each phase of a retrofit project;



Prioritize the requirements of each phase;



Analyze the requirements;



Develop issues identification questionnaire and distribute among all the stakeholders to
be able to identify issues involved in the retrofit projects.

Objective 3: To enable healthcare facility managers to better understand PS and EE
issues related to retrofitting projects in all phases of the construction projects;
The review of the state-of-the-art and the identification of issues in healthcare facilities
retrofit practice revealed how the healthcare facilities manage their retrofit projects during the life
cycle of the construction projects. The conducted case studies helped to know what are the
obstacle and issues related to PS and EE during the life cycle of the retrofit projects. Observation
of the retrofit projects and interviews with the project stakeholders were the main sources of
collected information to be able to do an in-depth analysis of the identified issues. To address it,
proposed mitigation action plan related to patient issues was used as a systematic technique to
classify the issues.
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Objective 4: To enable decision makers to make the best decisions in selecting ECMs and
to meet patient safety requirements:
Based on the literature review and case studies, the current method of selecting and
implementing ECMs was reviewed and the following inefficiencies were identified:


The healthcare facilities focus on saving costs to be able to provide care for their patients
with a low cost. Sometimes they buy energy with a lower cost rather than saving energy;



There is not an energy metering system in most of the healthcare facilities. Therefore,
there is not a possibility to measure the energy consumption in a particular retrofit project
and compare the energy consumption before and after the retrofit;



The only energy data that could be collected in some of the healthcare facilities was
electricity consumption per square foot while steam for heating and chilled water for
cooling was not included;



There was not an assigned representative to be in charge and aware of the ECMs in some
of the healthcare facilities.

Objective 5: To enhance opportunities for the mutual improvement of patient safety and
energy efficiency in healthcare facilities retrofit. This can be achieved by improving information
flow:
Based on the review of the state-of-the-art and recognition of ineffectiveness of real time
communication, an innovative and integrated framework was developed to enhance PS and EE
during the life cycle of a retrofit project. It is required to ensure that real-time information is
shared with the stakeholders during the life cycle of the retrofit projects.
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6.2. PATSiE Framework Operation Procedure
The collected data from Project 3A in Case Study 3 (an acute care facility with 2,300
beds) was used to test the functionality and potentials of the PATSiE Framework. The operation
procedure was carried out based on the PATSiE Framework that is described in the following
sections:

6.2.1. Define Stakeholders’ Roles and Responsibilities
According to PATSiE Framework to define stakeholders‟ roles and responsibilities
(section 5.4.1) in Project 3A, at first, project details were defined. Project 3A was the replacement
of the 4th floor of the north wing of an existing facility to build new 52 private beds NICU (the
detail of the retrofit project is explained in section 4.5.2). The details of the retrofit project
included:


The impact of the construction project on the adjacent department;



Patients and staff close to the retrofit project;



End-users;



Boundary of the retrofit project;



Entrance and egress to the construction site;



Material storage;



Detail of demolition;
The detail of the retrofit project was followed by the required skills for Project 3A. For

example, some of the material that was used in the building in the past, including spray on fire
proofing patches, pipe insulation, fire stop on the wall (red sealant), and duct insulation contained
asbestos. Therefore, a specialty contractor was required to be hired to remove all the asbestos
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before starting the construction project. The project owner planned to make the retrofit project
LEED certified. Hence, the project needed to have a specialist in the LEED certification
procedure. Finally, stakeholders were selected based on the project needs and required specialties.

6.2.2. Identify and Track Requirements
Identify and track requirements (see section 5.4.2) were done based on each phase of a
retrofit project. For example, all the specialty contractors were required to participate in a
mandatory training to get the security badges before moving to the job site (pre-construction).
They needed to comply with Infection Control requirements, Interim Life Safety Measures, and
all the rules and regulations defined by the Facilities Department (pre-construction and
construction phases). In addition, the daily report and weekly tool box talks needed to be
submitted by the specialty contractors to the construction management company. Subsequently,
the identified and tracked requirements were prioritized and analyzed, and PS is always
precedents to EE.

6.2.3. Determine PS Issues
The PS issues were identified, classified, and analyzed through the Issues Identification
Questionnaire (I²Q). The issues included noise, vibration, coordination, asbestos, and dust. The
issues were classified and analyzed based on the level of their impact on PS, because PS was the
main priority for all three of the case studies.
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6.2.4. ECMs Selection
In Case Study 3, cost of energy is approximately $26 per minute. The Facilities
Department pursues an energy consumption program to implement ECMs such as changing light
bulbs, installing LED fixtures, controlling temperature, installing hand dryers, operating rainwater
recovery system, mounting solar farm, and using heat recovery chillers. In addition, all the
construction projects, including new buildings and retrofit projects are LEED certified.
To select ECMs (section 5.4.4), at the first step, it is needed to select the goal of the
retrofit project for saving energy. Project 3A, was designed to be a LEED certified project and the
goal is to reduce their energy consumption to 10%. The potential ECMs were selected based on
the LEED criteria, and the following ECMs were selected:


Implementing a circadian rhythm system;



IAQ management plan;



Thermal comfort controls for HVAC;



Provide minimum 50% of electricity through green energy.

6.2.5. Identify Opportunities for Mutual Improvement of PS & EE
To identify opportunities for the mutual improvement of PS and EE, it was recognized
through an interaction matrix and then evaluated. The implemented Interaction Matrix is shown
inTable 6-1.
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Table 6-1. Interaction Matrix
Energy Efficiency Measures
Patient Safety
Before
retrofit

ICRA
Classification
Level
ILSM

During
retrofit

Noise

Level I
Level II
Level III
Level IV
Free exit and access
Fire alarm, detection,
and suppression
systems
Prohibit smoking
Noise related to
construction activities
 Duration of
activities
 Types of activities
 Method of
construction
Noise related to
construction equipment
 Stationary
equipment
 Mobile equipment
 Concurrent use of
construction
equipment
Noise related to people
involved in construction
activities
 Noisy environment

Automated Water Use
Indoor Air
Lighting
Logic
Reduction
Quality (IAQ)

HVAC and
Thermal
Comfort

Increased
Ventilation

Green
electricity
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Energy Efficiency Measures
Patient Safety
Vibration

Dust

Coordination

Construction activities:
 Demolition
Period of construction
activities
Construction equipment:
 Stationary
equipment
 Operation of heavy
construction
equipment
Concurrent construction
activity and construction
equipment
Dust related to
construction activities
 Demolition
 Construction
material
Dust related to people
activities
Workers and staff
movement from the
construction site to the
care area
Construction activities:
 Demolition
 Change of work
sequence
 Inadequate planning
 Insufficient
communication

Automated Water Use
Indoor Air
Lighting
Logic
Reduction
Quality (IAQ)

HVAC and
Thermal
Comfort

Increased
Ventilation

Green
electricity

181

Energy Efficiency Measures
Patient Safety
Outage:
 Mechanical systems
 Electrical Systems
 Fire suppression

systems
 Fire watch

Asbestos

After
retrofit

Patient comfort

Duct insulation:
 White seam sealant
 Yellow seam
sealant
Fireproofing:
 Spray on
fireproofing
 Spray on fire
proofing patches
Pipe:
 White mud
insulation on
vertical pipe
 Elbow sealant
connection
Wall:
 Fire stops on the
wall (red sealant)

Automated Water Use
Indoor Air
Lighting
Logic
Reduction
Quality (IAQ)

HVAC and
Thermal
Comfort

Increased
Ventilation

Green
electricity
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6.3. PATSiE Framework Evaluation Procedure
Following the development of all of the required processes of the PATSiE Framework
and its operation in one of the case studies, evaluation of the Framework was done via focus
groups with stakeholders of the retrofit projects in the two of healthcare facilities. One of the
selected healthcare facilities was the Case Study 1 (described in section 4.3), an acute-care
facility with more than 250 beds that was founded more than forty years ago. The second one was
the Case Study 2 (presented in section 5.3), an academic medical center with about 500 beds that
was founded fifty years ago. The evaluation process was carried out in three parts that is shown in
Figure 6-1.
PATSiE Framework

Presentation of
the PATSiE
Framework

Focus Group

Focus Group

Figure 6-1. The Framework evaluation process

In the first part, the PATSiE Framework was presented to three stakeholders in each of
the case studies. The roles of selected interviewees are shown in Table 6-2. The presentations
were conducted at the offices of the participants. The reason for selecting these stakeholders was
based on their direct involvement, experience on retrofit projects and familiarity with patient
safety and ECMs in the case study projects. Therefore, they were appropriate to evaluate the
Framework in order to determine its functionality. The presentations provided an overview of the
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research problems, aim and objectives. This was followed by the PATSiE Framework
description, including its process and sub process.
In the second part, the stakeholders were asked about their opinions and perceptions with
regard to the PATSiE Framework, how it might be beneficial for their retrofit project,
functionality of the framework, feedback on its improvement, and suggestions for future study.
Subsequent to the focus groups, the captured feedbacks from the stakeholder were implemented
into the Framework.

Table 6-2. Interview participants in Case Study 1 and Case Study 2
Role of Interviewees

Case Study 1

Case Study 2

Vice President of
Facilities and Plant
Operations

Facilities Planning &
Construction
Associate Director

Project manager

Project manager

Contractor‟s
Project Engineer

Infection Control
Coordinator

The general feedback from evaluation of the Framework showed interest from the
stakeholders in the application of the Framework, although the participants had some comments
on it as follows:


It was suggested that the third process of the PATSiE Framework that was “determine PS
& EE issues” to be changed to determine PS issues to focus on PS issues only. It was
stated that PS and EE are not in a same level of priority.



They also had suggestions about the fourth sub-process of the PATSiE Framework,
ECMs selections. It was stated that the healthcare facilities do not always have a clear set
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of goals to save energy. If they do not have a clear goal, then defining ECMs would be
very generic.


The payback period can be calculated for new equipment. In the small retrofit projects or
in which the new equipment is not used, or without metering, payback calculation it is
not feasible.
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Chapter 7
CONCLUSIONS AND RECOMMENDATIONS

7.1. Introduction
This chapter concludes this dissertation that describes healthcare facilities retrofit projects
with the dual goal of enhancing patient safety and energy efficiency. It provides an overall
summary of the research and discusses how the objectives of the research were achieved.
Limitations of the research are presented along with the contributions to the knowledge
emanating from this study. It also discusses recommendations for both future work and industry
in the area of retrofitting healthcare facilities.

7.2. Research Summary
The aim of this research was based on the need to enhance patient safety and improve
energy efficiency in the healthcare facilities retrofit projects. Consequently, each of the following
objectives was specified and discussed along with the summary of detailed activities performed,
and the results obtained from them:
Objective 1: To investigate overlaps and information flows between facilities
management and the healthcare delivery process:
The links between patient safety and facilities management was investigated through the
review of existing guidelines and standards for healthcare facilities management, interviews with
key stakeholders, and cognitive walk-throughs with the Facilities Management Department
personnel. Based on the information obtained and the identification of typical facility failures, use
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cases were developed to determine synergies between facilities management and the healthcare
delivery process, and to assess the potential for improvements from a patient safety perspective

Objective 2: To establish requirements for retrofitting healthcare facilities to enhance
patient safety and improve energy efficiency:
This objective was achieved through the literature review (see Chapter 2) and by
conducting three case studies (described in Chapter 4). Based on the review of the state-of-the-art,
collected information in the case studies, the requirements for patient safety and energy efficiency
in the retrofit projects were identified.

Objective 3: To investigate current approaches to healthcare facility retrofits including
mechanisms for ensuring patient safety before, during, and after the retrofit projects in
healthcare facilities:
To investigate current approaches of the healthcare facilities, literature was reviewed and
three case studies were conducted. The three case studies revealed how healthcare facilities
manage patient safety requirements before, during, and after the retrofit projects. The three case
studies also included visits and meetings in healthcare facilities, face-to-face and phone
interviews, shadowing, cognitive walk-throughs, and site visits (the details described in Chapter
4).

Objective 4: To characterize the critical energy efficiency opportunities and develop
mechanisms and systems for implementing these:
This objective was achieved through the literature review (Chapter 2) and the case studies
(Chapter 4). The goal of energy saving and the implemented ECMs (Energy Conservation
Measures) in the case studies were reviewed. The review of the literature and the case studies
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provided the critical energy efficiency opportunities and mechanisms for implementing ECMs in
the retrofit projects.

Objective 5: To identify and model critical patient safety issues that need to be addressed
in the retrofitting healthcare facilities:
The review of the state-of-the-art in the three case studies highlighted the patient safety
issues in the healthcare facilities retrofit project. Sources of the patient safety issues associated
with construction activities, equipment, and people were identified and the impacts on patients
were reviewed. For each patient safety issue proposed mitigating actions related to the patient
safety were provided (sections 4.3.2.6, 4.3.3.6, 4.4.2.6, 4.4.3.6, 4.5.2.6).

Objective 6: To develop and evaluate an integrated framework for planning retrofit
works to ensure patient safety and improve energy efficiency:
Based on the review of the current practices and identification of inefficiency and
incompetency in the retrofit projects, an innovative integrated Framework (PATSiE) (described in
Chapter 5) was developed. The PATSiE Framework was developed for a better approach in
ensuring patient safety and energy efficiency during the life cycle of the retrofit projects. The
PATSiE Framework has five main processes, and each process has multiple sub-processes (see
Sections 5.4.1 to 5.4.5). The PATSiE Framework was evaluated by the healthcare facilities‟
experts through participation in a presentation and focus groups (presented in Chapter 6).
Evaluators provided comments on the Framework functionality in the healthcare industry and
also stated the areas for improvement and future research.
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7.3. Conclusions
This study focused on identifying and leveraging synergies between energy efficiency
measures and patient safety issues during the healthcare facilities retrofit projects with the aim of
providing a better approach in enhancing both. Following the conduct of the research, the
following conclusions have been formulated:


Healthcare providers and key stakeholders need to be aware of the benefits and value of
synergies between patient safety and energy efficiency and incorporate them in their
project plan;



It is important to focus on the synergies between energy efficiency and patient safety
during the retrofitting of healthcare facilities (whole life cycle of retrofit projects from the
feasibility and planning phase to the post-construction phase). This will provide a
high-level overview of the different stages involved in retrofitting healthcare facilities.
Furthermore, it will improve understanding of the value associated with patient safety
and energy efficiency;



The benefits of integrating patient safety and energy efficiency include, but are not
limited to: the ability to use a step-by-step procedure for enhancing PS & EE, the ability
to communicate clearly, and the elimination of rework with a better understanding of PS
& EE integration;



The integrated PATSiE Framework provides a novel approach to healthcare facilities
retrofit projects. It facilitates PS & EE integration from the earliest phase of a retrofit
project through the life cycle of the retrofit project. It highlights collaborative work areas
and interoperability of PS and EE;
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The feedback from the key stakeholders on the Framework showed interest of
participants in the application of the Framework in integrating PS and EE in the retrofit
projects in the healthcare industry.

7.4. Contributions to Knowledge
This study has provided insight into healthcare facilities retrofit projects with dual
objectives of ensuring patient safety and enhancing energy efficiency and making major
contributions to the healthcare facilities retrofit projects, including:


The identification of the key requirements for retrofitting healthcare facilities from both a
patient safety and energy efficiency perspective. Through the initial literature review (see
Chapter 2), it was concluded that currently there is no clear set of requirements for
hospital retrofit that adequately address the dual goal of improving planning retrofitting
projects. Subsequently, it would provide a synthesis of requirements that are well
structured and illustrative of the conflicts and opportunities inherent in both patient safety
and energy efficiency.



The identification of critical patient safety issues that may be hazardous during the
healthcare facilities retrofit. The patient safety issues and proposed mitigation plan were
presented for enhancing patient safety and clear articulation of the shortcoming of
existing methods and identify opportunities for improvement.



Development of an integrated framework that enables the simultaneous enhancement of
patient safety and energy efficiency in healthcare retrofit projects. This will allow
stakeholders to review retrofitting healthcare facilities possibilities with more features
earlier in the feasibility study and design process. It will also assist team members in
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identifying and categorizing the opportunities for enhancing patient safety and energy
efficiency within the current projects and in the future. The Framework develops an
in-depth analytic review of the current mechanisms which demonstrate the interplay
between patient safety and energy efficiency, and their conflicting and mutually
reinforcing requirements.

7.5. Limitations of the Research
Even though this study has provided insight into several beneficial aspects of enhancing
patient safety and energy efficiency in healthcare facilities retrofit, there were some limitations
related to this research. This section provides the limitations associated with this research as
follows:


The operation of the Framework was investigated using data from one of the case study
projects. It would be beneficial to implement it in a real healthcare retrofit project to
establish its practical limitations and wider applicability.



Only limited data on actual energy use was available from the case studies. This
prevented a full-scale assessment of all aspects of energy consumption.



The evaluation of the PATSiE Framework involved a limited number of key
stakeholders. The evaluators were from two of the case studies. It would have been more
beneficial if some of the evaluators were from outside the case studies.
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7.6. Recommendations for Further Work
This study identified a number of key areas that need more research in the healthcare
facilities retrofit project. The recommendations are divided into two main categories, future
research and healthcare industry.

7.6.1. Recommendations for further research
The following are the main areas that require further research in the healthcare facilities
retrofit projects:


This research provided a valuable perception and enhanced understanding of PS and EE
integration from a qualitative point of view. In order to have buy-in from the healthcare
facilities, more quantitative studies are required to incorporate the estimation of time and
cost based on the availability of data.



The knowledge gained from this research could be used to develop a Decision Support
System (DSS) that provides guidance for healthcare operators for the integration of PS
and EE in their retrofit projects.



The scope for investigating BIM based model for evaluating the extend to which PS and
EE have been simultaneously conducted in the retrofit projects.

7.6.2. Recommendations for healthcare industry
The following are the key findings and recommendations that suggested for the
healthcare industry:
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The healthcare industry is becoming more complex and multidisciplinary. Therefore,
synergistic approaches are beneficial to help the key stakeholders to improve their current
practices.



There are currently no standards or guideline for integrating PS and EE in healthcare
retrofit projects. Implementation of the PATSiE Framework incorporated within the life
cycle of a retrofit project would be helpful in contributing toward successful retrofit
projects.



The healthcare industry needs to take a shift from fragmented PS and EE environment to
a synergistic manner that will facilitate and support the collaborative environment to
enhance PS and EE.

7.7. Concluding Remarks
The PATSiE Framework will contribute toward enhancing synergies between patient
safety and energy efficiency; this has been concluded from the results of the evaluation. The
findings from the PATSiE Framework development highly support the potential of further
exploring synergistic approaches in healthcare facilities construction projects. This research has
made the first step toward integration of patient safety and energy efficiency. It was expected that
when the Framework is adopted and implemented in the healthcare facilities retrofit projects, it
will provide a better approach for retrofitting healthcare facilities such that patient safety and
energy efficiency are simultaneously enhanced.
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APPENDIX A
Included in this appendix are ICRA guidelines grids
Table A-1: ICRA Classification Level TYPE definition guideline grid.

Inspection and non-invasive activities.

Type A

Includes, but is not limited to:
 Opening of a single ceiling tile for visual inspection and/or tile replacement.
 Painting (but not sanding)
 Wall covering, electrical trim work, minor plumbing, activities which do not
generate dust or aerosolize water, or require cutting of walls or access to
ceilings other than for visual inspection

Small scale, short duration activities which create minimal dust and have a low
risk for water aerosolization.

Type B

Includes, but not limited to:
 Opening of more than one ceiling tile per 10 tiles
 Installation of telephone and computer cabling
 Access to mechanical chase or shaft spaces
 Cutting of walls or ceiling where dust migration can be controlled
 Minor renovation of existing space
 Wet sanding of walls

Work that generates a moderate to high level of dust or a moderate to high risk
for water aerosolization.

Type C

Includes, but not limited to:
 Dry sanding of walls
 Cutting of walls, removal of drywall or building finish components where
work is limited to one room or suite. (Including removal of floor coverings,
ceiling tiles, and casework.)
 Wall demolition or new wall construction
 Minor duct work, plumbing work, or electrical work above ceilings (not
including system demolition or installation).
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Moderate renovation of existing space
Major cabling pulling activities, multiple rooms/lines where multiple access
points are needed.
Any activity which requires construction of a barrier that does not qualify as
Type D

Major demolition and major construction projects

Type D

Includes, but not limited to:
 Activities which require the closure of a unit/wing or relocation of an entire
patient area.
 Demolition, removal, or installation of a complete cabling, HVAC, plumbing,
medical gas, or electrical system.
 Demolition of major fixed building components, assemblies, fit-out elements,
or structural elements.
 New construction located in close proximity to an existing patient care
facility.
 Outdoor construction of new structures located in close proximity to an
existing patient care facility.
 Excavation activities located in close proximity to an existing patient care
facility.

Table A-2. ICRA Risk Group guideline grid.
CONSTRUCTION
ACTIVITY

TYPE A

TYPE B

RISK GROUP

ICRA Level:

ICRA Level:

Low Risk

I

II

II

Medium Risk

I

II

III

High Risk

I

III

III or IV

IV

III or IV

III or IV

IV

Highest Risk

III

TYPE C

TYPE D

ICRA Level: ICRA Level:
III or IV
IV
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Table A-3: ICRA Classification Level definition guideline grid.

LEVEL I

LEVEL II

LEVEL III

LEVEL IV

1. Execute work by methods to minimize raising dust from construction
operations.
2. Immediately replace any ceiling tile displaced for visual inspection.
3. All policies & procedures for renovation/construction/maintenance will
be followed.
4. Contractor is educated before the start of the project about the
importance of adhering to Infection Control measures.
5. When complete immediately clean up any dirt or debris.
Prevent air-borne dust from dispersing into atmosphere ( barriers or control cube)
Water mist work surfaces to control dust while cutting.
Seal unused doors
Block off and seal air vents.
Keeping doors and windows cloed except during ingress/egress.
Place adhesive mat at entrance and exit of work area as necessary.
Cover transport receptacles or carts.
Contain construction waste before transport in tightly covered containers.
Use designated removal route/elevators for removal of debris.
Wet mop and/or vacuum with HEPA filtered at end of work shift
Isolate HVAC system in work area
Designate entry and exit traffic pattern
Complete all critica
Maintain negative pressure with HEPA equipped negative air machines.
monitor air pressure & documented at least daily.
 .
ollowing IC/Safety protocol.
11. Barriers will be removed carefully to minimize spreading of
construction dust and debris.
1. Seal all holes, pipes and conduits penetrations in work area.
2. Construct anteroom for staging of equipment & donning of coveralls.
3. Workers will wear coveralls in work area. Upon completion of major
dust generating activities, coverall requirement is removed.
4. Coveralls are removed in work zone before entering anteroom.
5. Any residual dust left on workers shall be removed by vacuum.
6. Shoe covers will be worn by workers and removed in the ante room
when exiting area.
7. All renovation, construction, maintenance & tool carts leaving area must
be covered & the wheels wiped down with a bleach solution.
8. Environmental Health Service (EHS) or a contract cleaner will vacuum
or damp mop the area outside the work zone and adjacent areas.

APPENDIX B
Included in this appendix is an example of the Questionnaire

Interview Questionnaire for Project Managers

General Information
1. Is there any description, organizational chart, or workflow process chart available relating to
the Project Manager‟s roles and responsibilities in retrofit projects?
2. What are the critical issues related to the Project Manager‟s roles and responsibilities?
3. Who decides on whether or not a retrofit project should go ahead?
4. What are the main criteria in retrofitting a healthcare facility in terms of:


Undertaking it



Deciding on scope



Design

5. What are the main challenges in retrofit projects (such as cost, patient and staff safety)?

Technical Information
6. Who notifies the Project Manager of any risks/hazards/problems related to retrofit projects?
7. How does a Project Manager identify, assess, prioritize and manage problems related to
retrofit projects?
8. What are the major sources of safety risks during retrofit projects?
9. How does a Project Manager deal with unforeseen circumstances (such as utility failures) or
emergency situations during retrofit projects? Provide some examples.
10. What standards or guidelines do you work to? Building standards or other standards?
11. Are other hospital facilities management personnel obliged to comply with the Project
Manager‟s recommendations during retrofit projects?

Energy Efficiency
12. What proportion of the retrofit projects is targeted at improving energy efficiency?
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13. How are energy efficiency opportunities characterized in retrofit projects?
14. What are those opportunities?
15. Why were these energy efficiency measures chosen? Selection criteria?
16. What are the problems related to implementing energy efficiency measures in retrofit
projects?
17. Is there any information available on the amount of energy which is saved or would be
saved?
18. What standards or guidelines are used to enhance energy efficiency?
19. What is the future plan to save more energy?
Patient safety
20. What are the guidelines/standards related to patient safety in healthcare retrofit projects?
21. Provide examples of how these guidelines/standards are implemented?
22. What are the most common patient/staff safety problems that need to be dealt with in retrofit
projects?
23. How do you identify potential hazardous situations and eliminate them during facilities
retrofit projects?
24. Are there any quantitative measures to comply with patient safety requirements (such as
indoor air quality, noise, and vibration)
25. What solutions are adopted to avoid or reduce patient safety problems in retrofit projects?

Patient Safety and Energy Efficiency
26. What energy efficiency measures also support patient safety?
27. Do any patient safety measures also result in short-term or long-term energy savings?
28. Are there situations where patient safety requirements are in direct conflict with energy
efficiency measures? Give examples.
29. Are there situations where energy efficiency measures in direct conflict/adversely affect
patient safety?

30. Are there any additional comments or observations on the role of the Project Manager?
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May 2013 to August 2013

Project Engineer Intern
 Processed RFIs (Request for Information) and submittals


Attend weekly pre-construction meetings



Received, reviewed and evaluated contractor quotations for changes, and processed
change orders



Participated in pre-bid and post-bid contractors‟ evaluation and GMP approval
meetings

Management & Planning Organization (MPO), Iran

January 2003 to May 2007

Project Engineer
 Performed quality control inspections and evaluated potential material supplies


Verified contractors‟ performance related to cost and schedule




Studied problems faced by executives / engineers and suggested suitable solutions
Coordinated and managed training programs for engineers, executives and
contractors

Iran Marine Industrial Company, SADRA, Iran

May 2000 to January 2003

Project Engineer
 Developed detailed design of structural steel for offshore platform


Performed clash detection of 3D coordination models

